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\\ BIOASTER
Translational research: Translation S pectrum ‘

M ' | Al

BASIC SCIENCE TRANSLATIONTO TRANSLATIONTO TRANSLATIONTO TRANSLATIONTO
RESEARCH HUMANS PATIENTS PRACTICE COMMUNITY

Proof of / : Phase 4 !
Preclinical concept [ Phase2 | clinical trials Population-

; | | « »
and animal Phase 1 | and 3 ,‘ and clinical level

studies clinical \ clinical trials | outcomes outcomes

trials \ research research

Defining New methods Controlled studies Delivery of True benefit
mechanisms, of diagnosis, leading to recommended fo society
targets, and lead freatment, and effective care and timely care to
molecules prevention the right patient

Translation of new data info the clinic

Translation from basic science fo hu nan studies C :
and health decision making

From the National Center for Advancing Translational Sciences
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Translational research — A central role for Omics

Industry
Design and produce agent

*Design and produce
prognostic/diagnostic tests

BIOASTER

Laboratory Clinic
*Omic’ analysis for target *Disease phenotype
identification *Clinical trials

*Sample collection

*Preclinical models
*Clinical sample \

Data integration
*Molecular signatures
*Disease biomarkers
*Drug targets

OMICS

*Rational drug design
*More effective therapeutic agents
*Personalized therapy
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BIOASTER
Translational research —Main challenges I

Omics need to address two main questions in translational projects:

~—_

The unders tanding of biological mechanisms (diseases, treatments,
microbiota), by addressing both the microbes and the host response

=> Samples diversity/complexity

=> Comprehensi~g analysis

Bioaster need to addres dustry problematics:

‘ Budget
‘ Time constrains
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BIOASTER
Comprehensive analyses

Integration of NMR & MS for comprehensive metabolomics/proteomics

Complementarity of
metabolic species

- Quantitative - High sensitivity - High sensitivity

. High—through.put Complementarity of H!gh coverage - H!gh coverage

- Non destructive oroperties - High dynamic range - High dynamic range
- Reproducible - Low-throughput - Complex matrixes

- Low sensitivity - Metabolite-specific - Low-throughput

Complementarity of
technologies

Structure elucidation or confirmation
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BIOASTER

Metabonomics ‘

NMR for polar metabolites analysis T

Equipment:

600 MHz Avance Il HD NMR from Bruker
- 1,7mm / 5mm cryogenic inverse probes for 1H/13C/15N/P12 detection
- Samplelet for automated sample analysis

Analysis:
1D H! NMR, NOESY sequence

Coverage of all canonical pathways
(glycolysis, TCA cycle, pentose-phosphate way...)

ﬁ ~15 min run
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Lipidomics

LC-MS for lipids analysis

Lipidmaps database

M Fatty acyls

® Glycerolipids

m Glycerophospholipids
m Sphingolipids

m Sterol lipids

m Prenol lipids

m Sacccharolipids

W Polyketides

BIOASTER

=

A Fatty acids
HO

B Glycerolipids

© Oleic acid €18:1 A° unsaturated

R

sn- ]\m -2 sn-3 O/Y\OH
Ho’\|/\0H R21(
o]

D

O’Y\OH

C Glycerophospholipids

.
B oiipa
RT "0 0’
12 /\(\ ” Choline —CH,-CH,-NY(CH,), PC
Serine —CH,-CH(COO)-NH}, PS
Ethanolamine —CH,-CH,-NH} PE
Glycerol —CH,-CH(OH)-CH,0H PG

Inositol HO PI

HOHO OHOH

OH

D Sphingolipids

Sphingosine Ceramides

OH OH
Homd "N g PC Sphingomyelins
< 7’
Galactose or Glucose
Glycosphingolipids
CH3 CHj3

|

2 POSSIBLE STRATEGIES

targeted or untargeted analyses
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BIOASTER

Lipidomics

Targeted analyses

-
- e -

- -
- gs SO -
- --

- ; Sa
Cadlo‘llm Glycerolipids Cholesteryl esters
| ! !

Comnteinatinn o LC-CAB, 1E-W C/%S samiyen
oved LT-N, sapal wten (rowerns phase )

N QYRAR andd AP 3008 B R —

Vit ek Beten tamn wet™

AR e ke L)

W e St Q8 o el g e

Incompatible with:

o TS De novo dis covery
T T - Low volume of sample
- ngh number Of Sample Adapted from the Lipid maps consortium)

- Time constrains

Quantitative n ~ Budget n metabolites
- Hypothesis driven

8 08/10/2020  JIProMet-2020



\k BIOASTER

Lipidomics

LC-HRMS Untargeted analyses ‘
= global unbiased analysis, semi-quantitative = hypothesis generating B

Equipment:
Thermo Scientific™ QExactive™ HF
- UHPLC Dionex 3000

Analysis:
- Full scan data acquisition (m/z ratio from 100 — 1250 Da), at a resolution of 70 000

- Automated Data Dependent Acquisition of MS/MS spectra, at a resolution of 35 000
- Two separate injections for acquisition in positive and negative ionization modes

100, W) ~20 min run (x2)

- LPC
2 pe PC, PG, PS SM Cer CE TG
C R ! J !
|—I—| I 1
*2 | 496.3421 758.5698 DG
—_— I ]
703.5775, || 760.5886 786.6069 815.6976 874.7823

524.3741 813.6820

Time
12 14 16 (min)

9 08/10/2020  JIProMet-2020



Proteomics

LC-HRMS for proteomics
= Bottom-up approach

Equipment:

2 Thermo Scientific™ QExactive™

10

UHPLC Dionex 3000

ﬁ ~30 min run

Analysis:

BIOASTER

- Full scan data acquisition (m/z ratio from 400 — 1250 Da), at a

resolution of 70 000
- Automated Data Dependent Acquisition of Top20 MS/MS

spectra, at a resolution of 17 500

separation

HPLC
High-performance
liquid chromatography
(using Proxeon)

MS
Mass spectrometry

MS

HCD MS/MS mode
Higher-energy C-trap dissociation
Tandem mass spectrometry

mentatic:n
sample prep 2
® shelfoes
=05 1L %N > > >
& |
a(.‘,, iz || 8 5 5
£ Typsin ) 528\ A23, E E =
digestion |"'/'5-‘,J" -
Time miz
Protein mixture Peptide mixture Peptide separation
Current shotgun proteomics workflow
bioinformatics
Quantified proteins Quantified peptides

Identified proteins

Identified peptides

Database search
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BIOASTER
High number/low volume of samples I

Integration of automated sample preparation for: —

© Combination of sample preparation for MS/NMR

— Robotic head with both long needles (NMR) and tips (MS)
© Fast, accurate, robust extraction
© High throughput for high number of samples (e.g. clinical trials)

© Sample Management System (LIMS)
— Internal solution: NoE

©

=hwork of Experiments

e
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\\ BIOASTER
De Novo discovery

_

Integration of bioinformatics for: —

© MS & NMR data combination

© Automated data processing

© Automated metabolites/proteins identification
© Automated QC evaluation

© Automated biostatistical analyses

No existing tool reaching all these specifications

| BioTrscs

An in-house bioinformatics solution for complex analytical workflows

12
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BIOASTER

N\
\

BioTracs is a computation framework that allows implementing complex analytic
workflows while ensuring traceability and transparency in computational processes.

a@ﬂ?‘, https://bioaster.github.io/biotracs/

Project layer

Application layer Applications

Framework layer BiOTra CS .
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https://bioaster.github.io/biotracs/

BIOASTER
BioTracs-Mimosa/Polaris

BioTracs-Mimosa/Polaris are transversal computational applications based on BioTracs framework for
the analysis of MS metabolomics & proteomics data.

BioTracs-Mimosa/Polaris )

Mass spectrometry data processing

-

Raw data

\ 4

BioTracs-MzConvert
Raw files conversion

7 '-.,.,:"-i,

proteowizard

v

BioTracs-OpenMS

OpmMMS Feature extraction

|
VL

b

\/

BioTracs-Metadata
Sample data annotation

II%/

Metadata

NoE

Processed data

v' Filtering

v' Gap filling

v' QC CV filtering
v Intra and inter-batch drift correction
v Quality control assessment

v Feature grouping

N e

Pr

-+

14
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BioTracs-Mira
Metabolite/Proteins
identification
(LipidMatch, Mascot)

LiEidMatch Flow

BioTracs-Atlas
Statistics & Machine learning

BioTracs-NOVA
NMR data processing




BIOASTER
I Workflow for a (pre)clinical study with low volumes

from 150l of Plasma

MECHANISM
UNDERSTANDING
4 Robotics ~850 lipids Pathway enrichment
-g BSL2/BSL3 ~250 metabolites Functional analyses
v} ~280 proteins
wm
< Automated Biomarker
% sample Candidates Advanced
% preparation SIGNATURES analyses
3
=} Database
= ‘ NMR Biostatistics
2 High Resolution MS
m ] ]
- ~1850 lipid features
-~ . Markers Data
750 metabolites features ID integration
~800 putative proteins

Bioinformatics

Data Discriminant
processing analyses
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Limitations and sources of improvement

Metabolomics
Limitation of NMR sensitivity
Problematic for intracellular metabolomics
Limited number of metabolites addressed

Proteomics

Place for improvement in proteins identification
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\\ BIOASTER
Limitations and sources of improvement

Metabolomics
© Limitation of NMR sensitivity

© Problematic for intracellular metabolomics
© Limited number of metabolites addressed

) HILIC

17 08/10/2020  JIProMet-2020



Hydrophilic Liquid Interaction Chromatography (HILIC)

Workflow

Polar metabolites extraction

\ 4

[ Sample preparation }

4 Metabolomics: Hilic approach

Organic phase

SHILIC phasei

=

Thermo Scientific™
UHPLC Vanquish™

-m ?nu\.,r y_ o )
: Q Exactive HF ™

~

- 700 new accessible metabolites, in a scalable database

BIOASTER

Data pre-processing

BIOASTER

Biological matrix

. »

-
Standards injected

n=700

\_

lon extraction
‘ T Bl . m/z

Bioinformatics

-
N

Discriminant

analyses Markers:

|dent|f|cat|on

“HilicMatch”

Pathway analysis

In house database

RT
Type of ion
Correlation with other ions

/

- Complementary to NMR analyses

18
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Workflow in place
Database under construction



Limitations and sources of improvement

Metabolomics
@ Limitation of NMR sensitivity

® Problematic for intracellular metabolomics
@ Limited number of metabolites addressed

Proteomics
© Place for improvement in proteins identification

) DIA
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BIOASTER

DDA: Data Dependent Acquisition

1. Precursor (MS1) full scan:
Q1 Collision cell Orbi/TOF ~—

/Q O L)
R S5° = = = = 00000 ™
g °0s o
( ) )
7 m/z
2. Full MS2 scans of several most-intense precursor ions (DDA):
Q1(#1) Collisioncell  QOrbi/TOF
Q0 Ooo ’Oooozg 000 §
a% e OmQO=bom  JUIT = £
o 08 o:%% ooo?ag g
( ( ) SO E
Q1(#2) Collisioncell QOrbi/TOF g
Q _— =
% 3 or 5
69032‘?9 - -:‘ o2 - £
o 0.. 00 %
( ) § ] o8 =
Q1(#3) Collisioncell  Orbi/TOF m/z
( ( —_— 4
09 _ 9590 ,T...fg' -
4 : -.OO:Q o= o oo = = O .
6909 . OSL \:O,.o. 00 =
( ( e 2““‘ g
m/z

o Identification is done based on fragments ions matched onto in silico digested protein databases
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BIOASTER

DIA: Data Independent Acquisition
1s1 full scan: ‘
_ ~—~—_
Q1 Collision cell Orbi/TOF
( ' | —u
OOOO GOOu 00 0000030 1

g}%gp-» 958900- = = = 5000 =
Ol ( ) ( )

MS1 intensity

m/z
2. Full MS2 scans with large precursor isolation window width:

independent Collision cell Orbi/TOF
( | —
02 0o 000
A 090
00-2 0° 90‘;8 = 00006
SRR
( ) 09
l 7
l l stepwise
n
P ( eTele I_) ( ) — >
. S @ 2]
0009 ce OOQ & Oogoo ggoo )
QO = 1175-1200m/iz()Q) = Cg 00 = Q000000 = T [
OO8Y B N 0508 w N
e @ 000 P-4 2
— <L

m/z

o DIAis an acquisition method that acquires fragment ions (MS2) spectra in an unbiased fashion, without
requiring the detection of peptide precursor ions in an MS1 survey scan (as in DDA).

o ldentification is done using a spectral libraries, built up after fractionation (5-40 fractions) of pooled samples
of the study (e.g. 20 fractions acquired in DDA mode)
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\k BIOASTER
DDA Vs DIA

© Comparison of results acquired either in DDA or DIA (32 & 64 windows) on HEK
cell lysates (n=3), and impact of the LC gradient length (same instrument).

DDA 32 DIA [ 64 DIA

Number of proteins
=t = I DM

o O o O N

o O O O O
o o o o o O

H B i
o
.

30 45 60 90
Gradient lenght (min)

DIA outperforms DDA in terms of detectable peptides and associated proteins as well
as measurement reproducibility (Bruderer et al., 2015 & 2017, Kelstrup et al., 2018).

22
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BIOASTER

DIA Workflow
Samples —
- Pool samples Data Independent
- Trypsin digestion Analysis

- Extensive fractionation

!

l il Spectronaut™

4 BioTracs-Polaris ) |‘ Pathway analysis

And o
Generation of MSF search result file .
to serve as Spectral library \MYI Ine / e

- J

Fully operational
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|l BIOASTER
Application in an European Project — GNA NOW /lm|/ ‘
g. \ ‘

ANA Under the global umbrella of IMI’s AMR Accelerator, the Gram-Negative Antibacterials
NOW NOW (GNA NOW) Consortium is a six-year project aimed at bringing together key

® European and private experts in antibiotic dis covery and development.
. Candidate to IND
Sl ey b (Investigational New Drug) m
NOS0-502 (WP3) (]
odilorhabdin

Phase Il ready drug

NOSO0-2G (WP4) @D @ Preclinical candidate
odilorhabdin

CORRA (WP5) S = :
corramycin . Clinical candidate

N
X
BIOASTER é Metabolomics & Proteomics for Mode of Action deciphering

MICROBIOLOGY TECHNOLOGY INSTITUTE
e "
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Omics strategy BIOASTER

NOW Microbiology
~.{ E. coli ATCC 25922 ~—

/ Metabolomics \ / Proteomic \ / Peptidomic \

Sample preparation Sample preparation Sample preparation
§ |
i
Y-
Analysis Analysis
Intracellular
Extracellular UHPLC-MS UHPLC-MS
Lipidomics/HILIC NMR
UHPLC-MS M
e
ot
/ Bioinformatics
Data pre- "
processing Rl i ) . .
: - roject ongoin
= j going
. Discriminant . 7T Results soon !
] analyses E
‘ [ P —

= ‘ Markers ID /
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