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He is currently developing innovative MS- and NMR-
based metabolomics strategies in the frame of
projects related to phytochemistry, microbial interactions
and phytotherapy. He is specialised in the de
novostructure identification of biomarkers at the
microgram scale and is using a miniaturised approach
that combines activity-based HPLC profiling and high
content information bioassays such as those involving
zebrafish.




Overview of a bioassay-guided natural product drug discovery process

S : Bloassay Fractionation T

ource materials : i
Active extract(s) I, :

(plant extracts) (S) fractions

Bioassay

Isolation, Purification

Isolated compound(s) R e ———————————l Active fraction(s)

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

Identified compound(s) Lrr——————d ACtive compound(s)




Issue of classical method

Can not secure sufficient material

Lose activity
Isolation of known compound

-
etabolomics

Metabolomics

Derepllcatlon
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

S terial Bioassay Fractionation T
ource materials - i
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(plant extract) RN fractions

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

— Active fraction(s)

Mass-targeted isolation

Identification by
Spectroscopic techniques

Bioassay

Bioassay

| Molecular networking




MS/MS network for interpretation

Similarities by Scan 9053

fragmentation patterns
neutral losses patterns nOde
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Wang, M. et al. Nature Biotech., 34, 828-837, 2016.
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Bio-chemical input .

Extracts IC;,
B 0-5pug.mL
~ 5-20 ug.mL-1

20 - 50 ug.mL"1
> 50 yg.mL"
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Number of natural products (NPs)

unknown
300000
ciated MSMS data ~25000

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




Number of natural products (NPs)

Dereplication

unknown
300000
ciated MSMS data ~25000
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Generation of the ISDB (in-silico database)
!
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Generatlon of the ISDB (in-silico database)
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DNP-ISDB

> 220 000 in silico
MS/MS spectra



Number of natural products (NPs)

Dereplication

~unknown

300000
ciated MSMS data ~25000

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



Fragmentation of flavonoids HO %

®typical fragmentation
of flavonoids and

flavonoid-glycosides X X

X [Mehe320)
“IX: (MaH90)

A [Mahe13e)
o
® Quercetrin agtycore
v R
I M50

X (M40
19%; (Ma-104)
v ' 303.0501 (pos. ion mode)
- 301.0357 (neg. lon mode)




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

OPEN

LIBRARY

AN OPEN INNOVATION INITIATIVE BY PIERRE FABRE

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

. LIBRARY 8§ con

Pierre Fabre

Pierre Fabre Laboratories open their 15 000 plant library.

Let's expiore 1he potential of plants for Life Scences,




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
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Methodology

Thermo Fisher
Orbitrap Q Exactive
Focus Hybrid MS

Waters

- O y ACQUITY UPLC I-Class
. " pLUS

The QC allow the user to evaluate and
benchmark their LC and LC-

MS chromatography system before analysis
of critical analytes.



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

Structural
info




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

- at the analytical level (chromatography and MS acquisition)
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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)

MSH1
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Chemical space of secondary metabolites
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Cinchona (86 NPs)

1903 NPs
reported in DNP




UPLC, C18 BEH Acquity

QC mix ||
0

Peak capacity




QC mix?

UHPLC-HRMS profiling of the QC mix and 5 herbs
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UHPLC-HRMS profiling of the QC mix of 5 herbs

Assess peak capacity

QC mix
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2 x50 mm, C18 BEH Acquity
column, 9 min



UHPLC-HRMS profiling of the QC mix of 5 herbs

ll e

Assess peak capacity

QC mix
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2 x 150 mm, C18 BEH Acquity
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HRMS acquisition
Orbitrap, ESI
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MS/MS ion map of the QC mix of 5 herbs

Assess peak number

P

Short run features with MS/MS

1402 MS/MS

Long run features with MS/MS
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Plate plan
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Visualization in Cytoscape

Cytoscape

http://cytoscape.org/index.html
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2 new things in the MN annotations :
- exact mass and RT info by MzMine pretreatment
- new script gives all additional metadata of annotation
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Addition of a taxonomical layout according to the group
mapping. Done at the Family level
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@ Moraceae
Capparidaceae




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

@( caffold
Hunter

http://scaffoldhunter.sourceforge.net/

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



Tanimoto clustering
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Scaffold view of the 7500 compounds



Useful for finding common structure
and interesting material based on pharmacophore



GNPS, Mzmine, MS-FINDER
In silico DB
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Metabolic consistency Physico-chemical match
(taxonomical pondering) (RT, CCS)

Stotal = S1 X S2 X S3 X S4

Spectral similarity score  Structural consistency within cluster
(structural similarity)

Metabolite identification




Development of hypothesis metascore

L

Metabolic consistency W - Physico-chemical match

(taxonomical pondering) g - (RT, CCS)
’ ,

Stotal = S1 X S2 X S3 X S4

| |

Spectral similarity Structural consistency
score within cluster

‘ “ | (structural similarity)



Development of hypothesis metascore

Stotal = S
|

Spectral similarity
score

e



Cinchona pubescens




Dereplication results of C. pubescens with score of spectral similarity

Experimental spectrum vs. In silico spectrum Actual MS/MS MSZ ‘
295.1815
| Top5 hit

m/z structure in
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1 295.18134 § *0 0oGY41 7.4705
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Dereplication results of C. pubescens with score of spectral similarity

Experimental spectrum vs. In silico spectrum Actual MS/MS

T I--

GPF00 7.088

100+

50

1 295.18134
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Stotal = S



Development of hypothesis metascore

Metabolic consistency % -
(taxonomical pondering) ﬁ .

3=

Stotal = S1 X S2

|

Spectral similarity
score

e



Dereplication results of C. pubescens with Metascore

genus

No IF

duccirubra (pubescens

1.6 point: same sp

1.4 point: same genus
GPFoo  7.088 |2 B 2?f‘l’:lhne;lf:':r']3’a" 1 1.2 point: same family
CFP87,80 6.908 |3 |  Ginchona spp. 1.6 1.0 point: another family
OTG15 6.617 4 another family 1 and No IF
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Dereplication results of C. pubescens with Metascore

TopS hit
genus point*  structure in
MS_Finder
OGY41

No IF 1

3 . officinalis and all

Cinchona spp. 1.6
another family 1

M Accirubra (pubescens) 1.6 CFB99

10419 N2

*1.6 point: same sp, 1.4 point: same genus, 1.2 point: same family, 1.0 point: another family and No IF
N
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+ Taxonomy o)
CFB99
/
N
N
H o
OTG15

CGJ39: No structure information




Validated with standard injection
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UHPLC-HRMS profiling of the QC mix of 5 herbs




Gane geak aiernity

UHPLC-HRMS profiling of the QC mix of 5 herbs
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Alkaloids annotated from C. pubescens
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Stotal = S1 X S2 1



Development of hypothesis metascore

Metabolic consistency % -
(taxonomical pondering) ﬁ .

=

Stotal = S1 X S2 X S3

| |

Spectral similarity Structural consistency
score within cluster

‘ “ | (structural similarity)
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HRMS-ESI (+) of the MeOH extract of S. officinalis with annotation
restricted to Salvia spp.
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Molecular

networking p

of QCmix - s
Cinchona .
Arnica
Ginseng :
Ginkgo
Salvia

*.g © 3 e o o @ e g0 g0 e e * L

LI Y . * e © @ o N % .
pe ® @ . e © e . o © s e . o ® e ¢ & . ° ° . .

A ® ° ® ® ° ° ° . ° hd A ®
o0, ® g 0’0' o © o ® ® e 6000 C0 00 ®©© 9990666006660 OS0OGECO O OO
@ e e ° e ® © °.‘0-oo‘-<-‘--coooo- 1 © 6 0 0606 060060600600 0c 00 e e oo
© 6000000000 IE OO OO0 600G O 0C0 0000 OCE 00000600 CEE 00000 GCECEeOOOSS
© © 0 6 00 DOOE GO OO0 OCOGOOEC 0600000 CCO6O 00O 6OGOCO0600O060SECOOOOSS
® 9 00 0000006 EPCPO 0000000000000 0ISSEOCONGOGOOEOOGCOCEOIROEOGOOCEOOCOGOOOGEOOGOOCOOOROGBOEOC TGS
® 6 © 0 0000 0CSOOCEO000 600000 SOOSESS
eecoeeee eoceceeeceo000000000e e e eo0ec0000000 000000000000 e
eeoeveeee I I R I A R Ry R I I )
¢ oeeeeee 600 L A A Y e 0o0e ® e ® e ° °
R R I N @@ 96000 e e e s e R R A R I R T A 3 °
e o ® @0 e e 000000 Coeeeee0e000000000 0000 ee
eeceeeee o000 e0e0eeeeee o 0000000000000 0 OGO C
R R R I R R A A A A I ) Ceeo 0000000000000 00000e




Molecular networking profiles of S. officinalis
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Molecular networking profiles of S. officinalis
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m/z 313.143 m/z 283.169
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Structural consistency within clusters using
Tanimoto scores
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Tanimoto dendrogram of a MN Salvia cluster
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Tanimoto dendrogram of a MN Salvia cluster
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m/z 313.143 m/z 283.169

Match with Labiatae
(Lamiaceae)

(] E—

Stotal = S1 X S2 x S3




Development of hypothesis metascore

L

Metabolic consistency W - Physico-chemical match

(taxonomical pondering) g - (RT, CCS)
’ ,

Stotal = S1 X S2 X S3 X S4

| |

Spectral similarity Structural consistency
score within cluster

‘ “ | (structural similarity)
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Molecular network of the MeOH extracts of Ginkgo biloba
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‘ |I || II .‘ y Structural
in silico v info
t |
Metabolic consistency Physico-chemical match
(taxonomical pondering) (RT, CCS)

|

Stotal = S1 X S2 X S3 x S4

|

Spectral similarity score Structural consistency within cluster
(structural similarity)




Goa| Assessment of ,. P /
metabolite ID - 475 o
capacity of 4 . 2%
. £ unambiguous . = 0
glven platform ”,‘/ Unknown annotations g =h
with a given | features 3 40 8 v
dereplication 7 3 §
. o
To do: workflow v 7
v =
n <

Qa’tial annotations

T

0 appropriate pondering
O confirm annotation by standard analysis

O implement the metascore system
automatically



Work flow

— > |GNPS |

File convert

Sheve _‘_ __—
LX) = B =
proteowizard

mgf SIRIUS Output file

v

N

Lilil

MS-FINDER




%

Output file

- & —{PiantCyc(Plant) {" ”.y — DNP — PubChem (biological db)
“h ChEBI ‘ :
wst  |UNPD(NPS) ‘
NANPDB(NPs)
SMILES KNAPSACK(NPS) CRC code Short InChIKey
DNP
K[GC COMPOUND: C06528
rop
Eatry  [co6526 Compound
Namo Ccinchonine)
(98 )~Cinchonan~9~01
Forsula  |Cl9M2I%20 |
Exa0t mass 29%4.1732
Mol 294.3%08
e B SMILES
P O[C@H]([C@ @H]1C[C@H]2[C @H](C[N@ @]1CC2)C=C)C3=CC=NC4
fh =CC=CC=C34
- ':;;‘Nﬁk InChl
" INChl=1S/C19H22N20/c1-2-13-12-21-10-8-14(13)11-18(21)19(22)16-
NN 7-9-20-17-6-4-3-5-15(16)17/h2-7,9,13-14,18-19,22H,1,8,10-12H2/t13-
L1 ] ,14-,18-,19-/m0/s1
NN I
COLE2R InChIKey
Mot the || KCE e DB searsh KMPWYEUPVWOPIM-LSOMNZGLSA-N




Output file

‘ & —{PlantCyc(Plant)

~ | |chEBI

“wess |UNPD(NPs)
NANPDB(NPs)

SMILES KNApSACK(NPs)
DNP

CRC code

— DNP

Short InChIKey

— PubChem (biological db)

Short InChlKey

Conversion

Dictigﬁéry -
of Natural
Products &

%
Lon DVD e N
; A\ fa /63
0) CRe

Work on Excel

Annotated
results file

«—— limitation

MS-Finder rank new|MS-Finder (pos) | InChiKey score S1 Biological_Source IOOmpound Types point_sp | point _genud point family|total point |score S2
1|HDC47-U YXHVCZZLWZYH Constit. of Ginkgo b{ DA7300 DB2340 DG0040 VAL0.2 0.2 0.2 1.6
KZV56-S KEQVPNIOSICVBGH 7.8132| Constit. of Juniperud VS5550 ZN2000 0 0 0 1 7.8132
KGG30-Y DEPBIQJKIVZYES-Z 7.7289| Constit. of Cladiella | VS6440 ZT1000 0 0 0 1 7.7299
GZG27-V UEOBFNCQTNUCC _ 7.7281| Constit. of Ozoroa n| DA7300 DG0O040 VA7300 VGLO 0 0 1 7.7261
NRL81-E SVXPDLNSXIXYEA- Constit. of Myrosper VS5800 ZQ3840 4] Q 0 1




Output file

SMILES

-

PlantCyc(Plant) — PubChem (biological db)

ChEBI
UNPD(NPs)

KNAoSAcK(NRs)  CRC code Short InChIKey

DNP

Conversion

eStudio'

Short InChlKey

v
v

@ Annotated
results file

CSv Instantlchem
Cdud Structure Mol Formula |File path  [File name |Tizle M51 count|MSMS PRECURSO|PRECURSO|Rank Structure |Total Databases [Ontology [Short

Weight count rank score InChiKey
1 (;3_‘0 323_5qC22H3‘.. C:User... [Peak I... |Unkno... 752 54l 329.25/[M+H]+ 1/C0001... 6.93 ECMDB...|INA PHENP...
2 ,Yf“"“ B 328_50{C22H3... C:User... Peak I... |Unkno... 752 54| 329.25/[M+H]+ 2/0~15~... 6.90/ChEBI... [NA QGNJR...
3 ®po 328.50 C22H3...|C:User... |Peak I... |Unkno... 752 sal 320.26|/M+H]+ 3/C0001...| g g5 ECMDB...|NA DVQKS...

e |

4 4% 328_50;C22H3... C:User... |Peak I... Unkno.., 752 54l 329.25/[M+H]+ 4/UNPD3.., 6.76 ECMDB...[NA CGOM...
5 ;.‘»’(»4;3 323_50{&2"3... C:User... |Peak I... |Unkno... 752 54| 329.25/[M+H]+ 5/HMDS... 6.74/BMDB... [NA MBMB...




Bioactive Natural Products prioritization pipeline

Natural Products Extracts Library

--------------------------------------------------

Mamve molecular networks

" Bioactive Natural Products

MS-targeted
isolation

Prioritized NPs fami

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



GERMANY“.

Bml yoed w Vﬂmﬂhu' mo >
/A~ : ‘. ¥ I"" \__‘ C " Y. : osw - o
£y Sl BERN off Bt s S o

: - ) ,’ . OW . = oOow - »
" ,-om,(mg ofhm S e 3 1D ", ¢ i\

Olnterlaken

i S W1 'i* ZERL % N D | ]

NI TR AL Y

| tptrp—a.



Y
“.0 =22 F‘J
COLLADON

N ANTL
AR MERVELEY

L x— a"d"’mm’ue:
A s @1 EAUX-VIVES

> P e BTB3U¥a
- i  MOLX-N
| LA GRANDL-BOISSII
- RS S
ARE 202 -2
p: A, LA son I‘“ ’e.'-u
0}‘. ) At 1 3013 :
| woissonwas LT Aueusting /7/‘\»
A o P . | CHAMPEL
pey -

adun R &\















Py

7 i % .3"'&.‘;"’




"" My
GLACIER %a'
| _ EV LDV

T S ¢
e A ol
I;k" -l L '}
o — o
'P ~ .L\. . :
e L
21 Y
Q.
;4
L vl

.
A
'3,
,

o e — g A

i r, 'f y J ' ‘ \ !
o [ { ' )
p .' r :










[ .
TN .o
t:”li “: :-' il
¥ (lb;-', 3 i










Acknowledgement

Prof. Jean-Luc Wolfender

Prof. Yoshiyasu Fukuyama
Prof. Yoshinori Asakawa
Dr. Kenichi Harada

Dr. Masato Murasaki

Mrs Corinne Galland (Welcome center)
My friends and my family

<«

The best friends @ Jean-Luc’s lab

ARMEEAN WWEHPFIREME
AMEAZEAN KHLSEFPERXFTME



Merci beaucoup!




