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1. Deep knowledge of product under investigation
2. Tight control of analytical tools and sample preparation steps
3. Real-time, GxP compliant, reporting of selected PQAs

4. Confident detection of changes




MAM Workflow @ NIBRT
Y MY =

Sample dilution Reduction and alkylation Buffer Exchange  Protease digestion UHPLC-HRAMS analysis Data Processing and reporting
—J N e S | Phase I: Discove Sequence %{"
i \ 2% Bio-Spin® P-6 > e ee = (MS/MS) overage b
% Vv = ¥ columns -l v Workbook

rgeted attributes

L s \ H i
atiee ) onitoring
d = Characterlzatlon
Processing method for \ W peak
target components tection (NPD)
monltormg

T‘Z:::

RP/SEC/CEX/PrOA MS Vanquish™ UHPLC Deconvolution an.d |d.ern‘.'|Mf|cat|on
s s Thermo Scientific
k Orbitrap Exploris™ 240 . )

Thermo Scientific™
Chromeleon™ CDS

Th

Homogenizer

BioPharma Finder™ v. 4.1

Thermo Scientific™  Ther Monitoring
Vanquish™ Flex Exp / : Report
wiseccexron s eporine
(st

l A

" [EIHJ

k Carillo et al. EJPB, 2022
: l\ ,I ? / N - //
Thermo Scientific™ Werkbask

Ardia™ Platform

V4
w H il GOLD™ Peptid o
J” ypersi eptide Q nlbrt




1. Bringing bioanalysis into early-stage -

2. New modalities

3. Sustainability goals (EU REACH Regulation)

2{ my green lab.
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Analytics are the bottleneck to accelerate drug and
process development

* Long analysis

* Low high-throughput
* High sample demand

Points of concern to scale-down
* Dynamic range

e Sample loss

* |Instrumentation
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Based on data available in the lab,
—— T we investigated feasibility and

‘g’?.a transferability of MAM for 1gG

B e sample amounts produced by and

= high producing and low producing

cell line cultured in 96-well plates.
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MAM to assist clone selection
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Antisense oligonucleotide
(ASO) therapy uses short,
synthetic strands of
modified DNA-like
molecules to target and
alter messenger RNA
(mMRNA), thereby changing
protein production to
treat diseases

Antisense oligonucleotide
Aptamer
siRNA
Mixture of single-stranded Inotersen
oligonucleotides Golodirsen
Viltolarsen
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Patisiran
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1998

Mipomersen
Eteplirsen
Nusinersen
Defibrotide

Pegaptanib

2013-2016 2018-2022

Adapted by Jun Jo et al. Int. J. Mol. Sci, 2023
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e Synthesis imperfections (n-1, n-2, n-x, n+1, n+2)

e Sequence verification with modifications

* PO impurity from PS modification — Could be any of the positions
e Deamidation
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IP-RP-MS/MS analysis using HFIP and PA using DNAPac RP column and Orbitrap Exploris 480
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Deconvolution with Sliding Window allows to process Full MS data to obtain accurate
guantitation of impurities with up to 0.1% abundance even for non-fully resolved peaks.
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ASO Therapeutics: Compliant reporting
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GLP-1 receptor agonist
therapeutic peptides
have emerged to become
some the world’s largest
selling drugs.

Samples of GLP-1
peptides from different
vendors analyzed by
LC-MS using simple linear
gradients of water and
acetonitrile containing
formic acid.

Biologics
11%

Peptides 6%

Small molecules
83%

Drug Discovery Today 28, 103464 (2023)

Aib=0-aminoisobutyric acid

Semaglutide

Liraglutide

| chelated peptides

‘ Conjugated peptides

Cyclic peptides

Linear peptides

(b)

w

0

1940-49 1950-59 1960-69 1970-79 1980-89 1990-99 2000-09 2010-19 2020-22

Semaglutide Liraglutide
M 4111.1143 3748.9459
m/z, z=+2 2056.5644 1878.4802
m/z, z=+3 1372.3787 1250.6559
m/z, z=+4 1028.7859 938.4898
chemical
formula C187H291 059N45 C172H365051N43

modifications

Lys20:

C18 diacid y-Glu (AEEA),
AEEA: 2-(2-(2-
aminoethoxy)ethoxy)
acetic acid

Lys20:
C16 palmitoyly-Glu
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MAM workflow for GLP-1 agonists

_ RP-LC with
RP-HPLC with UV High Resolution Mass Detection

Multiple workflows are required for quality control of GLP-1
analogs

=
o
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Digestion e LC-MS

@ ) .. EEE—)
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©
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(=2
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N
o

Relative Abundance

N
o

0
Peptides with and without modifications ‘ fime-(min)
GLP-1
analog ﬁ—’ 1. Targeted approach 2. Untarget.ed
Sum of all species = ) a ‘ ] - X0 ——
product quality attributes 3 & A

(PQA)

Relative Abundance

Time (min)

Impurity Quantitation New Peak Detection (NPD)
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MAM workflow for GLP-1 agonists

STEP 1: STEP 3:
Product characterization with MS/MS

A‘%A‘E?‘i
T T

-
-

* Unambiguous sequence confirmation
* Identification of amino acid modifications
and sequence truncations ‘
° STEP 2: .
* Generation of target list in target

workbook format

* Quantitative assessment

Monitoring of known modifications

=y
‘ A
New Peak Detection EE

* Assessment for Reporting
unkwnown/unanticipated species

7 7

\Nﬁ

3

—
/

I

N\

.

e
T
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1029.0339

z=4

1029.5343

Peptide characterization with EThcD
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MAM workflow for GLP-1 agonists
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MAM workflow for GLP-1 agonists
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* MAM potential goes beyond QC environment and can facilitate
biotherapeutics production for the whole life cycle.

* New modalities and sustainability goals are bringing new analytical
challenges, but improved instruments and workflow robustness can
accelerate method transfer in routine analysis to improve drug safety at
any production scale and stage.

* MAM approach has huge potential for analysts with little MS expertise
even outside industrial settings (regulatory agencies, law enforcement).

& nibrt



Acknowledgments

Silvia Millan Martin
Corentin Beaumal
Anna Mulligan
Felipe Guapo Melo
Jonathan Bones

Kai Scheffler
Cong Wang
Catharina Crone
Kelly Broster
Ken Cook

Ulrik Mistarz

n i b Y t ThermoFisher

SGCIENTIFIG

The world leader in serving science

National Institute for
Bioprocessing Research
and Training

A nibrt



