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Antibody Therapeutics — An Analytical Challenge

Heavy chain

Antibody

Monoclonal :
Antibody drug

antibody
(MmADb) drug
conjugate
(ADC)

conjugate

Characterization
* to ensure proper biomanufacturing of the therapeutics

* to ensure critical quality attributes (CQA’s) of a product are identified
Modifications, impurities, immunogenicity, efficacy, DMPK

* to ensure these CQA'’s can be routinely measured
Mass spectrometers, separations, software, reagents

Deamidation (+1 Da)
Oxidation (+16 Da)
Disulfide bond scrambling
Sequence truncation
Change in glycosylation

Low abundance host cell
proteins

Low abundance sequence
variants

Aggregation, protein complex
Drug Antibody Ratio’s

Linker measurements

Bound vs unbound drug

etc
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MS Tools for Major Biopharma Characterization Workflows

Thermo Scientific™
Q Exactive™ MS
Family

ol

For all the routine

characterization workflows:

intact/top-down, bottom-up,
glycan, etc. qualitive
and quantitative.

dhos g

ProSightPC'™ 3.0

Thermo Scientific™
Exactive™ Plus EMR MS

| ¢

Native MS to analyze large
protein complex while
preserving non-covalent
interactions: antibody-antigen
complex, ADCs, antibody
mixtures, etc.

Thermo Scientific™
Orbitrap Fusion™ Tribrid™
MS Family

From routine to the most
challenging tasks. The most
advanced technology that
provides the most
comprehensive solutions.

PraSightPC™ 3.0
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The Orbitrap™ in Hybrid and Non-Hybrid Systems
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The Orbitrap Principle
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The Thermo Scientific™ Vanquish™ UHPLC System... A Perfect Front-end!

Vanquish Platform

* Improved retention time precision

* Biocompatible by default

* Increased sample capacity

* Intelligent sample Pre-compression %
* Improved sample cooling .

* Multiple heating modes .

* Active and passive pre-heating g

* 4 Detection options w R

- Enhanced LC/MS control with Sii and Chromeléon
* Viper™-based, tool-free fluidic connections

|

Vanquish Vanquish Flex
* 1500 bar compatible system * 1000 bar compatible system
* Binary pump (HPG) * Quaternary pump (LPG)
» Ultra low Gradient Delay Volume * Medium Gradient Delay Volume

Separations based on power Separations based on chemistry
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Antibody Characterization Roadmap
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Major Characterization Workflows

Characterization of intact antibody and related products

___I Intact mAb and ADC mass measurement

Sub-Unit Analysis

. Top-down and middle-down sequencing




Intact mass Analysis
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LC-MS

BioPharma Finder™ 1.0
Mass Informatics Platform for Protein Characterization

19G
(150 kDa) (LC: in native or denaturing

conditions)

Output

 Confident deconvoluted molecule weight.

* Identify glycoforms using the intact mass.

* Identify Antibody Drug Conjugates (ADC).
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BioPharma Finder™ 1.0

1L Thermo BioPharma Finder 1.0 EI
E3
Thermo BioPharma Finder e

) Select an experiment type.

Experiment Types A powerful tool for in-depth characterization of biotherapeutic proteins. It automates the analysis of LC-MS

and MS/MS data to provide identity and relative quantitation of proteins, variants, and low level post
Protein Sequence Manager translational modifications (PTMs). Using the industry-leading, high-resolution, accurate-mass Thermo
Scientific™ Orbitrap™ technology with BioPharma Suite, the most accurate and confident PTM profiles and
identifications can be achieved more quickly than ever before.

Peptide Mapping Analysis

One software package for

Intact Protein Analysis v T

* Protein Sequence
Management

» Peptide Mapping

* Intact Analysis

Peptide Mapping Intact Protein
Analysis Analysis
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BPF 1.0 — Protein Sequence Manager

Protein Sequence Manager

Saves time

Starting point for the software.

Database for storing protein
sequences similar to Proteome
Discoverer.

Both peptide mapping and intact
analysis workflow choose protein
sequence from this central location.

Easy to use

Import FASTA file or paste the
sequence into a text box.

Define multiple chains (e.g. two light
chains, two heavy chains).

Define disulfide bonds (information
used for intact analysis)

Choose fixed modifications

Select variable modifications and list
of possible glycosylation structures.

User definable default modification
list.

| L. Thamo BicPharma Finder L1

Thermo BioPharma Finder
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BPF 1.0 — Intact Protein Analysis

Intact Protein Analysis

Determine profiles of intact masses

Automated processing, simplified results and
improved quantitation

Sliding window algorithm for improved
ADC analyses and complex data sets

Target protein sequence matching — identifies
n-linked glycoylations and other common
modifications.

Native MS

lon trap support (ReSpect™ deconvolution
only)

Sliding Window Deconvolution

Produces a single deconvoluted spectrum of
all components in the sample regardless of
elution time or profile

Eliminates the need for the user to define the
source spectra for deconvolution.

Works for both simple and highly complex
protein mixtures

Removes the challenges of chromatographic
peak picking

Works with Xtract™ and ReSpect
deconvolution
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Intact Protein Analysis

Fast Glycan Analysis of Rituximab with MSPa alti i * A fast 4 minutes desalting method for high
throughput glycan characterization.

For more « Intact mass and the relative glycoform
Separatio n power ' abundance of a mAb within 5 minutes.

use MAbPac-RP 2727,6373 « In-depth characterization for glycoforms

B

detection below 1% relative intensity.
2539.6085
N\ .
ri5a.0930 * Broadly applicable to other mAbs and
\ s133.7204 2639.0313 || 2686.9898 2736.6308 similar biopharmaceutical compounds.
23758333 [3272'9270 n j’f’ h
7 e /
2201.0665, / /
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| : Q GOFIGOF GOFIGLF or (GIF), GIF/G2F GaF/G2F o :::>_._._ i O{:::>'-'=‘
' (G1F/G2F)SA1L
Mans/Go (G2r/G2r (G1F02F) (Gor/c2r
)SA1 )SA2
(Man5), GOIGOF &2 G2FSAL 0{&:::;.'.'3'

Man5

i

Carbohydrate structures commonly observed on antibodies.

Download Application Note 21465: Fast online desalting of mAbs using a reversed phase desalting cartridge for LC-MS analysis
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MS of Intact Lysine-linked ADC
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BioPlarma Findes™ 1.0
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Separation of ADC

by Reversed Phase
for direct coupling with MS

by Hydrophobic Interaction (HIC)

40 e ('
Cﬁ%,{j’; \W(/ DAR 4  MAbPac HIC-Butyl (polymer, non-porous)
MNAE D“s‘«_‘é}'c MvE 2 3 MAbPac HIC-10 (polyamide, silica, 1000A)
; S = 30| Cys-linked MAbPac HIC-20 (alkylamide, silica, 10004)
1 ADC mimic
50001 - o
EUV g Phenyl RP chemistry 2 Applications:
4000*; o~ o super-macroporous 520 DAR 2 ADC, mAb Fl’agments and Aggregates
2000] 95:: polymer particle (1500A) § Oxidation and Disulfide bridge variants
] —— _g
D ] S
< 2000° T - ultra-low carry-over 2
=] S - pH 0-14 stabile <10
10007 -upto 110° C
] DAR 0
0 1
] ol
-1000]
20 25 30 35 40 45 50 55 60 65 70 7.5min 4 8 12 16 20 min
MAbPac RP (4 um) 2.1 X 50 mm MAbPacHIC-Butyl (5 um) 4.6 x 100
mm
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MS of Intact Cysteine-linked ADC

A

DAR 8

N

Only for these 3
isomers the LC
and HC are still
linked through

covalent bonds.

=== |nter-chain disulfide bond

® Linker+ drug
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Native MS using Exactive Plus EMR

Performing native MS

* An ESI compatible volatile solution with

near neutral pH is used to prepare protein

samples.
e.g. 50 mM ammonium acetate pH 6.9

Under these conditions, the ionized proteins
carry fewer charges than those produced by
ESI in acidic, denatured condition.

Therefore, in native MS, protein ions are
detected at a significantly higher m/z
range (>5000 -10,000 m/z for antibody
complexes) than conventional MS in acidic
condition.

Exactive Plus EMR

Extended mass range up to m/z
20,000

Unmatched Desolvation using in-
source CID and in HCD cell

Improved high mass transmission for
large protein assemblies

Relative Abundance

N & 0 @ 0 N A O ® O
S SRS HTS RN CUN A UL ST U AT AT

641047
6701.82
555555
7020.98
5670.63 “
A T U
6000 7000

m/z
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Native MS of an ADC Brentuximab Vedotin

Raw spectrum

Deconvoluted spectrum
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Major Characterization Workflows

Characterization of intact antibody and related products

Intact mAb and ADC mass measurement

Sub-Unit Analysis

Top-down and middle-down sequencing

19



Reduced Rituximab
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Rapid Subdomain Analysis of NIST mADb

100 2=20
} ] 7=20 7=18 \
. Fusion Lumos R=240,000 8507 - .
5 60
€ <
< \ \ £47 -
DA M ]
ll 0-
0 g ' L— \I l‘ L T b T 1284.5 1285.0 1285.5 1286.0 1286.5
1000 1100 1200 1300 1400 15:]?20 600 1800 1900 2000 miz
25668.840 Xtract™ deconvolution
25540.602
1007 Ml o NISTmAb Fd\
o0 23109.298\ 1XA2G2F
i NISTmAbLC Matched Delta Relative
80 Match n
o] ml 25378.545 AR W e | cbumdames
E m. C
2 607 1xA2G1F
é 50 5% Fd 1.05 100.0000
i Aml T e LC 2.50 86.4514
20 1xA2GOF Fc;1xA2G1F 2.34 34.9027
10 L 1 Fc;1xA2GOF 2.47 34.8168
O a0 | 23800 | 24000 h;azégob "800 25800 Fe:1xA2G2F 2.48 3.6534
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Major Characterization Workflows

Characterization of intact antibody and related products

___ Intact mAb and ADC mass measurement

Sub-Unit Analysis

___| Top-down and middle-down sequencing

22



Top-Down Sequencing

Main parameters that can be controlled for ETD fragmentation on an Orbitrap Fusion mass spectrometer

e Isolation window » AGC target for precursor ions and reagent
600 Da Isolation window ° React|0n t|me
300 Da Isolation window
H 10 Da Isolation window H
. » Supplemental energy
90 QIZEG
i 066.6

80 8692 1|| | 10676 16 -
L ii 1173 214 - -+5ms
é 80 838.2 i E 'g 12 - #20 ms
g w i e S 10 - +35ms
= 809.4 i1 o
B 40 HE > 8
z i il | 2

30 7824 ii g 6

@ 7472 i i E’. 4

10 71194@]30 ‘ lj: e 3 E

’ 700 S 860 I o 900 1000"‘"Z 1100 1200 1300 1400 D 5OIOD 10600 15000 20000
Mass of matched ions
ThermoFisher
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Top-Down sequencing

Light Chain of Trastuzumab

ETD settings: 300 Da isolation window, 3E5 precursor, 7E5 reagent, 10 ms reaction time

82165
73063 g
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100 20 82215 85040 30845
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c E E 5, ot | 83145 839.08 28841 [ z=4 885.00 889.71
3 603 = : —_— 50 €27
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£ 504 it
o 3
§ 40
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® 303 ——
3 44817 -
3 g
2 = 129
3 51303 I 1755.87
3 : =7 184891
103 z=7 ! z=7 591 1964.89
=il H | =t z=?
0 T I‘ T
400 1800 2000

Due to the complexity of the spectra in top-down analysis, high resolution is required

ThermoFisher
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Top-Down Sequencing

Deconvolution
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Top-Down sequencing

Light Chain
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Improved Coverage For Top Down IgG Analysis

Light Chain (LC)
o viL MITIQITIPIL]STLIPIVISILIG Dlg A 5 1 5 CIR]S
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