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Overview of a bioassay-guided natural product drug discovery process

Source materials
(plant extracts) Active extract(s) Chromatographic

fractions

Active fraction(s)Isolated compound(s)

Active compound(s)Identified compound(s)

Identified bioactive
compound(s)

Bioassay Fractionation

Isolation, Purification

Identification by
Spectroscopic techniques
e.x. NMR, MS, UV, IR

Bioassay

Bioassay



Issue of classical method

Can not secure sufficient material
Lose activity
Isolation of known compound

Metabolomics
Dereplication
- The early identification of known compounds without 

time-consuming manual structure elucidation
- Spotting unknowns of interest could also enter in the 

definition of dereplication



Overview of a mass-guided natural product drug discovery process

Source materials
(plant extract) Active extract(s) Chromatographic

fractions

Active fraction(s)Annotated bioactive
compound(s)

Bioassay Fractionation

Analysis (MS, NMR)
Search spectral database 
Dereplicate known compound

Bioassay

Mass-targeted isolation

Bioassay

Identification by
Spectroscopic techniques

Identified bioactive
compound(s)

Molecular networking



MS/MS network for interpretation
Similarities by 
fragmentation patterns
neutral losses patterns

MS2

Wang, M. et al. Nature Biotech., 34, 828-837, 2016.

node

edge



https://gnps.ucsd.edu/



bio-chemical input

MN1 

3 

1 

1:  1.14 µM 
3: 27.8 µM  

6!

5: > 225 µM 
6: > 290 µM 

0 - 5 µg.mL-1  

Extracts IC50 

> 50 µg.mL-1  

n.d. 

5 - 20 µg.mL-1  

20 - 50 µg.mL-1  
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Bio-chemical input



Bérdy, J. J. Antibiot. 2005, 58, 1–26.

Number of natural products (NPs)

- existing ~unknown
- known ~300000
- with associated MSMS data ~25000



Number of natural products (NPs)

- existing ~unknown
- known ~300000
- with associated MSMS data ~25000

Dereplication
Informatics

methods







Number of natural products (NPs)

- existing ~unknown
- known ~300000
- with associated MSMS data ~25000

Pierre-Marie Allard et al., Anal. Chem., 2016, 88, 3317–3323.

ISDB

Dereplication





Collaboration with Pierre Fabre laboratories in the frame 
of their Open Innovation program

http://nature-open-library-pierre-fabre.force.com/index



Objective:

- establish a molecular cartography of the PF library in 
order to prioritize high added values molecules (specific 
structures or bioactivities)

- shift from classical bioguided fractionation to mass-
directed approaches





Methodology

ANALYSIS
METABOLITE
PROFILING

Thermo Fisher 
Orbitrap Q Exactive
Focus Hybrid MS

Quality Control (QC)
The QC allow the user to evaluate and 
benchmark their LC and LC-
MS chromatography system before analysis 
of critical analytes.

Waters
ACQUITY UPLC I-Class 
PLUS



Objective: 
Establish a universal QC mix for the quality evaluation 
of NPs profiling

MS1

MS/MS

Structural
info

exp

in silico

QC mix



Objective: 
Establish a universal QC mix for the quality evaluation 
of NPs profiling

- at the analytical level (chromatography and MS acquisition)

MS1

MS/MS

Structural
info

exp

in silico

QC mix



Objective: 
Establish a universal QC mix for the quality evaluation 
of NPs profiling

- at the analytical level (chromatography and MS acquisition)

- at the data treatment and analysis level (metabolite identification)

MS1

MS/MS

Structural
info

exp

in silico

QC mix



Extended chemical space

Ginkgo (81 NPs)

(Ginseng) (457 NPs)

Arnica (146 NPs)

Cinchona (86 NPs)

Salvia (1133 NPs)

1903 NPs
reported in DNP

Chemical space of secondary metabolites 
of the QC-mix of 5 herbs



MS1

MS/MS

Structural
info

exp

in silico

QC mix

Method
UPLC, C18 BEH Acquity

Evaluation
Peak capacity



Cinchona

Ginkgo

Ginseng

Salvia

Arnica

QC mix

UHPLC-HRMS profiling of the QC mix and 5 herbs

QC mix?



2	x	50	mm,	C18	BEH	Acquity
column,	9	min

9	min	gradient

UHPLC-HRMS profiling of the QC mix of 5 herbs

-

+
QC mix

Assess peak capacity  

PC=226



QC mix

UHPLC-HRMS profiling of the QC mix of 5 herbs

2 x 150 mm, C18 BEH Acquity
column, 30 min

30 min gradient

-

+
QC mix

Assess peak capacity  

PC=501



MS1

MS/MS

Structural
info

exp

in silico

QC mix

Method
HRMS acquisition
Orbitrap, ESI

Evaluation
Peak number



2 x 50 mm, C18 BEH Acquity
column, 9 min

2 x 150 mm, C18 BEH Acquity
column, 30 min

MS/MS ion map of the QC mix of 5 herbs

+
1402 MS/MS

Short run features with MS/MS

-

2845 MS/MS

Long run features with MS/MS

MS1

MS/MS

+
Assess peak number  



Plate plan

QCmix samples blank

Analyzed so far:
480 extracts (6 plates containing 80 extracts) 



Visualization in Cytoscape

Cytoscape
http://cytoscape.org/index.html



2 new things in the MN annotations :
- exact mass and RT info by MzMine pretreatment
- new script gives all additional metadata of annotation



Addition of a taxonomical layout according to the group 
mapping. Done at the Family level

Found in a unique botanical Family
Common to different botanical Family





The 7500 structures were loaded in Scaffold 
Hunter for structural organisation and queries.

http://scaffoldhunter.sourceforge.net/

Till Schafer et al., J. Cheminfo, 2017, 9.



Tanimoto clustering



Heat mapping



Scaffold view of the 7500 compounds 



Useful for finding common structure
and interesting material based on pharmacophore



MS1

MS/MS

Structural
info

exp

in silico

QC mix

Method
GNPS, Mzmine, MS-FINDER
In silico DB

Evaluation
Metabolite identification

Stotal = S1 x S2 x S3 x S4 

Spectral similarity score

Metabolic consistency
(taxonomical pondering)

Structural consistency within cluster
(structural similarity)

Physico-chemical match
(RT, CCS)



Stotal = S1 x S2 x S3 x S4 

Development of hypothesis metascore

Spectral similarity 
score

Structural consistency 
within cluster

(structural similarity)

Metabolic consistency
(taxonomical pondering)

Physico-chemical match
(RT, CCS)



Stotal = S1

Development of hypothesis metascore

Spectral similarity 
score



Cinchona pubescens



No m/z Molecular 
formula RT Cinchona spp db

(MZmine)

Top5 hit 
structure in 
MS-Finder

Score

1 295.18134 C19H22N2O 1.07 JYL65 OGY41 7.4705
CFP80 GPF00 7.088

CFP87 CFP87,80 6.9084
CGJ39 OTG15 6.6168
CFB99 CFB99 6.5119

MS1 MS2
Dereplication results of C. pubescens with score of spectral similarity

CFP87

CGJ39
JYL65

CFB99

CFP8050
candidate 
compounds

Taxonomical
filtering

NO SCORE NO SCORE

N
H

N
HOH2C

N
H

N

O

N
H

N

O

N

N
OHC

N
O

N

JYL65 CFP80, CFP87 CFB99

apocinchonamine
(OGY41)

rhazinilam
(GPF00)

6,16-dihydro-20-episilicine
(OTG15)

N

NHO
H



No m/z Molecular 
formula RT Cinchona spp db

(MZmine)

Top5 hit 
structure in 
MS-Finder

S1

1 295.18134 C19H22N2O 1.07 JYL65 OGY41 7.4705
CFP80 GPF00 7.088

CFP87 CFP87,80 6.9084
CGJ39 OTG15 6.6168
CFB99 CFB99 6.5119

MS1 MS2
Dereplication results of C. pubescens with score of spectral similarity

CFP87

CGJ39
JYL65

CFB99

CFP8050
candidate 
compounds

Taxonomical
filtering

NO SCORENO SCORE

N
H

N
HOH2C

N
H

N

O

N
H

N

O

N

N
OHC

N
O

N

JYL65 CFP80, CFP87 CFB99

apocinchonamine
(OGY41)

rhazinilam
(GPF00)

6,16-dihydro-20-episilicine
(OTG15)

N

NHO
H

1
2
3
4
5

M
S/M

S	scoring
w
hole

DB

CGJ39: No structure information



Stotal = S1 x S2

Spectral similarity 
score

Metabolic consistency
(taxonomical pondering)

Development of hypothesis metascore



No MZmine
Top5 hit 

structure in 
MS_Finder

S1 genus point*
Top5 hit 

structure in 
MS_Finder

Score_taxono
micaly

1 JYL65 OGY41 7.471 No IF 1 OGY41 7.471
CFP80 GPF00 7.088 another family 1 GPF00 7.088

CFP87 CFP87,80 6.908
C. officinalis and all 

Cinchona spp. 1.6 CFP87,80 11.053
CGJ39 OTG15 6.617 another family 1 OTG15 6.617

CFB99 6.512 C. Succirubra (pubescens) 1.6 CFB99 10.419

Dereplication results of C. pubescens with Metascore
C

19
H

22
N

2O

N
H

N
HOH2C

N
H

N

O

N
H

N

O

N

N
OHC

N
O

N

JYL65 CFP80, CFP87 CFB99

CGJ39: No structure information
OGY41 GPF00 OTG15

N

NHO
H

1
2
3
4
5

CFP87

CGJ39

JYL65

CFB99

CFP80

1.6 point: same sp
1.4 point: same genus
1.2 point: same family
1.0 point: another family 
and No IF



No MZmine
Top5 hit 

structure in 
MS_Finder

S1 genus point*
Top5 hit 

structure in 
MS_Finder

Score_taxono
micaly

1 JYL65 OGY41 7.471 No IF 1 OGY41 7.471
CFP80 GPF00 7.088 another family 1 GPF00 7.088

CFP87 CFP87,80 6.908
C. officinalis and all 

Cinchona spp. 1.6 CFP87,80 11.053
CGJ39 OTG15 6.617 another family 1 OTG15 6.617

CFB99 6.512 C. uccirubra (pubescens) 1.6 CFB99 10.419
*1.6 point: same sp, 1.4 point: same genus, 1.2 point: same family, 1.0 point: another family and No IF

Dereplication results of C. pubescens with Metascore
C

19
H

22
N

2O

N
O

N

1
2
3
4
5

CFP87

CGJ39

JYL65

CFB99

CFP80

3
4
1
5
2

Metascore

N
H

N
HOH2C

N
H

N

O

N
H

N

O

N

N
OHC

JYL65 CFP80, CFP87 CFB99
N

NHO
HIn silico MS/MS

+ Taxonomy

CGJ39: No structure information
OGY41 GPF00 OTG15



277.1709

Rt 1.07
295.1813

N

NHO
H

cinchonine (CFP87)

277.1705

295.18114

Rt 1.07
295.1813

Validated with standard 
injection

Validated with standard injection

In silico MS/MS
+ Taxonomy

CFP80, CFP87
N

NHO
H



UHPLC-HRMS profiling of the QC mix of 5 herbs



UHPLC-HRMS profiling of the QC mix of 5 herbs
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Alkaloids annotated from C. pubescens



Stotal = S1 x S2 x S3

Development of hypothesis metascore

Spectral similarity 
score

Structural consistency 
within cluster

(structural similarity)

Metabolic consistency
(taxonomical pondering)



Salvia officinalis



1

Molecular
formula

m/z RT (min) MZmine

C18H16O6 329.1022 3.817 QNP61

QNP62
LVR65
CLX97

HRMS-ESI (+) of the MeOH extract of S. officinalis with annotation 
restricted to Salvia spp.  

329.1022

CLX97

QNP61

LVR65

QNP62

O

HO
OH

O
O OH

O

HO
OH

O
O OH

QNP61 QNP62

Abietanes

O

OH

MeO

O

OMe

OMe

O

OH

MeO

O

OMe

MeO

LVR65 CLX97

Flavonoids C
18

H
16

O
6

NO SCORE



250.144249.11249.134495.417 250.178250.178248.165247.178247.133

285.149 285.158 286.144284.176 284.201 284.296284.164284.139282.17

1247.681228.672418.41187.71183.261161.281155.231133.251060.18 1105.222192.25 1119.691051.621035.41 1037.521019.7993.663 124.087124.087124.087 124.087 124.087124.087122.9251427.6 120.081

879.404877.675875.659875.658875.368867.342865.491861.68825.637 827.491825.637 827.492823.482823.48822.53817.545 818.557 819.482817.434 841.632841.612841.61841.61839.362839.273833.429829.508

1326.981270.68 1287.781282.82 1331.93

861.679847.519842.51 842.565

156.042155.083154.097154.086153.127152.074151.097151.038

193.159 194.081194.081 194.118193.063190.144189.078186.222 187.087 187.123184.133 203.053203.053202.013 202.227 207.168207.018206.886206.886206.198206.045205.144204.0201.128201.102199.097198.176198.076195.993194.118194.118

136.022 136.022136.022 136.022136.022136.022136.022136.022 136.022 136.022136.022 150.951299.213295.181 149.023147.044145.065144.233143.366141.114138.037137.133136.062

1083.62 468.242500.338 393.31 553.556359.132 647.157494.4

211.169 465.3414.301 763.183 401.29598.249778.56371.143

617.147 737.399197.08 465.3 423.183 365.278 455.448466.368

754.544754.545752.474 754.545 755.45754.544 755.449752.346

442.333227.201 598.38760.303779.179792.577481.295373.158

274.873 275.192275.042 277.169273.258273.221543.157 273.146 273.185271.169

245.118244.205242.926242.926

282.12281.175280.245279.205

236.079 236.149236.128 236.168235.19233.154231.102 231.113 231.139456.169

279.23279.163279.161277.217277.216277.181277.178277.17

242.926242.926242.175240.233240.232237.185237.148236.905

1948.06 827.547 358.149 410.195358.178378.228620.455648.428388.307569.477

813.568812.479 408.179361.201 225.164620.395 344.17472.401386.291544.494917.542 444.259

553.113923.53

917.542

631.254

482.275

442.243

909.55

903.564 611.503 242.285656.219

628.531626.455

683.292

864.6

850.585612.442

271.275

665.28

598.427 612.507862.584
270.28

581.143

567.129

685.35

683.316

767.395

689.379

505.426

775.47775.47

802.586

800.572503.409

414.375145.049362.267507.228399.123337.155666.532136.022 553.368678.327

340.103 364.213 366.336 714.552303.05 330.265303.232 189.164 335.186608.492

774.558 775.268 775.469766.546 767.494 772.595768.562 772.369771.503765.493

285.219 323.077 364.322 696.541 321.171347.186285.222287.055 163.148602.504

334.236445.212307.097307.144664.516136.022 413.378415.264288.969376.212

562.314 163.039 724.37394.207333.17503.483330.227 317.193423.456339.18

759.383 759.497 761.481759.432 761.481759.457755.508 764.565 765.479756.526755.507

584.344277.208446.2381009.77212.165431.149829.503 349.147413.217329.138

807.517 226.18 628.333295.224482.2021053.8831.524 384.185416.264329.232

165.115 528.309 162.974 489.467 331.155 359.17 722.352 315.195405.446309.16

716.531

944.741 643.479

702.522

674.521

972.738
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1014.75

870.703

913.701

972.733
542.478

585.474
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660.505
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601.469
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700.525
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702.53
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930.728
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888.714

956.739

856.724
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914.729
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275.259 331.3
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347.316

333.301

319.286

391.338
363.306
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460.296

291.254
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364.342

380.337

350.327

392.374
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512.418
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540.448
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265.016

200.973 239.967
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464.301

218.984

325.237
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515.322
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Stotal = S1 x S2 x S3 x S4 

Development of hypothesis metascore

Spectral similarity 
score

Structural consistency 
within cluster

(structural similarity)

Metabolic consistency
(taxonomical pondering)

Physico-chemical match
(RT, CCS)
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Ginkgoaceae

Flavonoids

Molecular network of the MeOH extracts of Ginkgo biloba
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Ion mobility -> CCS



Ion mobility for IDA HRMS/MS



MS1

MS/MS

Structural
info

exp

in silico

QC mix

Stotal = S1 x S2 x S3 x S4 

Spectral similarity score

Metabolic consistency
(taxonomical pondering)

Structural consistency within cluster
(structural similarity)

Physico-chemical match
(RT, CCS)



To do:

p appropriate pondering 

p confirm annotation by standard analysis

p implement the metascore system 
automatically

unambiguous
annotations

partial	annotations

Unknown
features

Assessment	of	
metabolite		ID	
capacity		of	
given	platform	
with	a	given	
dereplication	
workflow	

set	of	>	1900	fully	
characterised	NPs	

34%

475Goal



mgfRaw data

File convert

Output file

GNPS

Work flow

File convert

MS-DIAL MS-FINDER

SIRIUS



Output file

SMILES
O[C@H]([C@@H]1C[C@H]2[C@H](C[N@@]1CC2)C=C)C3=CC=NC4
=CC=CC=C34
InChI
InChI=1S/C19H22N2O/c1-2-13-12-21-10-8-14(13)11-18(21)19(22)16-
7-9-20-17-6-4-3-5-15(16)17/h2-7,9,13-14,18-19,22H,1,8,10-12H2/t13-
,14-,18-,19-/m0/s1

InChIKey
KMPWYEUPVWOPIM-LSOMNZGLSA-N



Conversion 

Short InChIKey Annotated 
results file

Output file

-export information
-search in MetaData (DNP)

Work on Excel limitation



Conversion 

Short InChIKey Annotated 
results file

Output file

csv InstantJchem



Bioactive Natural Products prioritization pipeline

Florent O., Pierre-Marie A. et al., ACS Chem. Biol. 2017, 2644-2651.
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