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Types of Antibody-based Therapeutics

Cimzia (certolizumab pegol) Cimzia (certolizumab pegol)
Lucentis (ranibizumab)
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mADb Fab fragment % PEGylated mADb %

Antibody-drug conjugate
Kadcyla (trastuzumab emtansine)
Adcetris (brentuximab)

Fusion protein

Enbrel (etanercept)
TNF receptor-Fc fusion

Bispecific mAb

Removab (catumaxomab)
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Protein and mAb Separation by U/HPLC

Thermo Scientific™
MAbPac™ SEC-1
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Effect of Tubing on 7.8mm SEC at 1.0 ml/min
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Bevazizumab mAb with a 4mm SEC Column at 0.3 ml/min
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Effect of Solvent on SEC with Rituximab
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The Effect of Solvent Addition in HIC Chromatography

UV Absorbance (mAU)
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Lactalbumin has a strong calcium binding site.

Conventional (isocratic) HIC
e Protein maintains 3D structure.

» Addition of 5% IPA

* Protein denaturation.

 Number of exposed hydrophobic
groups increases.

« Addition of Ca?*and IPA

3D structure iIs maintained.

* Retention decreases due to partitioning
and effect of using a stronger solvent




Peptide Mapping Workflow Overview

Sample
Preparation

Sample

Analysis

Data
Analysis

- SMART digest

- Peptide separation over or C18 column using the
Thermo Scientific™ Vanquish™ UHPLC system

- Mass spectrometric detection with full scan or full
MS/ddTopX method

« Thermo Scientific™ BioPharma Finder ™ 1.0
software
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Thermo Scientific™ SMART Digest™ Kits

« Simple, three step protocol

* Quicker than in-solution
digestion

- M‘*]"\Q“-’b":‘m- FL-T-ImHIFFEEI.iEI‘I.'Wl _ .
JIYYS -\F)a . e - - Reduces operator variability
Y (EREEEED o
° * Increases reproducibility

 Higher throughput
* Ability to automate

From this...

Quantitate
Protein - Denature = Reduce —» Alkylate —» Digest with Trypsin

Concentration

To this...! Heat Denaturation —

i ific ™™
Add protein sample Incubate and shake Thgmﬁ?:ﬂegtgig
to SMART Digest === SMART Digest === . o it qe/fifter \ e
tube tube (optional)
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Overlay of different mAb Digests on the Vanquish System
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TICs obtained from Peptide Mappoing Experiments of Rituximab
Applying gradient lengths of 30, 20, 13, 8 and 5 min,

Standard Method e .
90.23 30 min Sequence
10.59 ' gradient Coverage of the
2.73 ™ 0.4 mL min-t mAb
T | 200bar, 100%
10.78
14.52 20 min gradient
7.99 0.4 mL min-t
2.70 600 bar 100%
PN U e N
6.97
9.43 13 min gradient
5.20 0.6 mL min-t
1.86 850 bar 100%
4.4 6.02 : :
8 min gradient
3.35 1.0 mL mint
1.13 :
1150 bar 100%
3.12 Thermo Scientific™
5 min gradient Acclaim™ 120 C18 column,
1.1 mL min- 2.1x250 mm, 2 -45% ACN +0.1% FA, 100%
1300 bar 60 °C
T — 1 T T T
5 10 15 20 25  Time min]
AN 1135: High-Throughput Peptide Mapping with the Vanquish UHPLC System and the Q Exactive HF MS
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Charged Variant Analysis Workflow Overview

Sample
Preparation

Sample
Analysis

Data
Analysis

- CX-1 pH Gradient Buffers, 10 X concentrated J

« MAbPac SCX RS columns

\

- Thermo Scientific ™ Vanquish™ Flex and h
UltiMate™ 3000 BioRS System

- Automated desalting on Polymeric RP y

~

- Thermo Scientific ™ Q Exactive™ Orbitrap Mass

Spectrometer
- Full scan method
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Charge Variant Analysis

lon ExchangeElution - Cation Chromatography
Salt Gradient pH Gradient

Increasing
Salt

lon Exchange Charge lon Exchange Charge

ThermoFisher
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LC Systems for Bio-Therapeutic Protein Analysis

Vanquish™ UHPLC and Vanquish™ Flex UHPLC systems UltiMate 3000 BioRS system

- )

High Resolution,
Cooled Fractionation

Highly specific
Workflows

mStandard
(biopharma)
applications

Distribution of applications
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Comparison of pH Gradient Buffer Systems

In house buffer system 1 1 In house buffer system 2
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Equilibration Times on a 150mM long Column
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Linear Gradient Cetuximab ,Bad Buffering*
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pPH Profile using a Home Made Buffer System on a 50mm Column
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Generic Linear pH Gradient with the Vanquish System

pH 5.6 to 10.2 in 10 minutes




Example 2/5: Infliximab — Vanquish System fast Gradients

o e e o v ey -
bl

P P T s

T
..... —
__________
______
o

3 steps method development

1. 10 minutes 0 = 100% B in
10 minutes

2. 20>40% B in 5 minutes
3. 18=>27% B in 0.8 minutes

i

e : = = &

* Number of charge variants and resolution maintained for
sub-minute gradient




Intact and native Protein Workflow Overview

Sample
Preparation

- Protein A, IEC pH-gradient, HIC, SEC, enzymes

- Vanquish Flex and UltiMate 3000 BioRS System
- Automated desalting on Polymeric RP

Sample

Analysis

- Q Exactive Orbitrap Mass Spectrometer
- Full scan method

Data
Analysis

« BioPharma Finder 1.0 software

) )
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Wide Range of Bioanalytical Characterization Methods

Initial separation

MS Transfer




In-depth HRAM Charge Variant Characterization

1st dimension: IEX pH gradient + 2"d dimension: Polymer RP-LC/MS
fraction collection

Peak5 - 1.

24



Global Analysis of Intact mAbs

60
Column: MAbPac HIC-10, 5 um
Format: 4.6 X100 mm
Mobile phase A: 2.0 M ammonium sulfate, 100
50~ mM sodium phosphate, pH 7.0
Mobile phase B: 100 mM sodium phosphate, pH
7.0
Gradient:

40 Time (min) %A %B
5 -5.0 60 40
< 0.0 60 40
E 1.0 60 40
L 30 15.0 0 100
G 20.0 0 100
2
_‘2 j Temperature: 30 °C
<50 \__ Flow rate: 1.0 mL/min

Inj. volume: 2 pL (4 mg/mL)

l\\ Detection: UV (280 nm)
Sample: mAb1l
mAb2
10 N mAb3
v mAb4
j L mADb5
0 Jr
l | | l l
0 4 8 12 16 20
Retention Time (min)
ThermoFisher
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Aggregate Screening using the MAbPac SEC-1 Column

Column: MAbPac SEC-1, 5 pm,
(@) mAb monomer Dimension: 7.8 x 300 mm
20.0+ Mobile Phase: 50 mM sodium phosphate pH 6.8, in 300 mM
sodium chloride
Flow Rate: 760 pl/min
400 - Inj. Volume: 10 pL
Temp.: 30°C
Detection: 280 nm
200 - Sample: mADb (1 mg/mL)
-
<=L
E
200 1
Aggregates
10.0 1
[]-[] a J\L \‘
0.0 25 50 75 100 125 150 180
min
o6 ThermoFisher



Method Speed up of mAb Aggregates with HIC Column
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Column: MAbPac HIC-10, 5 um

Format: 4.6 X100 mm

Mobile Phase A: 2 M ammonium sulfate, 100 mM
sodium phosphate, pH 7.0

Mobile Phase B: 100 mM sodium phosphate, pH 7.0
Gradient (a Time (min) %A %B

-5.060 40

0.06040

1.0 6040 15.0 0 100

20.00 100

220 4

Absorbarce maLl

100 =

Gradient (b) Time (min) %A %B
-5.060 40

0.06040

1.06040

29.00100

34.00 100

Flow rate: (a) 1.0 mL/min

(b) 0.5 mL/min

Inj. Volume: 10 pL (4 mg/mL)
Temp.: 30 C

Detection: UV (280 nm)

10

15 20
Retention Time (min)

25
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Separation of Oxidized mAb on MAbPac HIC-20

60 -
Native mAb
/ Column: MAbPac HIC-20, 5 um
Format: 4.6 X250 mm
50 | Mobile phase A: 2 M ammonium sulfate, 100 mM
sodium phosphate, pH 7.0
Mobile phase B: 100 mM sodium phosphate, pH 7.0
Gradient:
40 - Time (min) %A %B
=) -6.0 50 50
E 0.0 50 50
> o 2.0 50 50
830 Oxidized 30.0 0 100
3 variants 35.0 0 100
(@)
.j-: — Temperature: 30°C
20 1 Flow rlate: 0.5 mL/rT:jin ) ( )
A Inj. volume: Untreated mAb: 20 pL (1.25 mg/mL
H,0, oxidized mAb — Oxidized mAb: 20 pL (1.25 mg/mL)
Detection: UV (280 nm)
Sample: Untreated mAb
107 H,0, oxidized mAb
0
\ \ T \ 1
10 14 18 22 26 30
Retention Time (min)
- ThermoFisher



Separation of cys-linked ADC on MAbPac HIC-Butyl

407
DAR 4 Column: MAbPacHIC-Butyl, 5 um
Format: 4.6 X100 mm
Mobile phase A: 1.5 M ammonium sulfate, 50
mM sodium phosphate, pH 7.0/
301 isopropanol (95:5 v/v)
Mobile phase B: 50 mM sodium phosphate, pH
7.0/ isopropanol (80:20 v/v)
=) Gradient:
T Time (min) %A %B
= -5.0 100 0
[}
2 20 DAR 2 0.0 100 0
3 1.0 100 0
2 15.0 0 100
2 20.0 0 100
Temperature: 25°C
101 Flow rate: 1.0 mL/min
DAR 6 Inj. volume: 5 uL (5 mg/mL)
— Detection: UV (280 nm)
DAR O DAR 8 Sample: Cys-conjugated ADC mimic
(00 o | v
[ I [ I |
0 4 8 12 16 20
Retention Time (min)
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RP Separation of Unmodified mAbs and ADCs

12.0
1@
Column: MADbPac RP, 4 um
Herceptin Format: 2.1 x50 mm
Mobile phase A: H,O/TFA (99.9: 0.1 v/v)
Mobile phase B: MeCN/ H,O/TFA (90: 9.9 :0.1 v/v/v)
5.0
. MS raw data
2
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9(: ,_nD_ DAR 2 ;i:?‘; ,\J\i a067.48 Cop oo gl|3T1e! 3‘393'13\:84?.: i 319026 ;:;F:Zd,\ A
[m) <t 5 3083.76 3083.8.
o ™ ‘ 026.44 3087 05 150 02 3215.53
DAR 3 Jrn 3p4pz2 306862 10 31157_331 313:\0' Ml 218615 ::j"“ Allg ,\3224313248-‘13
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Comparison of two different Levels of Drug-Antibody Ratio (DAR)

RELATIVE INTENSITY

144270.982

144921 982

0

145169.882

52 | 145354 582

Mirror plot of two ADC samples
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A A
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¥
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4

Y
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5
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BioPharma Finder™ 1.0
Mass informanics Platform for Protesn Charactenzation
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mADb and mAb Fragments Analysis — Reversed Phase

] mADb
140 (a)
1 Column: MAbPac RP, 4 um
Format: 3 x50 mm
Mobile phase A:  H,O/FA/TFA (99.88 : 0.1:0.02 v/v/v)
Mobile phase B: MeCN/ H,O/FA/TFA (90: 9.88
20 - :0.1:0.02 v/viviv)
go.0 t Gradient:
(b)) &\ 2 Time (min) %A %B
50.0 T W 0.0 80 20
. )ﬁ( 1.0 80 20
) 11.0 55 45
< 12.0 55 45
"0 -100 14.0 80 20
2 90 15.0 80 20
38
o _ [ Temperature: 80 °C
2 Flow rate: 0.5 mL/min
< Inj. volume: 5uL
R Detection: UV (280 nm)
10 F Sample: (a) trastuzumab (5 mg/mL)
100 } F(ab’), (b) trastuzumab + DTT (4 mg/mL)
. (c) trastuzumab + Papain (2 mg/mL)
. (d) trastuzumab + IdeS (2 mg/mL)
50 T “ sch
-10 fr T T T T t + '
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0
Retention Time (min)
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Full MS Spectrum of an Intact Antibody (mAb) Rituximab
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