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Overcoming the Risks of Bias in Biopharmaceutical Analysis Waters

THE SCIENCE OF WHAT'S POSSIBLE."

= Bias spans from sample prep to analysis to data processing to reporting.
— Systematic: Instruments/Consumables, Method Development, SOPs
— Non-systematic: Human-factors, Method Robustness

= Costs of Bias
— Accuracy of Results (Actionable knowledge)
— Assay Failure / Validation Issues
— Challenges in Method Transfer

= Overcoming / Limiting Bias
— Systematic: Better Instruments, AQbD, Quality Culture, Standards

— Non-Systematic: Automation, AQbD, Validation / Verification /
System Suitability

©2022 Waters Corporation



Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Overcoming Bias in Sample Preparation with
Automation and Smart-Connected Labs
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Manual Processes are a Challenge to Reproducible Sample Waters
Prep and Lab Workflows

THE SCIENCE OF WHAT'S POSSIBLE."

Tip Immersion Depth and Angle
To Improve

Thermo.com

Your Pipetting
Technique

Inaccuracy inaccuracy Inaccuracy
0.2-0.4% 0.6-0.8% 1-1.2%
: Immerse the Tip to the Proper
@ Pre-Wntthe Pipetta Tip: Depth During Aspiration
Aspirate and expel any
sample liquid at least 3

1. Pipette held verticall, 2. Pipette held vertically, 3. Pipetteheldata
tip immersed about 1 tip immersed about 3 30-40° angle, tip
cm into the liquid. cm into the liquid. immersed about 3-4
times bef i .3 =~ cminto the liquid.
& T ® O
= L

Effects of immersing the tip too deeply and tilting the pipette are
greater with small sample volumes, e.g., using 1=10 pl pipette.

fi o %
| |
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Andrew Alliance Connected Lab Solutions wulNaters

design & execute easy pipetting the pipetting robot

= Smart electronic pipettes = Connected liquid handling robot for

Connected Lab Ecosystem complete laboratory workflows

= Browser-controlled

Enables total lab connectivity . Automation

Reproducibility

Fully traceable experiments

= |mproving productivit
Ease of use P gp y

Compliant ready = Improving reproducibility

©2022 Waters Corporation
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OneLab - Waters

. THE SCIENCE OF WHAT'S POSSIBLE."
design & execute

Create Device Independent Protocols
T Auomaton OneLab -:-

Andrew -i- ! DESIGN

The same protocol can be

\ 4
‘ executed across different
> connected devices
\! ——

i in the lab
Shaker - Peltier - | [ EXECUTE
SRS [ S E—— \
[ Guided P Manual b Manual ]
i 7 b b i
- UM Pipette - | P :
I o . i
| & @ | = \
o o ® = :
i . L i . L i Shaker i
i Shaker -+ Peltier -+ | ] Shaker - Peltier i+ | i '
1 1 \ ,' \ l'

_________________________________________________________________________________
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B e
Automation Solutions: Adding Consistency — Reducing Effort Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Your Lab’s Most Valuable Partner

Andrew+ the Pipetting Robot ensures reproducible and
fully traceable experiments by automating tasks - from
repetitive, time-intensive pipetting to complete laboratory

- - ] -

. 2 . Standard Curve  Serial Dilution Concentration Microplate
workflows - using conventional pipettes and labware. Create a series of OneLab™calculates Normalization Reformatting
standards of increasing required volumes and OneLab’s Normalization Wizard The Andrews+™ Pipetting Robot is
: concentration in order concentrations, taking automates the production of equipped to handle a wide range of
A n d rew eseee to produce a full account of sample ion nor 1 ’ liq g op between different
< calibration curve. viscosity and dilution typically saving >80% time required for types of microplate, microtube, vials,
the pipetting robot x of samples. what is often a highly laborious process. and racked HPLC tubes.

ANTIBODY AMINO ACID RELEASED

mAb SUBUNIT
PURIFICATION ANALYSIS

N-GLYCAN ANALYSIS ANALYSIS

Waters| 24
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Andrew Biopharma Application Examples o’rrs

. . THE SCIENCE OF WHAT'S POSSIBLE."
the pipetting robot

® eesese
LR
mteeeee,

Deck layout
® m @
Narrow

GlycoWorks LC-MS N-Glycan Analysis ValitaTITRE mAb Quantification

6 oo
seee
sessese
sseses
ateesce,

Deck layout

® wide

Narrow

,!rrfrrs,

= Pipetting
= Dilution

! ! ! “.“""

Deck layout 3 g B o sE™ " —

@ i ;;:: _;.::- ;;:: oo = Normalization

Narrow

= Formatting

= Endotoxin

m— W e W

00 o000

= Heating, Cooling, Shaking,
Vacuum processing ....

96-Well PCR Master Mix Setup NucleoBond® Xtra M|d| DNA Purification

2 Waters Corporation



Waters is helping to bring all the pieces together Waters

Improving the Productivity of Glycan Analysis

THE SCIENCE OF WHAT'S POSSIBLE.

Sample Prep Separation and Detection

Automated GlycoWorks
RapiFluor-MS Preparation

» Automated sample prep
Traceability in OneLab+
Process 8-48 samples/ run
Novel chemistry labeling
Efficient fluorescence
Enhanced MS ionization

©2022 Waters Corporation

BioAccord: UNIFI glycan workflow
N om omm SYSTEMs

o L ACQUITY glycan
separation technology

» Easy to deploy and operate

* Robust performance

* One-click start-up

* Minimal training & low maintenance
* Qualification supported

* Ready to use workflow
* Automated

» Compliant ready

* Full audit trail
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>. Bias in Biopharmaceutical
and LC-MS Analysis
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Reducing Unwanted Analyte Adsorption and Secordary Interactions: Wo’rers
Ethylene Bridged Hybrid (BEH) Particle Technology

Bridged Ethanes within a

silica matrix = Chronographic media contains a
high percentage of total LC
surface area.

BEH Technology"

= Negatively charged silanols on
traditional silica particles interact
with basic groups leading to poor
recovery and poor peak shape.

= QOrganic-hybrid particles enabled
stronger particles, wider pH
stability and vastly reduced silanol
activity.

E10
X
\0/5 ~o—5 Et
o8

Polyeth

neS ivll =
(BPEOS] [TEOS] (BTEE)

Anal. Chem. 2003, 75, 6781-6788 U.S. Patent No. 6,686,03E
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BEH Catalyzed the Development of a Portfolio of Innovative f

2 . . e ers
Chemistries for Biopharmaceutical Characterization

Glycans & Glycoproteins

Proteins

Oligonucleotides

Peptides . — ’ 'Released Glycan

and Glycoprotein

— Intact Protein VTP 009
' Separations
AccQeTag™ Ultra Synthetic Oligo (RP. SEC. [EX) 2008+

Chemistry B (IP-RP) 2007
Peptide Mapping
Synthetic Peptide 2006
e .

Turn-Key Solution for Amino
Acid Analysis, 2006 BEH Technology"

©2022 V aters Corporation
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Building a Better SEC Column with BEH Technology Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Bridged Ethyl Hybrid base particles combined with an effective diol bonding provide a
stable chemistry with minimal secondary interactions.

é BEH Technology~

Si/\/\ o/\(\ =

OH

Diol

©2022 Waters Corporation



Recovery of Lysozyme, a highly basic protein
Silica vs BEH SEC Patrticles

Flow rate:
Mobile phase:

0.3 mL/min
10, 25 or 100 mM

| sodium phosphate, pH 6.8
L Lysozyme, 10 mM
| 1 | 1 | 1 1 \ 1 | |
10 14 18 22 26 30 34 38 2 46 50 Min.
|
[ T I I I [ I [ T f |
5 6 7 8 9 10 11 12 13 14 15 Min.

Traditional 100% Silica-based / Diol coated, 4 pm,
4.6 x 300 mm SEC column

Mobile phase lonic Strength

10mM 25mM 100 mM

ACQUITY UPLC BEH200 SEC, 1.7 pm, 4.6 x 150mm

Significant reduction in 2" interactions

Flow rate: 0.5 mL/min; Mobile phase: 10, 25 or 100 mM sodium phosphate, pH 6.8

©2022 Waters Corporation
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Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Lysozyme pl ~ 10.5



Waters

THE SCIENCE OF WHAT'S POSSIBLE."

MAXPEAK.

HIGH PERFORMANCE SURFACES

MaxPeak™ Premier High-Performance Surfaces increase analyte
recovery, sensitivity, and reproducibility by minimizing analyte / surface
Interactions on systems and columns that can lead to sample losses
and poor separations.

©2022 Waters Corporation



Waters MaxPeak™ High Performance Surfaces better addresses the non- Waters
specific adsorption problem without creating additional complications

\/ LN
O-‘ _’P\ -
.O_. O 'p

“Fe || Ti

Iron Titanium
55.845 47.868

Metal Surface

On conventional LC systems, metal sensitive
analytes are adsorbed on to metal surfaces

©2022 Waters Corporation
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MAXPEAK.

HIGH PERFORMANCE SURFACES

Waters MaxPeak High Performance Surface is
designed to minimize metal-analyte interactions

THE SCIENCE OF WHAT'S POSSIBLE."




A Better Solution from Waters R&D Waters

THE SCIENCE OF WHAT'S POSSIBLE."
MAXPEAK. ACQUI e

HIGH PERFORMANCE SURFACES
COLUMNS AND SYSTEMS

I MAXPEAIK.

HIGH PERFORMANCE SURFACES

s arioes ] @V/h/-. )

4 B / .%?’9
M o
QuanRecovery

EMAXPEAKE™

©2022 Waters Corporation



HPS Technology: Advancing UHPLC and UPLC forward. waVaters

Routine Anaysis

Arc HPLC

HPLC Dependability

Optimized for 3.5 -5 um particles

Sample Complexity

o~
r ™ PREMIER

N
UHPLC Flexibility

Optimized for 2.5 — 3.5 um particles

: N
Acouity-
UPLC Performance

Optimized for sub-2 um particles

©2022 Waters Corporation




Arc Premier System Waters

THE SCIENCE OF WHAT'S POSSIBLE."

= Based on the biocompatible ACQUITY Arc Bio System

= Quaternary or Binary Solvent Management

= Deploy 2.5 um patrticle columns to boost the chromatographic performance
= Modernize legacy HPLC methods within regulatory guidelines

= |deal inlet for SQ, QQQ Mass Detection

= Empower and MassLynx Control

= MaxPeak HPS Technology for optimal separations of metal sensitive
molecules

= Reduce or eliminate system passivation for oligonucleotides and other metal

sensitive / acidic molecules /\l
A r “P R EMIER

Backed by Waters world-class technical and application support, with unrivaled chromatographic fidelity and informatics software

©2022 Waters Corporation



- OSVASSSE
ACQUITY Premier System Waters

THE SCIENCE OF WHAT'S POSSIBLE."

= Based on the biocompatible ACQUITY H-Class PLUS Bio and H-Class Binary
PLUS Bio

= Quaternary or Binary Solvent Management

= Deploy sub 2.0 um particle columns to maximize chromatographic performance
and minimize analysis time.

= |deal inlet for SQ, QQQ, and HRMS Detection
= Empower, MassLynx, waters_connect Control
= MaxPeak HPS Technology for optimal separations of metal sensitive molecules

= Reduce or eliminate system passivation for oligonucleotides and other metal
sensitive / acidic molecules

v Acautty <

Backed by Waters world-class technical and application support, with unrivaled chromatographic fidelity and informatics software

©2022 Waters Corporation



Increasing peptide acidic characteristics leads to increased tailing on

conventional chromatography systems

Glutamic Acid (E)
(o (0]

Aspartic Acid (D)

Acidic sidechains

Waters Corporation

Intensity (%)

Acidic Residues

- )% (VSNALQSGSSQSSVTSQSSK)
mm 10 % (VENALQSGSSQESVTSQSSK)
. 20 % (VENALQSGSSQESVTEQESK)

Ti=1.16

T T T T T T T T T 1
Retention time (min)  T;=Tailing factor

L OSAS=2
Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Acidic species in protein separation

Commonly seen due to deamidation

and other modifications

Accurate analysis required in product

characterization and PQA monitoring

Waters ACQUITY Premier Solution
designed to improve separation and

recovery of acidic species




ACQUITY Premier Column improves the separation of
acidic peptides such as the PENNYK peptide

Conventional Column / System

100 -

80 +

60

40

% intensity

20+

Main
Peak

% intensity
P29

N

04

Product Related Impurities

308 310 312 314 316 318 320

Retention time (min)

22 Waters Corporation

31.0 315
Retention time (min)

1
32.0

% Intensity

100 -

80+

60

40

20+

ACQUITY Premier Column / System

549% reduction in tailing

Main
Peak

L

Product Related Impurities

308 310 312 314 316 318 32

31.0 31.5
Retention time (min)

mAb T37 peptide: GFYPSDIAVEWESNGQPENNYK Il Acidic residues

1
32.0

THE SCIENCE OF WHAT'S POSSIBLE."

ACQuityp@a



ACQUITY PREMIER:
Reproducible Performance from Injection #1

Acid passivation does not last and needs to be repeated

Tailing Factor T37 PENNYK

22 Tonventional LC Technology:

Average T;=2.04 . o e.9..%®
2HRSD=887% e .
,.0".'....
=18 RE LA
e R
5 K
8161 @
o ) PREMIER Technology:
T 14 Average T;=1.26
° . % R.S.D.=1.01%
....................... 2..0.:9:-9..8 cecccccs
1o e "0 @ . ®
1
0 5 10 15 20 25 30 35 40 45
Time (hr)

Acid passivated metals
B ACQUITY PREMIER

©2022 Waters Corporation

Woaters
THE SCIENCE OF WHAT'S POSSIBLE.”
Area Native Deamd. 1 Deamd. 2
N=15 (%) (%) (%)
Area Avg. 94.90 2.31 2.79
————— SD 0.10 0.06 0.05 —
RSD 0.11 2.51 1.94
7_
1.6x10 T37: PENNYK peptide
SIR: 849.20 m/z
w 1.2x10" 1
c
g Mean Area = 863554
o % RSD = 0.89
2 8.0x10°
0
c
(]
£
4.0x10° A 48 hr
) 24 hr
0.0 ) t :: 0 hr
200 295 300 305 310 315 320
Retention time (min)




Waters
ACQUITY Premier Column and ACQUITY Premier System work THE SCENE OT nATS PosSIBLE”
synergistically to improve acidic peptide recovery

MS Height Response MS Area Response
2.0x10° 5
) 1.8E+05 1 4x /\
L increase PREMIER
@ . Stainless-steel col ™
§ 1o Conventionalsystem 1.6E+05 1 N
T 50x10° A
Baseline 1.4E+05 A
00 fF==="="=-~===
2.0x10° g 1.2E+05 2X
e I increase
= ) | 18Xincrease % 1.0E+05 4
% 1.0x10" ACQUITY Premier column E
£ . Conventional system ) . . . .
e g B80E+04 «  Consistent relative quantification of low level
00 fF———J72
20010 - ' ' L IR, PTM such as deamidation can be challenging
1.6x10° o 4.0E+04 A . - . .
3 o] AUy Pramie cotumn *  ACQUITY Premier solution improves consistency
E ACQUITY Premier system 2 0E+04 4 o
5010 and accuracy of monitoring low abundance
00 - 0.0E+00 4
1 1I2 1I3 1 Stainless-_sreelcolumn ACQUITY Premier column  ACQUITY Premier column PTMS
Retention time (mm) Conventional system Conventional system ACQUITY Premier system

©2022 Waters Corporation



Waters
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Maklng LC-MS Attribute Based Analysis
A

ccessible to All




Waters

THE SCIENCE OF WHAT'S POSSIBLE."

The BioAccord LC-MS System with ACQUITY Premier
The First SmartMS Enabled Biopharmaceutical LC-MS System

=
£ &£ ¥ N\

©2022 Waters Corporation



Redefining performance Waters
Purposefuny deSIQned System to address Cha”enges THE SCIENCE OF WHAT'S POSSIBLE."

BioAccord:

SYSTEMe

Easy to Deploy and Operate
» Accessible to non-MS experts, reduced training time

» [ntuitive user interface, with on-system status display
= Minimal footprint

The first SmartMS-enabled
Biopharmaceutical System

©2022 Waters Corporation



o EAANEESS
Redefining performance Waters
Purposefuny deS|gned System to address Cha”enges THE SCIENCE OF WHAT'S POSSIBLE."

BioAccord:

SYSTEMe

Easy to Deploy and Operate

= Accessible to non-MS experts, reduced training time
» [ntuitive user interface, with on-system status display
= Minimal footprint

Maximized Up-time A

. Leak Detector Sensor Not Fitted

- Au to m ate d an d C O n S I Ste nt SySte m S et u p Follow il below. Further and safety can be found in the Overview and Maintenance Guide.
» User intelligently guided to address issues

» Reduced time spent on troubleshooting

STEP 1
Open door

Please click here if you have attempted the resolution

©2022 Waters Corporation
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Redefining performance Waters
Purposefuny deS|gned System to address Cha”enges THE SCIENCE OF WHAT'S POSSIBLE."

BioAccord:

Easy to Deploy and Operate
= Accessible to non-MS experts, reduced training time
» [ntuitive user interface, with on-system status display
= Minimal footprint

Maximized Up-time The first SmartMS-enabled
*= Automated and consistent system set up Biopharmaceutical System
» User intelligently guided to address issues

* Reduced time spent on troubleshooting nstrement Heakii] Gibin Masdy

Setup Control

@
=

Il Stop

Confidence in Data Quality

1 g - Caliorating instrument
» System ensures it always runs at required performance [ ————————
= Generate good data for every injection
= Prevent wasting samples

©2022 Waters Corporation 30



waters_connect: New Applications for Peptide o’rers |
MAM and Intact Mass Analysis

Supplementing the core
UNIFI application workflows

{&- waters_connect HUB

- Intact Mass

- Peptide Mapping

- Released Glycan

- Accurate Mass Screening

""S:J Peptide MAM

Released Q4 2020

@ INTACT Mass

New for 2022

©2022 Waters Corporation 31



Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Harmonizing Workflows across Development, Manufacturing & QC
ENSURING DATA INTEGRITY, OPERATIONAL EFFICIENCY AND SCALABILITY

Characterization Attribute Monitoring

.@_

waters _connect

QC Release

Attribute Characterization
LC-MS platforms

Deployable LC-MS systems
in (cGMP) attribute analysis labs

L L
BioAccord Systems

CXEB |ctwork Server
w Data &

e SCiENtIfiC Library

Xevo G2-XS Qtof -

Users / Client PCs Qi

Apps

Intact Mass

Peptide Mapping
Released Glycans
Accurate Mass Screening

UNIFI app Peptide MAM

INTACT Mass

v Integrated compliance-ready data acquisition, processing and reporting
v A shared ecosystem that enables data traceability and transferability

©2022 Waters Corporation



Characterization: Identifying product quality attributes
Case study: NIST mAb peptide mapping

NISTmAb

= RM8671

= Sample digested
with trypsin
following reduction
& alkylation

©2022 Waters Corporation

Chain 1

Chain 2

4e6 2:T6+H"

3eb-

no

o

o
1

BPI [Counts]

1e6-

8.60

1T6+H"
5.63

1:T30+H"_

15.20

1T21+H"
15.89

_2T5+H"
18.46

1:T23+H™
2337

[ 1T13en

2342

_2T15+H
26.01

1:T38+H™”
32,74

Chromatogram (BPI)

1:T26+H"
3433

1:T4-5+H"
37.86

1T12+H
4545

48.50

DIQMTQSPST
TLTISSLQPD
REAKVQWKVD
GEC

OVTLRESGPA
ISKDTSKNQV
GTAALGCLVK
NTKVDKRVEP
YVDGVEVHNA
VYTLPPSREE
QQGNVFSCSV

25

30 35

. Retention Time (min)

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Identify and map
product quality attributes
___e.g.1:T21 DTLMISR

LSASVGDRVT
DFATYYCFQG
NALQSGNSQE

LVKPTQTLTL
VLKVTNMDPA
DYFPEPVTVS
KSCDKTHTCP
KTKPREEQYN
MTKNQVSLTC
MHEALHNHYT

ITCSASSRVG
SGYPFTFGGG
SVTEQDSKDS

TCTFSGFSLS
DTATYYCARD
WNSGALTSGV
PCPAPELLGG
STYRVVSVLT
LVKGFYPSDI
QKSLSLSPGK

YMHWYQQKPG
TKVEIKRTVA
TYSLSSTLTL

TAGMSVGWIR
MIFNFYFDVW
HTFPAVLQSS
PSVFLFPPKP
VLHQDWLNGK
AVEWESNGQP

KAPKLLIYDT
APSVFIFPPS
SKADYEKHKV

QPPGKALEWL
GQGTTVTVSS
GLYSLSSWT

SKLASGVPSR
DEQLKSGTAS
YACEVTHQGL

ADIWWDDKKH
ASTKGPSVEP
VPSSSLGTQT

FSGSGSGTEF
VVCLLNNFYP
SSPVTKSFNR

YNPSLKDRLT
LAPSSKSTSG
YICNVNHKPS

KDTLMISRTP
EYKCKVSNKA
ENNYKTTPPV

EVTCVVVDVS
LPAPIEKTIS
LDSDGSFFLY

HEDPEVKFNW
KAKGQPREPQ
SKLTVDKSRW

High quality sequence coverage 94% with, Mass error £10 ppm, Containing 23 b/y fragment ions



o AENAERE
Transfer selected product quality attributes Waters
from characterization to the scientific library

' Protein name Fragment label Peptide 1 Modifiers Observed RT (min) Observed m/z Observed mass (Da) Mass error (ppm) Response Matched 1st Gen Primary...
14 NISTmAb 1121 DTLMISR 15.90 418.2206 8354340 -0.3 26678350 8
15 NISTmAD 1T21& DTLMISR Oxidation M [4] 13.10 426.2169 851.4266 -3.0 1134178 4

Characterization / Peptide mapping results
@ U waters_connect Scientific Library is populated
with critical quality attributes information

= Unmodified and modified peptides are sent to the scientific library for NISTmADb
= These peptide lists can be updated and shared between multiple systems as product knowledge increases

©2022 Waters Corporation



Simplified design: Peptide MAM guided workflow &%

8¢ Peptide MAM

NIST mAb

Select Processing
Method

©2022 Waters Corporation

Acquisition
and processing

Data reviewing and
results reporting

System Suitability Test criteria (SST)
Peptide attribute list
Processing criteria

New peak detection criteria

System Suitability Testing results (pass/fail)
Peak review (chromatograms)

Peptide attributes results (limit checks)
%mod. summary table

New peak detection verification

Reporting

NNERC K
e/
i

Wart

Peptide
MAM
Guided

Workflow

ers

THE SCIENCE OF WHAT'S POSSIBLE."

35



Seamless jump from Peptide MAM to Sample Submission app

Peptide MAM

NIST mAb

Select Processing
Method

Acquire and
Process

©2022 Waters Corporation

@@ SAMPLE Submission

Peptide MAM
= Folder

Location:

Description:

Instrument system

E;E LCOptMs Status: online

System

LC Opt MS

Acquisition method

Peptide MAM data acquisition
Method

Peptide MAM data acquisition

Location:

Sample Trays

Sample Submission

Sample List

Peptide MAM mAb

Queue

Real Time Data

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

@ Help B reedback €@ administrato

oOBRBD®

Peptide MAM method references

M Verson:2 SwwsiOreit @ W

Injecti saiiol New Peak Retention Time
item Name Item Description Item Type mecion e Replicates  petection Alignment Acquisition Method ~ Run Time
Volume Position
Reference Reference

System Suitability_2 SST System Suitability v 5.00 1A2 5 u 80.00

4 System Suitability_3 SST System Suitability v 5.00 1A2 O O 80.00
Blank_2 Blank Blank v 10.00 1Al O O 80,00
Reference mAb Reference Unknown v 5.00 1TA3 O O 80.00
Control Control Unknown v 5.00 1A4 | O 80.00

L
Spiked in control control+spiked peptides Unknown v 5.00 1AS5 (B & 80.00
- |_ |
9 Stressed Stressed Unknown v 5.00 1A | 80.00
I
10 Spiked in stressed stressed+spiked peptides Unknown v 5.00 1TA7 ( (] 80.00
1" Blank_3 Blank Blank v 10.00 1TA1 ] O 80.00
12 System Suitability_4 SST System Suitability v 5.00 1A2 L () 80.00
13 System Suitability_5 SST System Suitability v 5.00 1A2 ] U 80.00
14 System Suitability_6 SST System Suitability . 4 5.00 1A2 U U 80.00
1 Qiany 4 Qlant Qlany - nnn a4 1 annn
\ )
Powered by Waters 2020 Version: 1.0.0.0

Y
Sample queue



Rapid evaluation of system performance Waters
based On Custom SOP Crlterla THE SCIENCE OF WHAT'S POSSIBLE."

Y Peptide MAM Base Peak Intensity (BPI)
m/z: 50-2000

W System suitability peptides_1

NIST mAb ' 4
1,500,000 3 '

Select Processing

Method User defined
ey 6 7 pass/fail criteria

mass error
500,000 2
’ - RT
Jl L | intensity
S | S ; - -
" ® Retention Timzn[mins] “ peak Width

BPI [count]

@ System Suitability

e
I

o -

e 04

rPass.‘_Fai\ A_I Name Observed Mass (Da) Expected Mass (Da) Mass Error (ppm) Retention Time (min) Expected Retention Time (min) Retention Time Error (min) Response Peak Width FWHM (min)

I (/) Passed I 2 8984688 8984668 2.2407 11.48 11.48 0.00 17,243,032 0.11

I (/) Passed I 3 1,059.5648 1,059.5624 2.2614 15.36 15.57 -0.01 38,913,908 0.1

I (/) Passed I 4 1,045,5397 1,045.5367 2.8838 19.52 19.52 0.00 35,682,024 0.07

| () Passed 5 1,205.6830 1,205.6704 27995 21.81 21.82 -0.01 20,536,450 0.07
I

I (/) Passed 6 1,757.9379 1,757.9284 48485 28.84 28.96 -0.02 35,185,048 0.08

() Passed I 7 1,871.9666 1,871.0647 1.2205 36.61 36.64 -0.03 24,787,426 0.00
—

©2022 Waters Corporation 37



Robust and Reproducible Quantification via ’rers
Automated Retention Time Alignment

ﬁ(" Peptide MAM B Conrrol (Reference) B Unknown sample-1 (Aligned)
NIST mAb ' 20,000,000 -
Select Processing — 15,000,000-
Method E
S
U 10,000,000 | | |
[~ ‘ | ’ ‘ ’
5,000,000 [ J J ‘ ‘ h ' \ ’] l
o | | A R 1T O ‘ | ,‘ ,JJ“\..,JL_M,J-J\J\\,.J ‘JL L_J.,,,LLJJ LAJ} \ »I‘LJ_,,,L‘MLJJL,J ,LJL____,___«___
¢ Reference Retention Time [mins]
DTLMISR (15.92 min)
@) Retention Time Before Alignment After Alignment Maximized
Alignment Total lon Current (TIC) m/z: 50-2000 Total lon Current (TIC) m/z: 50-2000 . I
B Control (Reference) Unknown sample-1 W Control (Reference) Unknown sample-1 (Aligned) Inter-SyStem reprOdUCIblllty
and inter-day repeatability.
? 6,000,000 Iﬁ'-. E 6,000,000 "-. . . i
oo [\ £ oo [\ = Alignment prior to peak assignment.
= | \ = ) )
/ A\ / LY
2,000,000 \ e 2,000,000 / \ . . i
| L TSN | S =N = Automatic correction of possible
15.8 15.9 16.0 16.4 16.2 15.8 159 16.0 16.1 16.2
Retention Time [mins] Reference Retention Time [mins] Offsets
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Increased productivity with simplified results review

8¢ Peptide MAM

NIST mAb

Select Processing
Method

°® Monitored
Attributes

©2022 Waters Corporation

THE SCIENCE OF WHAT'S POSSIBLE."

DTLMISR EEQYNSTYR VVSVLTVLHQDWLNGK
Oxidation Glycopeptide GOF Deamidation
A A A A
4 a0 L O N —— | .
3
= = [ F 78 SN FESSSRS O B |
g z g 20 E
= 1 z 1w z 1
0-r T T T 1 0y T 5 T - 0=y T T T T 1
1 2 3 4 1 2 3 4 1 2 3 4
Sample # Sample # Sample #
Acceptable range: (- 3% Acceptable range: 38 - 100% Acceprable range: 0- 2

Samples and attributes out-of-specifications are clearly tagged.

DTLMISR Oxidation
Injection: Unknown sample-1 |23 5

Expected: 0-3% modified
Actual: 4.06% modified

Sequence Modifier Response % Observed Mass ... Mass Error (pp... Retention Time (... Charge States Monitored?
DTLMISR Oxidation M 4.06 850.4203 -1.86 13.11 2+ v
DTLMISR None 95.94 834.4259 -1.25 15.91 1+ 2+ x
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Effective New Peak Detection i |
. . aters
New peaks discovered in each sample vs. reference control

8¢ Peptide MAM

NISTmAD ' Distribution of New Peaks Detection Criteria m
Select Processing P [ —— — —
Method T30 I
%‘ ;g I Fold Change = 10
g ]g I I % Base Peak Response = 0.1%
2 3 1 I Isotopic Similarity % = 90
§ I Samlple 1 Samble 2 I Samlple 3 ‘ ; f
unique new peaks E Injection — — Matching Tolerance (mins) = 1
in | Unknown sample-3 w -|_ Exclude pfl"Etiigﬁ? with only ?  Yes
vs. | Control
\ 4
S Neutral Retention Fold % Base Isotopic .
Status Peak # Injection Name Mass (Da) ~ Time (min) Change Peak Similarity % Charge States Actions
e 7 1491 Sample 3 . 843.3312 24.94 2.44 0.39 88.40 2+, 3+ Review
8 New Peak e ? 469 Sample 3 . 843.4588 13.45 505.21 0.63 93.55 2+ Review
Detection r—
e ? 462 Sample 3 . 850.4200 13.10 2.20 1.80 95.51 1+, 2+ Review
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Clear, easy to share information with attribute-centric reporting Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Peptide MAM

Take informed decisions based on critical results:
system suitability,

NErmAE B - Peptide MAM Report . L . .
attribute monitoring with faulting samples,
Generated By:  waters_connect Administrator
Select Processing Generated Date: 24 Jun 2021 12:20 new peaks detectEd,
Method B Processing Date: 24 Jun 2021 11:46 . . “ .
! o audit trail and contextual information,
Analysis Injection List
Name: Peptide MAM Data 2021 N N g [ s Vihmit ) e
injection Name sition Status me . .
Version: 1 1 System suitability peptides_ 1 SST Complete 1.00 Monitored Attributes
Location:  Company/MAM/Demo data 2 System sultability peptides 2 SST Complete 100 Attribute Definitions
Description: Reprocess data from 2020 3 System suitability peptides 3 SST Complete 1.00
p ing Method 4 Blank 2 Blank  Complete 10.00 Attribute Name: DIQMTQSPSTLSASVGOR oxidation
rocessing Metho ) 5 Control Uninown Complete 10.00 Acceptable Range: Less than 2%
Name: MAM Demo Data processing & Unknown sample-1 Unknown Complete 10.00 _
Version: 5 7 Unkmown sample-2 Unloown Complete 10.00 Found? Monitored? Sequence Modifications Rm-:m Charge States
Location:  Company/MAM/Demo data 8 Unknown sample-3 Unknown Complete 10.00 (":-'::
Description: 2021-03-31 9 Blank 3 Blank  Complete 10.00 )
) N DIOMTQSPSTLSASVGDR 2276 2+, 3+, 4+
&) ves DIQMTQSPSTLSASVGOR Oxidation M[4] 2277 24,3+
- System Suitability
System suitability peptides_1 Results - % Modified
= Qutside acceptable limits
Pass/Fail MName Observed Mass Mass Error  Retention Time  Retention Time Error  Response Peak Width PWVHM
(Da) ppm) (min) (min) {min)
(&) Pass 2 BO8.4688 22407 19.48 0.00 17.243.032 011 Injection Name Glycopeptide GOF- Glycopeptide G1F- Glycopeptide MISR ox (272 VVEVL misC
- GIcNAC (6/6 forms) GICMAC (6/6 forms)  Man (5/6 forms) forms)  deami (4/4 forms)
(JJ' Pass 3 1,059.5648 22614 15.56 -0.01 38913908 0.11
= Control 238 256 0.86 1.47 0.82
(/) Pass 4 1,045.5397 2.8838 19.52 000 35682,024 0.07
@) Pass 5 12956830 27995 21.81 -0.01 29,586,450 0.07 Hnknown sample-1 2l a8 EE 412 2z
(&) Pass & 1.757.9379 48465 28.94 0,02 35,185,048 0.08 Unknown sample-2 235 .49 0.92 136 0.89
() Pass 7 1,871.9666 1.3305 3661 003 24767486 0.09 Unknown sample-3 227 247 0.74 454 230
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waters_connect: New Applications for Peptide o’rers |
MAM and Intact Mass Analysis

{&- waters_connect HUB

Supplementing the core
UNIFI application workflows

- Intact Mass

- Peptide Mapping

- Released Glycan

- Accurate Mass Screening

?}| ‘) Peptide MAM
Released Q4 2020

@ INTACT Mass

New for 2022

©2022 Waters Corporation 42



.

Automating Intact Mass LC-MS N —
() INTACT Mass ...,

Simple, Flexible, Efficient

® Goal: Mass Confirmation and Purity for each Injection

— Simple: Single Sample to Plate-based Analysis

— Flexible: Purity using optical chromatogram, TIC, or within a mass spectrum
= Automating LC-MS Deconvolution

— Simple: Automate Peak Picking (UV/TIC)

— Simple: Automatically determines input and output mass ranges, optimal deconvolution conditions
Simple: Reduces human error , and non-specialists can obtain deconvolved mass information
Efficient: Create generic methods to analyse a wide range of molecules efficiently
®  Assigning ID for products and impurities using variable modifications

— Flexible: Product related substances/impurities identified

— Efficient: Fine control of potential combinations of modifications
= Automated Acquire and Process Workflow

— Speed: Multiplex Processing (Multiple Spectra) occurs in parallel with acquisition

— Flexibility: Expected masses and molecule IDs provided in sample list

©2022 Waters Corporation 43



Automating LC-MS Deconvolution

Setting Deconvoluted Typical Use
Mass Range

BayesSpray 1-15kD
Monoisotpic

BayesSpray 15 - 300 kD
Average Mass

MaxEnt 1 15-300 kD

Average Mass

Unprocessed >1 kDa

©2022 Waters Corporation

Peptides
Small Oligos

Proteins
Large Oligos

Proteins
Large Oligos

Small
Molecules

Define peak deconvolution parameters

Mass information

Specify parameters for obtaining mass information and the number

of peaks to deconvoive

Auto

Optical chromatogram

1

af sdvances

BayesSpray

BayesSpray

Monoisotopic

Average

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Deconvolution settings

Choose the type of biomolecule to be deconvolved.

Qligonucleotide -

=

Deconvolution Settings:
= Protein

= QOligonucleotide

= PS Oligo

= Custom Elemental




OANASEEE
Automated Acquisition and Data Processing Waters

THE SCIENCE OF WHAT'S POSSIBLE."

& C @ localhost:48481/home Q. B w a

INTACT Mass -CO:- Hub @ Help @1 Feedback e waters_connect A. vV

Recent files Welcome to INTACT Mass

Open recent analyses Use LC/MS with powerful deconvolution algorithms to perform identity and purity checks on samples
20220106_HYS_102 Create new processing methods and analyses Open, delete or copy existing files
CoEliEE START NEW WORK OPEN EXISTING WORK

Jan 06, 2022 12:22:44 (-05:00)

20220106_HYS_101 (®:  Process data [Z] Browse analyses

Analysis Create a new process-only analysis by processing existing data with INTACT Mass Browse your existing INTACT Mass analyses

Jan 06, 2022 12:12:28 (-05:00)

@ Acquire and process data (&5 Browse methods
20220105_mAb_HYS_105 Create a new analysis by acquiring new data and processing with INTACT Mass Browse your existing INTACT Mass processing methods
Analysis
Jan 05, 2022 14:57:05 (-05:00) @ Create new method

Create a new INTACT Mass processing method

©2022 Waters Corporation



Imported Sample List from .csv File

LESubmission

221_Franklin and more

ry Sydtem

Sample Trays

©2022 Waters Corporation

@ |ntact Mass

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

@ Help [,Ej‘ Feedback e waters_connect A.

OB E P

Sample List Queue Real Time Data
20220105_mAb_HYS_105 version:9  Staws:Draft (B W
ltemName  Item Description  Sample Type  Injection Volume (ul)  Sample Position  Replicates Run Time (mins)  Submitter Molecule Ids Reduc
Sample 201 N Unknown 200 1Al 1 [20211217_HTP_HYS_001 250 HYS Intact mAb method 0.7-0.85 mins Clone 148036.5 Protein Non
Sample 202 N Unknown 200 1TA2 1 [20211217_HTP_HYS_001 2.50 HYS Intact mAb method 0.7-0.85 mins Clone 148036.5 Protein Non
Sample 203 N Unknown 200 1A3 1 |20211217_HTP_HYS_001 250 HYS Intact mAb method 0.7-0.85 mins Clone 148036.5 Protein Non
Sample 204 N Unknown 200 1:A4 1 |20211217_HTP_HYS_001 250 HYS Intact mAb methed 0.7-0.85 mins Clone 148036.5 Protein Non
Sample 205 N Unknown 200 TAS 1 [20211217_HTP_HYS_001 2.50 HYS Intact mAb method 0.7-0.85 mins Clone 148036.5 Protein Non
Sample 206 N Unknown 200 146 1 |20211217_HTP_HYS_001 250 HYs Intact mab methed 0.7-0.85 mins Clone 148036.5 Protein Non
Sample 207 N Unknown 200 1:A7 1 |20211217_HTP_HYS_001 250 HYS Intact mAb methed 0.7-0.85 mins Clone 148036.5 Protein Non
Sample 208 N Unknown 200 TAB 1 [20211217_HTP_HYS_001 2.50 HYS Intact mAb method 0.7-0.85 mins Clone 148036.5 Protein Non
Sample 209 T Unknown 200 1:B1 1 |20211217_HTP_HYS_001 250 HYs Intact mab methed 0.7-0.85 mins Clone 148056.5 Protein Non
Sample 210 T Unknown 200 1:B2 1 [20211217_HTP_HYS_001 250 HYS Intact mAb method 0.7-0.85 mins Clone 148056.5 Protein Non
Sample 211 T Unknown 200 1B3 1 |20211217_HTP_HYS_001 2.50 HYS Intact mAb method 0.7-0.85 mins Clone 148056.5 Protein Non
Sample 212 T Unknown ¥ 200 1B4 1 |20211217_HTP_HYS_001 250 HYS Intact mAb method 0.7-0.85 mins Clone 148056.5 Protein Non
Sample 213 T Unknown 200 1B5 1 |20211217_HTP_HYS_001 250 HYS Intact mAb methed 0.7-0.85 mins Clone 148056.5 Protein Non
Sample 214 T Unknown 200 1B6 1 [20211217_HTP_HYS_001 2.50 HYS Intact mAb method 0.7-0.85 mins Clone 148056.5 Protein Non
sample 115 T Unknown 200 1B7 1 |20211217_HTP_HYS_001 250 HYs Qa:( mab method 0.7-0.85 mins Clone / 148058 Protein Non
= = ~ e N d
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Higher Throughput: Fast Desalting Method Coupled | o’rers
with Scheduled Lock Mass Acquisition

@ Hep () Feedback @) waters connect . I SITION Method Editor @ telp ) Feedback (@) waters_connect A ¥
20211217_HTP_HYS_001 @, Find a setting by nam I OB R
Version: 2 Status: DRAFT  Location: ..A221_Frankdin and more - 20211217_HTP_HY5_001 Q, Find a setting by name S Q ] Eﬂ =
Version: 2 Status: DRAFT  Location: ..\221_Franklin and more
Gradient
Advances d E
Gradient table ® ® Solvents »
Source Settings Triggers
Time (min Fiow rate (L rpasiton A (%) Compositon e Sohvent A
000 040 950 50 Intial Copillary vokage . = -
1.00 040 150 850 Curve 8 01 FAIn water Defauit 1.5 kv
ntinput 1
120 040 50 %0 Curve s Schvent 8 =
040 950 50 Cuvesd C Custom capillary voltage (k) Event inp
250 040 950 50 Cuves 01%FAINACN e
Sohvent catalog
Canalog conta) c Acquisition settings
Plot v Seatwash
@ cnabied Intelligent data capture
e — Use intelligent data capture to reduce storage requirements

Seal wash frequency (min)

o %)
) 25 w0

t 3 ACQUITY RDa

E Fl Detector

H

“Scheduled lock mass” ~17.5 seconds/injection vs.
“standard lock mass* ~2 mins/injection.

©2022 Waters Corporation



Data for a single Injection of NISTmAD

Dashboard > Sample 105

sample list
Sample 102 [ pass ] ¥
Replicates: "

sample position

sample 103

«

Replicates: "

sample position

>

sample 104

Replicates: "

sample position

sample 105

«

Replicates: "

sample position

Sample 106 [ pass ] ¥
Replicates "

Sample position:  1:A.6

sample 107 (] ¥
Replicates "

Sample position:  1:4.7

sample 108
Replicates "
Sample position: 148

sample 109

«

©2022 Waters Corporation

Sample 105 View sample method View report
Tic
o Peak 1@
H
07
) 02 ) [ ) I T 7 7
Retention Time (min)
Retention Time (min) Tic (caunts)
TUV 280
3w Peak 1 @
H
g
o7 ) i 2 I T H 22 4
Retention Time (min)
Retention Time (min) Absorbance (AU}
!
Identity: Purity:
Summary Pass 1000
2 Product N All Forms Pass 1000 1000
3 Product N 148,037.8 148,036.5 9 Pass 1000 543
4 Product N Glycosylation 148,200.3 148,1986 1.1 Ppass 1000 1000
5 Product N Glycosylation(2) 1483623 148,360.8 104 Pass 100.0 813
& Product N Glycosylation(3) 1485245 1485229 107 Pass 1000 36.7

I

I+

Q

I+

Pass

Peak 1-Spectra @

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Deconvolved 4
1482000
2w
3
4
g
£
l
T T T $ T T T
142000 144000 146000 146000 150000 152000 152000
Mass (Da)
Mass (Da): - Intensity: -
Raw 3
797191 S

Hossss DO 0sas Q
2
g 1o 512892 — Q
H 315765932 115

0
2400 2500 2600 2700 2800 2900 3000 3100 3200 3300
miz
miz Intensity:
Mock .4
WS e Q

2 100000 3025492
7
§ 309500 Q
5 3157885322790

2400 2500 2600 2700

2800 2900 3000 3100 3200 3300




Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Review of a 48-Well Plate Intact Mass Sample Set

@ b (D Help

(5 Feedback (Y waters_connecta.

Dashboard

sample list

Injection

sample

@ Qv @i @ unees @551 @ ac e name cem descrigion Submiter Molecul 03 Bxpected masses Sample type rlecton SamPle i acquskionmeinod 7
hboard Blank ¥ Process
i ocessing Pending
. 1 @ sample 101 adminstrator 148036.5 Unknown 200 11 11 20211217_HTP H..  Inf
z @ sompletoz HYS 148036.5 Unknown 200 142 11 20211217 HTP H..  Int
1 2 3 4 5 6 7 8
A ° o o o ° o o 3 @ somple 103 HYS 148036.5 Unknown 200 1A3 11 20211217 HTP H..  Int
B 0 o o o ° o o 0 4 ° sample 104 HYS 1480365 Unknawn 200 TA4 11 20211217_HTP_H.. It
blar ult ¢ Q o o o ° o ° 0 5 @ somple 105 HYS 1480365 Unknown 200 TAS 11 20211217 HTP H..  Int
o Q o o o ° o ° o s ® sample 106 HYS 148036.5 Unknown 200 1A 11 20211217 HTP H.. It
vi . Q o o o ° o o 0 7 Sample 107 HYS 148036.5 Unknown 200 TAT 11 20211217 HTP H..  Int
44 samples
8 @ sample 108 HYS 148036.5 Unknewn 200 1AB 11 20211217 HTP H..  Int
Q0000000
a © sample 109 HYS 148036.5 Unknown 200 1B1 11 20211217 HTP H..  Int
View Warning lts
1Sample Statistics: 0 @ sample110 HYS 148056.5 Unknown 200 182 11 20211217 HTP H..  Int
: e 1 @ samplein HYS 1480565 Unknown 200 183 11 20211217 HTP Hoe It
View Fail results
12 ° sample 112 HYS 148056.5 Unknown 200 1B4 11 20211217 HTP H.. It
35amples -
s R 12 @ sample113 HYS 148056.5 Unknown 200 185 11 20211217 HTP H.. It
Pass Warning Fail Untargeted
o d 14 @ samplena HYS 148056.5 Unknown 200 186 11 20211217 HTP H.. It
Jlts
5 @ samplets HYS 148056.5 Unknown 200 187 11 20211217 HTP H..  Int
s @ sampletts HYS 148056.5 Unknown 200 188 11 20211217_HTP H.. It
ate summa
report 7 @ sample1t7 HYS 148513.5 Unknown 200 1C1 11 20211217_HTP H..  Int
v
1w @ samplens HYS 148513.5 Unknown 200 1C2 11 20211217 HTP H..  Int




Sample-Centric Report Waters

THE SCIENCE OF WHAT'S POSSIBLE."

<Sample 105 Sample report
Peak 1 - Spectra ®
Deconvolved
INTACT Mass
Vorsion: 1000 68 128201.0
Analyst name: administrator
Analysis name:  20220107_HYS_101 2 45
Sample setname:  20220105_mAb_HYS_105 -v2 g
£
2e6
Sample 105
ime acquired: Jon 06, 2022 022312 (+00:00)  Time pros i 0500, Time report generated: Ja 17:25:47 (0501
0 T T T 4 T T T 1
142000 144000 146000 148000 150000 152000 154000
ltem description: N Molecule IDs: N Mass (Da)
Sample position: T:AS Expected masses: 1480365
sample type: Unknown Submitter: Hvs Raw
Injection velume: 2 Molecule type: Protein q
Replicates: 1 Reduction state: None 150000 2797191 2006.8908
Acquisition methad:  20211217_HTP_HYS_001 Enzymatic treatment:  None 2693345 [ 208s.019
Processing methed:  Intact mAb method 0.7-0.85 mins Clone - v3 Acquisition status: Camplete 3025.488
£ 100000
g
TIC =
i 50000 3222.715
rere
_— o
i 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300
E miz
/ Mock
. . 150000 7
2797.201
2695.559 g 2908.926
TLV 280 2965.072
= 100000 — 3025.492
. e g 3088585
£ -
| 24304 2154.243
50000 g 3222.790
2400 2600 2600 2700 2800 2900 3000 3100 3200 3300
L miz

©2022 Waters Corporation




NSRS
Reducing Bias and Increasing Efficiency and Robustness of Waters
Blopharmaceutlcal AnaIyS|S THE SCIENCE OF WHAT'S POSSIBLE."

Automating Lab Processes to Reduce Errors and Drive Efficiencies

From Sample Prep to Data Processing to Data Review and Reporting

3 Simplifying Operations to Increase Accessibility and Robustness

There is still a need for highly flexible research technology that pushes boundaries and requires expert
interaction, but routine analysis should be engineered to enable non-experts to generate quality results.

©2022 Waters Corporation



Waters

THE SCIENCE OF WHAT'S POSSIBLE."

=

axPeak™ Premier High-Performance Surface
echnologies for LC-Based Bioseparations
3

Bill Warrén'

Principal Product Manager

PEAK.

HIGH PERFORMANCE SURFACES




Agenda

= Confidence in Results and Analyte Losses
= |ntroducing MaxPeak Premier HPS Technology for Bioseparations

= Challenges and Premier Solutions for:
— Protein Size Variant Analyses (SEC)
— Peptide Separations (Reversed Phase)
— Nucleic Acid Analyses (Reversed Phase)
— Glycoprotein / Release Glycan Analyses (HILIC)

= More Information and Additional Educational Assets

©2022 Waters Corporation

Waters

THE SCIENCE OF WHAT'S POSSIBLE."




Waters
What Gives You CONFIDENCE in LC-Based Biomolecule AnalyseS?™ """ ™"

= Highly reproducible?
— Low RSD’s
— Analyte detection is complete and predictable

= Data from LC-based biomolecule analyses is reliable
to address internal critical quality attribute (CQA) and
regulatory needs

— Free from unexpected surprises or repeat testing

©2022 Waters Corporation



Waters

THE SCIENCE OF WHAT'S POSSIBLE."

There Are the Wonderful Days ...

= Develop and Validate a New Method
— Necessary Component Resolution
— Method Linearity
— Adequate LOD and LOQs

— Required Batch to Batch and Column to
Column Consistence

— Results NOT biased by LC Separation !

©2022 Waters Corporation



Waters

THE SCIENCE OF WHAT'S POSSIBLE."

There Are the Not So Wonderful Days ...

= We need to analyze some samples urgently.

— Inject the sample onto the column and ...
see NOTHING

— Inject it again ... NOTHING

Late Nidhts
in the
Laboratory

= What is going on?

— Try to passivate the column, and the system
[ READ THE BLOG NOW ] Waters - Inject hlgher concentrations of Sample

THE SCIENCE OF WHAT'S POSSIBLE."

= \We lose ... confidence

©2022 Waters Corporation



What Happens When You DON'T Have Confidence in

Your Results?

What happens when you are getting this...

60,000

50,000 Inconsistent Areas

40,000 ‘{ <I ______l,___‘
o 30,000 ,}—”l'—
< {”1

20,000 /

l -
High RSD’s
10,000 l
0

0 1 2 3 4 5 6 7 8 9 10
Injection Number

But you need this....

60,000

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Consistent Areas

50,000

0 1 2 3 4 5 6 7
Injection Number

I’ | —]
" ;
40,000
g ;
£ 30000 Low RSD’s
20,000
10,000
0

10 11

What is the cause of this? What can we do to reduce this problem?

©2022 Waters Corporation
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Biomolecules Can Bind to Surfaces Waters

THE SCIENCE OF WHAT'S POSSIBLE."

= Non-Specific Binding (NSB) and Non-Specific Adsorption (NSA) can be a problem

— Any binding or adsorption that was NOT intended
, STUCK?-

— Molecules tend to adhere to any exposed surfaces.

— Any chemical interaction can be the source of binding,

but most dominantly ... R
o Polarity-based interactions, “Like” attracts “like” F&
- e.g., hydrophobic attraction rm

o lonic interactions, Positive and negative charge attraction
* e.g., coulombic attraction

©2022 Waters Corporation 58




How Do Scientists Solve This Problem Today?

Passivation of surfaces with acid

Passivation of surfaces with sample or
matrix

PEEK or PEEK lined steel columns

Titanium in columns or parts

Industrial coatings

Additives in mobile phases

©2022 Waters Corporation

Removes free iron from steel surface

Analyte or matrix coats reactive surfaces

Replaces metal with non-reactive material

It doesn’t. Titanium is a metal!

Covers the metals with material, e.g
silicates/other materials

Chelates with metals to prevent analyte
adsorption

Time consuming
Strong acids
Not stable, needs to be repeated

Time consuming
Not stable, needs to be repeated

PEEK alone is not high pressure
tolerant
PEEK materials have:
*  Higher dimensional
variability
*  Lower frit permeability
* Incompatible with some
solvents

Analyte loss

MS bleed, and other unexpected
problems

These were never designed for LC
and LC-MS applications!

lon suppression and other unknown
effects

Continued use necessary

Possible solubility issues



A Technology Brand was Created... o’rers

THE SCIENCE OF WHAT'S POSSIBLE."

MAXPEAK.

HIGH PERFORMANCE SURFACES

MaxPeak™ Premier High-Performance Surfaces are new and
Innovative technologies designed to increase analyte recovery,
sensitivity, and reproducibility by minimizing analyte / surface
interactions that can lead to sample losses.

©2022 Waters Corporation



Analytical Tools and Solutions for Bioseparations

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Impurities
Host Cell Protein
Excipients Analysis (e.g.,
Polysorbates

Understanding
Primary Structure

Purity, _
Content, Higher Order
Glycosylation Structure
HDX-MS
SEC-MALS

& =

@ = b
e :‘: : g "/I\‘,-:”. ;\\

éy»)’ ,M ) ot N

Reversed Phase Peptide Mapping Afr',r;?yé\.cs'd F:%?é?gg?obrlc

Size Exclusion

Glycan HILIC lon Exchange

R . ; N - « Separate based * Separation based on * Glycosylation * Separation
?ﬁﬂ?zr:‘é? o g—ﬁa Identity Hg?aerrzfgcilgt?vity on Fr)1ydrophobicity size of molecule . Pattern Basgd on charge
fragmented characterization - Protein under non * Dimers/Aggregation *Released N- *Monitor
species « Disulphides Concentration denaturing * High Molecular Glycan deamidation,

« Intact Mass «MAM « (Quantitative conditions Weight « Orthogonal sialyaltion,

- Reduced mAb AAA) *Low Molecular methods for Intact, pyroglutamate
characterization Weight glllbunlt

«Clips ycopeptide
Mappina
MAXPEAK MAXPEAK MAXPEAK MAXPEAK.
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/\ WOTGI’S )
MAXPEAK.
PREMIER

~
of Proteins

@ 150 kDA
Monomer
0.0607
0.006 0.050

0.0407
 oous @ 100 kDA .
E 1 LMWS1 0204
c 0.0109
g 0.004 | 0.000
~ .00 2.00 4.00 6.00 8.00 1000
b ] > 300 kDA
g 00037 7 @ 50 kDA
8 )/ =\
5 0.002 \ LMWS2
2 = =
< 0,001
> HMWS
=2 ~ J

0.000
T T T T T
5.00 6.00 Minutes 7.00 8.00
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Protein Size Variant Analyses Using SEC
The Challenge of Non-Desired, Secondary Interactions

= Size Exclusion Chromatography

— Separations based on biomolecules size in solution using columns containing
appropriate pore size SEC particles

— Isocratic separation, comparatively low resolving vs techniques such as reversed phase
— Challenging to separate compounds less than 2X different in size

— SEC method development frequently required to develop a robust protein size variant
separtion

= Most commercialized LC based SEC columns contain of silica-based, diol-bonded
particles of defined pore and particle size packed in stainless steal hardware

= Non-desired, secondary ionic and hydrophobic interactions between proteins and
SEC particles and stainless column hardware are challenges to obtaining platform
based, robust analyses

©2022 Waters Corporation



Introducing MaxPeak™ Premier Protein SEC 250A Columns and Guard  Waters
for Protein Size Variant Analyses

MaxPeak Premier Protein
B: MaxPeak Premier SEC Technology SEC 250A Columns and Guard

A: BEH-PEO SEC Technology *ﬁ%m‘? =
%{? i _/ -y

-0
Zo2si N\ oL plus
~o

&

BEH Technology”

Use of MaxPeak Premier Protein SEC 250A Column Technology to Reduce Undesired
Secondary Interaction (A) Hydroxy terminated PEO bonded BEH patrticles with low ionic and low
hydrophobic secondary interactions. (B) MaxPeak High Performance Surface (HPS) with
hydrophilic properties to minimize secondary interactions between biomolecules and metallic
column hardware and REDUCE Costly Method Development Investment.
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SEC Challenges for Reliable Biotherapeutic
Waters

Protein Size Variant Analyses
Out of the Box Performance

Long SEC Method Development for Protein Aggregate, Monomer, and
_ Time Fragment SEC Analysis
(Desire to have Platform Method)

The option to have speed ( 1.7 um)
and scalability (2.5 um)

mADb Size Variant

Waters P/N (186009429)
Injection Load: 7.98 pg

[Nacil\pH

: | l I [ T p ;
soomm - b . .
e,
| LA L A 5 TR T T e
N "% Eusi Fc Fus| o G Nists
. di Qrencia (Abatacept] 8671
S ! s njoction Load: 12.5 || o0 Tnjection Load: 7
A y 3
#

100 M§ ‘

Batch to Batch and Consistency Decrease Cost per Analyses Improved SEC / MS Analysis QR Code Enabled for
oo | | e with Guard of Native mAbs Column Specific and

Ebk A Batch #1 ACQUITYPremieT Protein SEC 250A 1.7 um |‘c“”'”°'?.;":£ﬂ““;§5:,,5,“m c:m| | e AuthentICIty InfOI’mation
mesz \fk ol —m— |, ' T B
g e o . H e
’ \,)L A ! M
0.000 ‘ ML N e o000 1 ‘ ! ‘ o 150
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Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Influence of SEC Column Hardware on mAb Analysis

[NISTmAb (RM 8671) |
Conventional Stainless Steel

NISTmAb (RM 8671)

Hydrophilic MaxPeak High Performance Surfaces

0.002 -
NaCl (mM)
£ — 0
c
™ — 100
=
< —_— 200
0.000 .
5 min

S min

XBridge ™ Protein SEC BEH-DIOL 250A 2.5 um stationary phase was packed into both hydrophilic
MaxPeak High Performance Surfaces hardware (left) and conventional stainless-steel hardware
(right) to clearly demonstrate the benefit afforded by the HPS hardware.

©2022 Waters Corporation



Influence of SEC Particle on ADC Analysis Waters

THE SCIENCE OF WHAT'S POSSIBLE."

|ado4‘rasfuzumab emtansine |

0.002
. MeCN (%) Change in ADC Monomer Tailing
XBridge ™ 0 (from O to 15% MeCMN)
Premier 5 &0%
Protein SEC
250A. 2.6 pm 10
15
40%
N l
0% —
XBridge ™ BioResolve SEC Commercially Commercially
Premier Protein mAb 200A 2 5 pm Available Diol Awvailable MeO-
SEC 250A 2.5 ym 250A 2 pm PEOQ 300A 2.7 pm

BioResolve ™
SEC mAab
200A, 2.5 um

1S
=
2
o
‘D‘: Change in ADC Monomer Peak Width (HH)
Commercially (from O to 15% MeCMN)
Available Diol o
250A, 2 pm
50%
Commercially 25%
Available
MeO-PEO 0% 0%
300A, 2.7 um 0% i i )
XBridge ™ BioResolve SEC Commercially Commercially
Premier Protein mAb 2004 2.5 um Available Diol Available MeO-
SEC 250A 2.5 pm 2504 2 pm PEO 300A 2.7 um

5 min

Comparison of hydrophobic secondary interactions performance using the ADC ado-trastuzumab
emtansine. Upon increase of organic concentration, the degree of change observed for the
XBridge™ Premier Protein SEC 250A 2.5 um column is again negligible, with outstanding peak
shape from 0 to 15% MeCN
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Shorten SEC Method Development: Waters
Is a SEC Platform Method Possible?

XBridge Premier Protein SEC 2504,

Traditional, Diol-Bonded, SEC 200A, (BEH-PEO) 2.5 pm Column
2.5 um Column in Stainless Steel (Less Independent on pH and Salt
(SEC Method Development needed) so less method development)
[NaC?::H 5.8 6.4 7.0 ‘ /‘b\ (NaCI\pH u s - 0 26
400 mM :z \J L J \/L/\. \\/\J LL/ U\J f‘ l
- \ J\V ,.J - *,..J L_/\,._, 400 mii ,'
y-BEFINFINFIN] L)
g oome ! 200 mM e b . N
?: ’Sé MY WY WY ] MY
100 mM E::: \\ \\ E
g“""‘ { 1DD|1-|M§ )
:: ‘ : ;.'._/“"' R | L AR N L L S IV S
'" :., ‘ ‘ 9 \ | S0mM -
"v'""\,.,__‘\,w,uj T el - IO '.w._,,,,,;.! e YN N - — W
6.00 .80 900 1050 1200 6.00 180 900 1050 1200 " ';“o; tesuv 900 1050 1200 6.00 78 900 105 1200 T " = )
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Out of Box Performance of Size Based Protein Variant Separations O,r

(Approx. 10,000 to 650,000 Daltons)

ers

THE SCIENCE OF WHAT'S POSSIBLE."

Column: ACQUITY™ Premier Protein SEC
250A,1.7pm Dimension: 4.6 x 300mm

| 1 . . Flow Rate: 0.3 mL/min
1 ADC Kadcyla oonel 19G1 MADb Size Variant Std | temperature: 35 °C
] Ad.o-trlestuzumab emtansine 1 Waters P/N (186009429) Wavelength: 280nm
o00247] Injection Load: 12 ug 00016 Injection Load: 7.98 ug Mobile Phase: 2xPBS (20mM Phosphate, 276 mM
< 2 ] NaCl, 5.4 mM KCl pH 7.4)
0.0012] 0.0008—] Instrument: ACQUITY UPLC H-Class Bio
1 1 System Dispersion: <10uL
0.0000; 0.0000;
5.00 6.‘00 5.00 6.‘00 7.1‘)0 mins.l‘)o 9.!‘)0 10?0C 2X Phosphate Buffered Sa“ne
0o Eocion Fc Fusion mAb ] 4G NistmAb RM 8671 (PBS) shown her.e to give
1 Protein Orencia (Abatacept) e 19 Injection Load: 7 pg excellent resolutions and
000121 Injection Load: 12.5 pg 1 estimations of aggregates and
— 0.0016—
2 1 2 1 fragments for several classes of
0.0005] m 000061 proteins.
0.0000; 0.0000;
5.00 6.‘00 7.1)0 . &i)l) BLU 10?0C 5.00 Y 6.(‘)0 Y 7.1)0 “ . ‘ SAL)O Y BLU . ‘10?0C
min
000097 i i Inflixi b
. — 0.0036— - 0.0036—]
1 1gG1 Rituximab 119G2 Panitumumab ] IgGl - I:'elcxtl'g]naLoad' 7
1 Injection Load: 7 g 1 Injection Load: 12.5 pg 1 Chimeric jecti “Hg
:°-°°°5i 0.00247 0.00247]
< ] = - < |
0.00037 0.0012— 0.0012— ”
0'00007, 0.0000; 0.0000;
5.00 6.(‘)0 7.1)0 SAL)O BLU 10?0C 5.00 6.(‘)0 7.1)0 SAL)O BLU 10?0C 5.00 6.(‘)0 7.1)0 SAL)O BLU 10?0C
min min min q .~
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SEC Challenges for Reliable Biotherapeutic
Waters

P rOteI n S I Ze Varlant An ailyseS THE SCIENCE OF WHAT'S POSSIBLE.”
Out of the Box Performance ;
The option to have speed ( 1.7 um
_ Long SEC Method Development for Protein Aggregate, Monomer, and an scalabilit ?2 5 u(m) )
Time (Desire to have Platform Method Fragment SEC Analysis y (e
USIng PBS) icyla B o mADb Size Variant

Injection Load: 12 pg awe

s P/H (186009429]
ection Losd: 7.98

P 4 0 o
[NaCI\pH - o = E
s

gt ]

: |t I
~LODI

lﬂDI“Mg . | . b o
s ‘ ‘/\jj :1;:."::":",”
Batch to Batch and Consistency Decrease Cost per Analyses Improved SEC / MS Analysis QR Code Enabled for
R with Guard of Native mAbs Column Specific and
KJL A ACQUITY Premiar Protein SEC 2204 1.7 um [ | mm&ﬂfw = Authenticity Information
L v o
Batch #4 ‘ - .
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Woaters
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OANASESD
MaxPeak Premier for Peptide Mapping Waters

THE SCIENCE OF WHAT'S POSSIBLE."
Conventional technology

A) 1007 i native Conventional technology C)
f0 MS response (area)
80 300.0 -
3 RSD
60 4 2 4-fold 1.9%
= g | § 25004 .
£ ¥ z I g increase
> 2 ’\} \ 200.0 -
2 4o £ 404 ‘
é “ ‘ \ 150.0 -
B \ SN i RSD
1 & 100.0 -
? 20+ 1 \ ‘ ‘1 6.1%
l\ T37 ol sk
9 : . ; M e . INGE K i N=3
“ Retentionst(:me (min) i 04— J 4 ¥ v v T T ; wentional ACQUITY PREMIER with
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R N
ACQUITY PREMIER with i ACQUITY PREMIER With  wiaxeeix
MaxPeak HPS Technology FRREMIER Pl MaxPeak HPS technology "™ )
B) native — MS response (height)
199:xie RSD
1.1%
80 ] g 601 v 25 1 :
3 S, 10-fold
g : *2° 1 increase
£ 60 £ ]
= ” = A T37 .
g 40
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201 0.5 -
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0 ' . ; " 0.0
26 28 30 32 ACQUITY PREMIER with
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Retention time (min)

©2022 Waters Corporation



/\ Waters
MAXFEAIL.
PREMIER

N
Glycans




Representative Chromatogram from #1 Injection Ofers
Premier Glycan Amide and Glycan C18AX THE SEIENCE OF WHAT'S POSSIBLE”

3500000.250

3000000.250

ACQUITY Glycan Amide
+ Column conditioning is critical

2500000.260:

10e4

w, 2000000.125

1500000.125
1000000.063 1215
1353
500000.031 }\% 1004 M
RARAR}

o T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 Time:
500 600 7.00 8.00 9.00 10.00 11.00 1200 13.00 14.00 15.00 16.00 17.00 18.00 19.00 2000

EU

-7 ek ACQUITY PREMIER Glycan Amide
— : N * HILIC separation
_ — + Ideal for mAb glycosylation profile
V// +4s + 130A and 300A

500000031 ﬂ&\
T T f T

0.00 T T T T T ? T T T T T T T T T T T T T T T T T T T Y Tt
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e

e~ ACQUITY PREMIER Glycan C18 AX
MAXPEAK. . .
— Neutral | +1S [+25 {435} | +4S PREMER * Mixed-mode separation
S e  Ideal for sialylated and phosphorylated glycans

.

» Mobile phase and standard available
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ACQUITY PREMIER: Waters
Performance from Injectlon #l THE SCIENCE OF WHAT'S POSSIBLE."

15-35mer Oligonucleotide Standard (oligodeoxythymidines)

0012 Conventional LC Technology 0012 ACQUITY PREMIER Technology
0.006 - |nJ 1 0.006 - i
Inj. 1
L N DN S e
0.000 -} 0.000 -7}
0.012 - 0.012
£ £
§ 0.006 |nj_ 2 § 0.006 |nj_ 2
2 " J___J__JL_.JUL____ 2 Lu_w_ﬁ_,__«JL_..._AJ L_,,JUL_J
0.000 - 0.000 -
0012 ] 15 20 25 s 0012 _1 15 20 25 3035
0.006 - *passivated 0.006 *passivated
0.000 s L.,JL,J 0,000 =g ‘_JL‘“‘_“J p——
0.0 6.0 12.0 0.0 6.0 12,0
Minutes Minutes
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QuanRecovery Vials and Plates with Waters
MaxPeak™ High Performance Surfaces (HPS)

QuanRecovery .

EMAXPEAKE™

— First product launched with MaxPeak HPS

300 L injection vial

— Reduces analyte losses from non-specific binding
due to hydrophobic interactions

— Hydrophilic surface modification: no coating or extra
chemicals on the surface

- Increased recovery, sensitivity, and repeatability in
biomolecule analysis

700 pL 96-well plate

©2022 Waters Corporation



Summary Waters

THE SCIENCE OF WHAT'S POSSIBLE."

= The risks caused by non-specific binding and non-specific adsorption, such as poor
sensitivity, reproducibility, peak shapes and linearity, can be mitigated with MaxPeak
™ Premier High-Performance Surface (HPS)Technology

= MaxPeak™ HPS are new and innovative technologies designed to increase analyte
recovery, sensitivity, and reproducibility by minimizing analyte/surface interactions that
can lead to sample losses

— XBridge and ACQUITY PREMIER columns enhance data quality by reducing
biomolecule loses on column frits and tubing

— QuanRecovery Vials and Plates reduce losses due to hydrophobic interactions

= Synergistic coupling of MaxPeak Premier HPS hardware and BEH, CSH, and HSS T3
particle technologies combine to deliver high quality, more robust bioseparations.
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More Information and Additional Educational Assets Woaters

EC Premi
SEC Premier White Paper

[wHiTE pApER]

What can MaxPeak Premier Columns do for your protein SEC anaIySIs'7

Ensure MaxPeak Premier performance for ALL separations  _

MAXPEAIK. ; Jeamys e 3 Low Adsorption HPLC Columns Based on MaxPeak
PREMIER PREMIER . 2 . High Performance Surfaces
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\/ = e - Wt Cspoetion, Wik, WA USA
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MAXPEAK Premier HPS
Ordering Guide

.. What can MaxPeak Premier do for your glycan analysis?

PREMIER = oo MaxPeak Premier Columns featuring MaxPeak High Performance Surfaces
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https://www.waters.com/webassets/cms/library/docs/720007209en.pdf
https://www.waters.com/waters/library.htm?locale=en_US&cid=134815665&lid=135082532
https://www.waters.com/waters/library.htm?locale=en_US&cid=134810917&lid=135074596
https://www.waters.com/waters/library.htm?locale=en_US&cid=134810917&lid=135074584
https://www.waters.com/webassets/cms/library/docs/720006930en.pdf
https://www.waters.com/waters/library.htm?locale=en_US&cid=134810917&lid=135074584
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() INTACT Mass L aters

Confidence ))) Productivity (I) Accessibility
@ Mass Conformation & purity High throughput acquisition, Compliance-ready,
analysis of proteins, peptides & deconvolution & reporting. automated workflow.
oligonucleotides.
(&) ITACT Mams D etk @ v et *  Automated MS deconvolution for
e product and impurity Mass
M. . * Confirmation
; vl posc g e Q
""""" e — — + Quantitation of impurities via optical
- . TIC, or MS spectral response
F : : e ~ Automated...
‘‘‘‘‘ . 1
® B - i e v Parallel acquisition and processing

«
I+

v~ Chromatographic peak identification

. we e e e w4 Determination of deconvolution
o1 T 7 parameters
: ¢ - ‘ : v~ Assignment of product modifications
- ‘ - . - ) and impurities
k 1 - Spectra @ ()

v Report Generation
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Harmonizing peptide attribute workflows from biotherapeutic attribute Woaters
characterization to lot release THE SCIENCE OF WHAT'S POSSIBLE!

ENSURING DATA AND OPERATIONS CONTINUITY

Product Characterization Atrribute Monitoring

waters connect

X \ectwork !
X Scrver n

Attribute Characterization
LC-MS platforms

Deployable LC-MS Systems
in (cGMP) Attribute Analysis Labs

Xevo G2-XS Qtof n

BioAccord Systems

BioAccord Systems

Data
Scientific library

Intact mass

Peptide mapping
Released glycans
Accurate Mass Screening

u Peptide MAM app

QE GE Users / Client PCs

UNIFI app
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