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Future-proofing today for the biologics of tomorrow. Cl

tfers-

Pipelines expand and accelerate Most complex drugs ever made Timelines are compressing Measurement must keep pace
10-15% YoY growth Genetic material + Delivery vector Fast-track regulatory acceleration New, less accessible CQAs
Antibody scaffold + Conjugated payload QC-ready methods demanded sooner Regulators require absolute accuracy

l Three Analytical Pillars

@

Secure Product Quality Bridge R&D and Compliance Drive Operational Efficiency
Direct, dependable methods measure An unbroken analytical thread Streamlining and future proofing
every critical quality attribute: connecting early development to critical new applications
Nothing left to chance. compliant QC. with end-to-end workflows
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Secure Product Quality Bridge R&D and Compliance Drive Operational Efficiency
Direct, dependable methods measure An unbroken analytical thread Streamlining and future proofing
every critical quality attribute: connecting early development to critical new applications
Nothing left to chance. compliant QC. with end-to-end workflows

\ & Deconvolution, Z mRNA
(Empower”  Now built into % Product Quality Attributes
Empower CDS = Characterization
Walk-up access Bioconjugates
o 2\
CDMS MRT P10 IMS P20 waters connect  waters_connect ®  Characterization
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Future-proofing today for the biologics of tomorrow. -.

Secure Product Quality

Direct, dependable methods measure
every critical quality attribute:
Nothing left to chance.

Xevo Xevo Cyclic
CDMS MRT P10 IMS P20

©2026 Waters Corporation

Xevo CDMS | Precise measurement of large and highly heterogeneous
molecules previously out of reach

New: nESI AutoLoader, SEC-CDMS, Qualification ready

Xevo MRT P10 | Excellent mass accuracy <500ppb improves
results across a range of bio applications

New: x20 MS/MS sensitivity boost (m/z 50—-1200)
100 Hz MS, 200 Hz MS/MS
SONAR Pulse DIA mode for enhanced depth of coverage

Cyclic IMS P20 | Max measurement depth for complex biologics

New: Expanded mass range >100 kDa, >10x MS/MS sensitivity,
Improved native MS spectral resolution,
Enhanced CIU workflows
DynamX 4.0 software release for HDX

COMPANY CONFIDENTIAL 4



Future-proofing today for the biologics of tomorrow.

Secure Product Quality

Direct, dependable methods measure
every critical quality attribute:
Nothing left to chance.

Xevo
MRT P10

Xevo
CDMS

Cyclic
IMS P20

New:

Sy O ‘,

Waters:

Cyclic IMS P20 | Max measurement depth for complex biologics

Expanded mass range >100 kDa, >10x MS/MS sensitivity,
Improved native MS spectral resolution,

Enhanced CIU workflows

DynamX 4.0 software release for HDX
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Future-proofing today for the biologics of tomorrow.

Xevo MRT P10 | Excellent mass accuracy <500ppb improves
results across a range of bio applications
New: x20 MS/MS sensitivity boost (m/z 50-1200)
100 Hz MS, 200 Hz MS/MS
Secure Product Quality SONAR Pulse DIA mode for enhanced depth of coverage
a. Technology Improvements — Increased MS/MS Sensitivity b. Competitive Positioning
Direct, dependable methods measure
every critical quality attribute: Xevo MRT Xevo MRT P10
NOthlng left to chance. % g Lipidomics analysis vs. another leading benchtop QTOF system
g g Lipid myz
N W264.26
/\' M ocs 20 +30% +40%
| \ .2;;2§ lipids detected confidently identified
. W79468
Eg — %é \ Competitive
| e |
5 o X20 E & |
\ Lipid 1Ds 1150 880
[ '\ Curated Lipids 640 460
z T g Zf::*-r.--... . SRM1950 NIST reference material
Xevo Xevo Cyclic Toam s oam o ows % e a2 s a3 MS-Dial processing, same stringency
CDMS MRT P10 IMS P20 - "
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Secure Product Quality Bridge R&D and Compliance Drive Operational Efficiency
Direct, dependable methods measure An unbroken analytical thread Streamlining and future proofing
every critical quality attribute: connecting early development to critical new applications
Nothing left to chance. compliant QC. with end-to-end workflows

\ & Deconvolution, Z mRNA
(Empower”  Now built into % Product Quality Attributes
Empower CDS = Characterization
Walk-up access Bioconjugates
o 2\
CDMS MRT P10 IMS P20 waters connect  waters_connect ®  Characterization
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Deconvolution, now built into Empower CDS Waters:

Complex biomolecule spectra become clear mass results - in-line, in real time, inside the compliant Empower
CDS workflow your teams already use. SQD2 and Acquity QDa Il mass detectors with ACQUITY Premier.

A clear answer, not a No waiting for the Everything stays in LC-MS your whole
puzzile answer Empower team can use
Mass results your analysts Processing happens as the No moving data between Routine users in Discovery,
can read, without specialist run happens, so there is no . 9 . Development and QA/QC

. L systems: your people stay in . .
software or an expert review gap between acquisition and . . . get meaningful insight

their compliant environment.

step. answer. themselves.

Built for

Discovery * Development « QA/QC - Oligonucleotide and genetic medicines * GLP-1 « Protein therapeutics

Takes LC-MS beyond specialist MS groups into routine, regulated analysis, with less training and support to carry.

©2026 Waters Corporation COMPANY CONFIDENTIAL



Deconvolution, now built into Empower CDS

Exenatide (GLP-1 analog) using ACQUITY Premier and Qda Il

0 Raw m/z is hard to read

0 Impurity separates by LC

Waters:

e Deconvolution answers it

O
© oxidized - 14.432- QDa Il 1: MS Scan native - 15.848 - QDa Il 1: MS Scan
16 @
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deamidation 2753 psage (1085831089 73
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oxidation swo«tas 255“""l 053.47 1057 34
090900000090 0woe pex Agex

PP OFOPOEPDE”
@ QQ@G deamidation
- @-

NH2
insertion/deletion

TIC chromatogram. Spectra collected across

both LC peaks: A oxidised, B main product. need specialist review.

©2026 Waters Corporation
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oxidized - 14.450 - RT3 Deconvoluted [3000 - 50...

native - 15.858 - RT3 Deconvoluted [3000 - 5000.

420277

1

©

418717

Multiply charged envelopes confirm identity, but

Apex Apex
Retention Jv Height Base Peak
}1 Name Time et % Area 3 (Combined) | deltta_mass
mmy | GV'sec) ®V) (m2) °
oxidized ~ 14.450  1937.032 380  479.360 42027 16.137
native 15.858 | 49024723 9620 | 12614.139 4187.1 0.486 0

In-line deconvolution returns z = 0 masses:

Identity of the main product and impurity (A =
15.6 Da, oxidation) confirmed



Deconvolution, now built into Empower CDS N mm:i y
M ¢

< - J
mADb digested with IdeS, analysed using Acquity Premier and SQD 2 a E

a Chains separated by LC ° Raw m/z is hard to read e E;‘:;::omt'on gives subunit

Gomtemes mass ranpn 21808 00 cuery
et ] 5%

+ 2mv10] AC-SG02 1. W8 Scan MS TIC (1. 500 00-3000 00 £+ Caninaum. CV=Tune] nat inegrated. souse o WS spectra
i psaoo

e

Gomtmes s rongn #2108 80

e

e

" o
2teear

st 7060

s

e

TIC chromatogram: the three mAb subunits Multiply charged envelopes in the m/z spectrum In-line deconvolution returns z = 0 masses for
separate chromatographically, with spectra confirm identity, but need specialist review. each subunit, confirming identity.
collected across all three LC peaks.
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Biotherapeutic and Process Characterization and Monitoring W y
waters_connect compliance ready ecosystem aters
Deployable across Discovery Development, Manufacturing and QC

Characterization Attribute Monitoring Routine/QC Release

Attribute Characterization . Attribute Analysis
LC-MS platforms '€- waters_connect LC-MS systems
Network Server )
Xevo™ MRT Xevo™ G3 QTof MS Managed Data Scientific Library BioAccord'LC-MS System

Compliance Tools

.

Users/Client PC(s)

LC Optical System(s)
and Client PC

Peptide UNIFI™ INTACT MAP CONFIRM Bioprocess
MAM Mass Sequence Sequence Monitor

©2026 Waters Corporation COMPANY CONFIDENTIAL 11




Ready Access | Broader access, with expert control Waters:
Designed for discovery, development, CRO/CDMO and shared-user laboratory settings

For scientists submitting samples

GUIde_d . A focused interface supports users
submission  with varying levels of MS experience.

Faster access Identity and purity information can be
available closer to the point of
to data decision.

’ Actionable Automated processing generates a
output consistent INTACT Mass PDF report.

Supported platforms BioAccord™ Xevo™ G3 QTof

Xevo™ MRT

For LC-MS specialists and system owners

Predefined

' methods

Reduced

. routine

workload

More
‘ effective use
of resources

©2026 Waters Corporation COMPANY CONFIDENTIAL

Administrators determine the
acquisition and processing
combinations available to each
submitter.

Automated acquisition, processing
and reporting reduce repeated
submission tasks.

Specialists can focus on complex
analyses, method development and
troubleshooting.

using the waters_connectZ INTACT Mass Application




Ready Access | A guided route from sample to result Waters-

Simplifying submission while the LC—MS specialist retains control of the methods

0 Enter user details e Enter sample details e Place the samples 0 Review results

PDF

- - |
— Identity confirmation
= , and purity assessment
Choose the user. Enter an individual sample or a Follow the on-screen position Access the automatically generated
sample set through a focused guidance, then submit the analysis. INTACT Mass PDF report from the
interface. Select from administrator- designated location.

defined acquisition and processing
method combinations

The INTACT Mass Application remains the analysis engine. Ready Access provides the simplified submission experience through its API.

Proteins & subunits Peptides Oligonucleotides Small molecules Bioconjugates GLP-1

©2026 Waters Corporation COMPANY CONFIDENTIAL




Future-proofing today for the biologics of tomorrow.

®

Secure Product Quality Bridge R&D and Compliance
Direct, dependable methods measure An unbroken analytical thread
every critical quality attribute: connecting early development to
Nothing left to chance. compliant QC.

\ Deconvolution,
(Empower‘" Now built into
Empower CDS

~ Walk-up access
Xevo Xevo Cyclic -C to HRMS on
waters_connect  waters_connect

CDMS MRT P10 IMS P20

©2026 Waters Corporation COMPANY CONFIDENTIAL

o

Drive Operational Efficiency

Streamlining and future proofing
critical new applications
with end-to-end workflows

<

%E"—’

mRNA
Product Quality Attributes
Characterization

Bioconjugates
(AOCs, ADCs)
Characterization




Full knowledge of complex RNA structures is required
Make robust project decisions based on confident product understanding

Comprehensive, early Avoids unexpected
RNA product project delays later in
characterization development
(4
Legacy LCMS Complex, manual and
methodology for RNA requires significant

N T I Y
g N e
) Yy v

._;‘-77.

Waters:

Positions for the best
chance of regulatory
success

Difficult to deploy in a
regulated environment

Complex samples have historically required time consuming analysis, with potential for errors

©2026 Waters Corporation COMPANY CONFIDENTIAL



Future-proofing mRNA Critical Quality Attributes Characterization

-
L 3

Waters:

Automated determination for efficacy, process robustness and commercial suitability

(~50nt
Ca )

A

PPPC T

PPC T

GpppG T
m7GPPEG [TTTTTTTITTTY
@m7GepeCm T

Component%

©2026 Waters Corporation

‘ Poly Atail (50-250 nt)
untranslated region

increazes mRNA haf Sl

untranslated region

ot -——T«

@ INTACT Mass

|
@il

Average length
& distribution

COMPANY CONFIDENTIAL

Confidently monitor

RNA sequence

Routine digested oligo mapping with
comprehensive sample preparation
and software workflows

Routinely track

MmRNA CQAs

Automated workflows for 5’ capping
efficiency and 3’ Poly(A) tail
heterogeneity



Confidently monitor Digested oligo mapping: enabling routine analysis Wo’rers**

RNA sequence Simple workflow tools for confident sequence assignment

Plan Prepare Separate Detect Report

“ RAPI ZYME" L~ wiaters connect
COUIY:-

©-

wilers_connect

G3 QTof

e GVIONELY

() SYNTHETIC Library Andrew -i- Robot = MAP Sequence

Plan your experiment Digest sample with Liquid chromatography MS/MSE acquisition PFOCGS_S, reVieW_ and
with in-silico digestion simple and fast optimised for nucleic report with a dedicated
prediction tools protocols acids and streamlined

software application

©2026 Waters Corporation COMPANY CONFIDENTIAL 17




Confidently monitor
RNA sequence

Sequence  Digestion products
Subcomponents -
s = »

Enzymes A Enzym Digestion

Monomers Enzymels) Digestion product coverage (%) Digestion produst locations. Filter view —_—

RNase T1 3665 EHHH—HHHHHH—H—H—H—HHHHHHHHHH— - —
Oligonudeotides RNase MCT 9374 M @ . b

N S SYNTHETIC Library

RNase A
Modifiers hRNase 4
N

B uniaue [ Ameiguous | e Coversze

@ Polynudeotides
Total coverage: 95.07%

Digestion products - RNase T1 Coverage map ° Compliance_ready

- — —_— — « Default and user defined monomers

» Default and user defined enzymes
p— + Sample preparation planned with

— digestion tool

— —— ——_— | « Multiple libraries with user/role access

controls

©2026 Waters Corporation COMPANY CONFIDENTIAL



g;ﬂigggﬂyﬂ:@g”w @ Prepare with RapiZyme RNases

Optional @_ Step 1 9] Step 2 €3 15min
Denature ~ 2min Digest o Heat Inactivate

RNA

Primary cleavage

. \) \J \)
RAPIZYME A ORI CEEENC CEED

Y L] ' ' '
Rapizywe GG ANEEENS CEEENNC GEEND

©2026 Waters Corporation Made with BioRender COMPANY CONFIDENTIAL

Out of the box starter protocol for
reproducible sample digestion with
< 2-hour preparation

Digestion protocols for Andrew+ robot
available in the Protocol Library



RNA sequence

Confidently monitor @ Re port Wo-l-ersm

Review Sequence Coverage

Review the sequence coverage at a high level, combining coverage across your samples and enzymes

Injections 100.00%

'C. === MAP Sequence
waters_connect
e * Interactive chromatogram
- == - Dynamic coverage map
I : * Drill-down to raw data
e s - Data-rich reporting with e-sign
20

©2026 Waters Corporation COMPANY CONFIDENTIAL




Future-proofing today for the biologics of tomorrow.

®

Secure Product Quality Bridge R&D and Compliance
Direct, dependable methods measure An unbroken analytical thread
every critical quality attribute: connecting early development to
Nothing left to chance. compliant QC.

\ Deconvolution,
(Empower‘" Now built into
Empower CDS

~ Walk-up access
Xevo Xevo Cyclic -C to HRMS on
waters_connect  waters_connect

CDMS MRT P10 IMS P20
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Drive Operational Efficiency

Streamlining and future proofing
critical new applications
with end-to-end workflows

<

%E"—’

mRNA
Product Quality Attributes
Characterization

Bioconjugates
(AOCs, ADCs)
Characterization




g A Comprehensive LC-MS Characterization
I Toolbox for Antibody-Oligonucleotide
Conjugates
Ying Qing Yu, PhD

Waters Corporation

casss mass spec 2026



Bioconjugates in the Market Waters:

First FDA-approved ADC: S (
Mylotarg™ (gemtuzumab ADC = Antibody
ozogamicin) in 2000. Drug Conjugate

14+ Approved ADCs on the

market (as of 2026) j Z

>100 ADC candidates currently in
clinical trials

AOC = Antibody
Oligonucleotide Conjugate

AQOCs are gaining momentum,
with 10-20 programs in clinical
stage

©2026 Waters Corporation 23
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What is AOC Waters:
“Antibody... ...Oligonucleotide... ...Conjugate”
pa pha
mADb Linker-siRNA ‘AOC1” ‘AOC2"
MW ~140 kDa MW ~15 kDa MW ~160 kDa MW ~175 kDa

SiRNA Case Study:
ASO

= Linker Chemistry SSO l

= Antibody-side attachment approaches PMO site-specific Cysteine +C6

= Spacer types Aptamer

©2026 Waters Corporation

DNA and more

spacer + MCC linker



What we have done so far Woaters:

Oligo-Antibody Ratio siRNA Confirmation Conjugation Site ID
(7 INTACT Mass oy B —— - : s
z OAR N [ N el sl Stang sonses %‘
: 0ARO o H T ) . Shand "\— —@-
g o 1% l E; 10 » 1
. s 1w = | Lhwm

m OAR & HMW by MALS: WP8010 = siRNA: 720009066EN m Conjugation Sites: 720009079EN

OAR by LC-MS: 720009048EN

plus

None Denaturing HILIC — MS for Peptide-Oligo-Conjugates (POC)

©2026 Waters Corporation



OAR and Oligo Distribution

.@_

waters_connect

BioAccord: () INTACT Mass

=~ BioResg‘)ﬂIhygA‘L

L
Ty




OAR and AOC Integrity: SEC-MS A\
OAR analysis and quantification Waters

App Note 720009048EN

Chromatogram Overlay @ INTACT Mass  Deconvoluted Masses
Y OARD
145332.0
1.2 AOC 1 Z 40000 mAb (OARO)
E 20000
.
mAb . 145000 1 50‘0‘;}“‘ 155‘000 IGIDIGDO 165‘000 1 ?0‘000 1755000 180‘(?:01
0.8 AOC 2 Mass (Da)
=) — 160227.0 AOC1
2 2 O Avg. OAR =0.93
4 c OARO OAR2
3 0.6 -E 10000 - ~8% ~1%
2 = 1454910
=l
0.4 145000 150000 155000 160000 165000 170000 175000 180000
Mass (Da) 0;\;;?
ACQUITY™ Protein BEH™ SEC Column, .
02 2004, 1.7 ym, gflg 150 mm @ 30 °gmn 4000 e AOC2
MP: 50 mM Ammonium Acetate, pH 6.8 ?—f 9;,/?1 AVg. OAR =1.94
8 ool OARD
: : |
] 2 : 3 ; as : s o
Retentinn time Tminl 145000 150000 155000 160000 165000 170000 175000 180001
Mass (Da)
Confidently obtain average OAR and oligo distribution by MS for discovery, conjugation, & formulation
development

©2026 Waters Corporation 27


https://www.waters.com/nextgen/global/library/application-notes/2025/expanding-the-antibody-oligo-conjugate-aoc-characterization-toolbox-part-1-oar-analysis-and-conjugation-process-monitoring.html

OAR and AOC Integrity: SCX-MS Wi ' ]
Orthogonal non-denaturing method for High-Resolution analysis aters
App Note 720009048EN

Chromatogram Overla
9 y Deconvoluted Masses
100 ¢ 1454040
AOC2 AOC1 23204
a mAb 1453320~ | (1456560
Avg OAR =1.89 Avg OAR = 0.98 ‘ mAb
80 504 1458180
fasasao
1451850 459700
Y 149:2;1:1
60 0 - - -
14565 14665 1ATeS  14BeS 1435 1565
Y 10049 1602260 (— 1603900
! 137ed
® 1605400
40 AOC 1
1 e (OAR 1)
l&u!
1600860
'ISEeS IEM 1.6e5 161e5 16?5 163e5  1.6de5
100 1752800
62463
oL = _A =] AOC 2 siie e
25 5 7.5 10 125 15 175 20 225 ] (OAR?2) -
Retentinn time Tminl
1756550
BioResolve™ SCX mAb Column, 3 um, 2.1 x 100 mm @ 30 °C TS onaih g TT9I60
MPA: lonHance™ CX-MS Conc. A (50 mM Amm. Acet, pH 5.0) o
MPB: lonHance CX-MS Conc. B (160 mM Amm. Acet, pH 8.5) 170es 172es '-”*; I:J-:I‘ﬁ 17565 176eS

OAR values can be calculated via either integrated UV area or extracted ion chromatograms (XIC)
Method chromatographically separates OAR species, preferred for later stages of development and QA/QC

©2026 Waters Corporation



https://www.waters.com/nextgen/global/library/application-notes/2025/expanding-the-antibody-oligo-conjugate-aoc-characterization-toolbox-part-1-oar-analysis-and-conjugation-process-monitoring.html

OAR Results: Method Comparisons aters”

LC-MS OAR & Drug Distribution OAR Methods: LC-MS & MALS
SCX-UV- SCX-UV SCX-MS
AOC 1 SEC-MS MS Sample SEC-MS MS-based XIC-based SEC-MALS AEX-MALS
OARD 8% =0 1 0.93 0.98 0.97 1.02 1.03
2 1.94 1.89 1.97 1.99 2.07
OAR1 ~92% ~92%
OAR2 ~1% ~3%
g\féa\?:me 0.93 0.98 Waters: | &WyALT | WHITE PAPER
WP8010: Determination of Multiple Quality Attributes of
SOXUV Antibody-Oligonucleotide Conjugate with SEC-MALS and AEX-MALS
AOC 2 SEC-MS e Hongpang (tee) Las S opiA KRR WAt e LI
OARO <1% <1%
AR1 ~59 ~119 : : : :
© o% " = Consistent drug distribution results between LC-MS
OAR2 ~95% ~89% methods
INTIET 1.94 1.89 .
OAR Value = Average OAR values obtained from both SEC-MS,

SCX-MS, SEC-MALS, & AEX-MALS are comparable

©2026 Waters Corporation 29




Conjugation Site Analysis via
Nucleoside Digestion

.@_

waters_connect

N

MIAXPEAK
PREMIER

N




The Challenge: Conjugation Site Determination

N7
¥ %m
R epilos REPERE

Characteristics Usually Less Polar & More Hydrophobic, Highly Polar,

Often Carry Positive Charge Negatively Charged
Typical LC conditions RP IPRP or HILIC

(acidic pH) (neutral / slightly basic pH)
Typical MS and + -
MSMS Mode
Obstacles LC Challenges:

»  Oligo-peptide species likely not recovered in acidic RP conditions

MS Challenges:
»  Oligo-peptide species is likely more negatively charged> May have ionization challenges or

differences in (+) mode
»  Fragmentation could occur on oligo, peptide, or both

Subunit-Level Partial Site Localization: App Note 720009079EN

©2026 Waters Corporation 31



https://www.waters.com/nextgen/global/library/application-notes/2025/expanding-the-antibody-oligo-conjugate-aoc-characterization-toolbox-part-3-partial-and-complete-aoc-conjugation-site-determination.html

Sample Pre-Treatment: The Novel Workaround

= Development of a generic AOC peptide mapping protocol

— Sample pre-treatment with oligonucleoside digestion mix (NEB)
- Resulting digested product behaves just like an antibody with small modification

Waters®

Xevo G3 QToF Mass
Spectrometer (MSF &

DDA analyses) 'G-
waters_connect ™
Informatics Platform

o Standard peptide mapping sample preparation & LC-MS Analysis (RPLC-MS in acidic condition & ESI Positive MS & MSMS)

Denaturation, \
Shgo?ucleoslde Reduction, Enzymatic
|ges ion Alkvlatlon Digestion
L k cf
" ef SIRNA — \
(1 hr) (~1 hr) W™ (~0.5-2hr)
/2 RapiZyme™ Trypsin C
Peptides of Interest: Peptide with 1 Cysteine... Peptide with 2 Cysteines...
xxx>2(__i;<xxx(|)xxxx
() =mcc-ce XXXXXC XXXXXC xxxxCxxxx(llxxxx AM XXXXCXXXXCXXXX
IAM = iodoacetamide ' d !
(carbamidomethylated Cys) IAM AM Al XXXX?XXXXE;(XXX
IAM

©2026 Waters Corporation



50

304

204

Free mAb
AOC1

|1 AOC2

99% Sequence Coverage
0 Cysteine-containing peptides were missed

v

-

LC T:18-19 (+1 IAM)

Conjugation site: RPLC-MS (Xevo G3 QToF Mass Spectrometer) Waters®
Peptide mapping with AOC pre-digestion enables site localization

4 cysteine sites were conjugated

LC T:18-19 + MCC-Cé
A

+1-2mce-c6 ()
1

HC T:16-17 (+3 I1AM)

-

Light Chain T:18-19
SFNRGEC17

Heavy Chain T:16-17
$C243DKTHC245PPCy2oPAPELLGGP SVFLFPPKPK

25 5

©2026 Waters Corporation

15 175 20 25

ACQUITY Premier CSH™ C18 Column, 1304, 1.7 um, 2.1 x 100 mm @ 60 °C
MPA: 0.1% Formic Acid in water
MPB: 0.1% Formic Acid in ACN

5 475 50

App Note 720009079EN

33


https://www.waters.com/nextgen/global/library/application-notes/2025/expanding-the-antibody-oligo-conjugate-aoc-characterization-toolbox-part-3-partial-and-complete-aoc-conjugation-site-determination.html

Conjugation site: RPLC-MS (Xevo G3 QToF Mass Spectrometer)  \Waters®
Peptide mapping with AOC pre-digestion enables site localization
App Note 720009079EN

smpanent name: 1:T16-178& Carbamidomethyl C (3) [2 8 11]+H" Label: 1:T16-17&
F—sc¢; o KT———H T p——p —+—PA L——L P F L F PRICPK: 1 BMax
. t . P : F—+ L tp Gret A'—LL"fED‘—FA**P‘-'—‘* =P ‘: P : : : THTKDC ‘i Max
Unconjugated ; !
265 BoLonon E M A G401
v
. 5663659 ) | [
P ! P
ik 1 : ‘1512 60‘26 1523 045'3 N || 23s2em
" ' " ' i I ‘ I "
" [ I 0o no [SES i T 1395 | yazk
10000 N I R sofs | b ‘3“““’" 1p3z056 | ‘: Dl 2imors)) ) :
' ?13;&3#0 i l " \ m 13 orse : L ?5091321 !
2242064! 1 yeE 51?5 "6sa0 $76 | b17g! N
1200803 "7y 4&93133 ; |: y; 255?405 ‘ : s Uweze abaater 2159 2788 33166343
[ -
1] ‘nz&_hﬂ _'_4 DS bB& D7 b bm& - zom 1l H o uzsa. . . .
0 250 500 750 1000 1250 1500 1750 2000 2250 2300 2750 3000 3250 3500
sss [Da]
smponent name: 1:T16-178 Carb!m\dum!!hy\ C(2) [2 8], AOC_MCC+CAmino_hydrolyzed | Pzpmap !dd t ion [11]+H” Label: 1:T16-17&
—sc L= L {
F—x "—L—'—L—’"— - THTKDC:
1 R T A R TR A T S
i ' i
Co njug ated E 36138203 ek
15¢6
[ S A i HE [ T T
e oo [
0 . .
" SRR I 10-33% site occupancy detected per site
5663653 [ [ [
‘1'5 "F' : no LT, 7d.5;7 2130 9'?5‘ aisd 0443 zs#uih : 1 i AOC1 y.\olov
i ! ! 7134342 973, 5375 L 1370 7326 | ! 1 b1 |’§' 1 bise PR b h v?2§=MH :
I ' - y13 [ 1
1200803 324]2075 | o b Q,SW‘M ?623 ﬁ“ 7 ) 'J mlsg. | ey 3957 3qu 4654 35958146 . 0, 0,
o b ;J s H ot yia BNE P“. RO bzssc_jase, LC: C217 14.3% 32.8%
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500
Mass [Da] HC C 16 30/ 1 20/
Co3 R/ 31.2%

Fragment series beginning at b11 confirms conjugation site location C222
HC: Cy1g 15.7% 28.8%

HC T16-17: SCyp3DKTHT Cp14PPC.,,PAPELLGGPSVFLFPPKPK HC: Czzz 9.9% 18.4%

Enzymatic removal of the oligo enables CID fragmentation and analysis with well-established software tools for
confident conjugation site ID & quantitation
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Native MS for Peptide-Oligo

Conjugates (POC)

- Synthesized POC mimicking the AOC tryptic f&“ \

peptide HC T16-17 with sense strand NS
BioAccord: waters connect K
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Non-Denaturing HILIC-MS Confirms Presence of o .
Peptide-siRNA Duplex Waters

= Molar equivalent amounts of unconjugated peptide, peptide-MCC-C6-Sense Strand, &
unconjugated siRNA duplex were mixed in solution to create peptide-siRNA duplex species
* Duplex siRNA species is separated from single stranded POC by HILIC & confirmed by mass

1997 “Mock’ Conjugation Mix - 10 pmol each- POC, Peptide, & Oligo

Synthetic POC (10 pmol)

% Peptide only (10 pmol)
a0 ] Oligo, siRNA (ds) only (10 pmol) Peptide-MCC-CG-

Sense Strand Peptide siRNA Duplex is only
Peptide detectable via non-denaturing

HILIC-MS method

40 Peptide-MCC-C6-
siRNA duplex siRNA (ds)

I\

T T T T T T T T T T
3 4 5 ] 7 ] 9 10 11 12

S

Retention Time (min) GTxResolve Premier BEH Amide Column, 3004, 1.7 ym, 2.1 x 50 mm
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Can We Apply the HILIC-MS Method for POC to AOC Digests?  Waters®

= A successful method for non-denaturing HILIC-MS method was developed for synthetic POC
species (including all components--peptide, oligo, conjugate) in a single analysis.

= Could we apply the same methodology to proteolytically digested AOCs to identify and
characterize the sites of conjugation?

= ... YES... but we need some help from OligoWorks™ SPE Enrichment!

—

Denaturation, s—O OligoWorks SPE

Reduction, Conjugated g

. Allylation, & Peptide Mo
SiRNA Tryptic Digestion Enrichment -
“—
S _D HMHINH —l ) — —
mAb D
_s {
~20 min 25 min / injection

~2 hours
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More Detail on Digestion & SPE Methods aters-

/ —
I (‘)¥ung - 25 —Opma
P —“ma c

mal

= Peptide Mapping = OligoWorks SPE

— Denaturation/Reduction: 4M Guanidine HCI, 1. Condition plate: 200 yL 50 mM Ammonium
10mM DTT (dithiothreitol) for 30 min at 50 °C Acetate pH 5.5

— Alkylation: 20 mM IAM (iodoacetamide) for 20 2. Load sample (AOC digest diluted 1:1 with Wash
min at room temperature, followed by Buffer 1 (50 mM Ammonium Acetate, pH 5.5)

quenching with additional DTT. ,
3. Wash 1: 1 x 200 yL 50 mM Ammonium Acetate

- D!Iution & Tryptic Di_gestion: Dilute sample 5x oH 5.5

with 50 mM ammonium acetate, pH 6.8 and

add 1:10 (w/w) RapiZyme Trypsin. Incubation 4. Wash 2: 1 x 200 pL 30% Methanol

for 1 hour at 37 °C. 5. Elution: 2 x 25 uL SPE Elution buffer (100 mM
- Split digested sample 1:1-> TEA in 50% Methanol, 0.3% ammonium

o A) LC-MS analysis hydroxide, pH 3)

o B) Continue to SPE enrichment 6. Dilute 1:1 with Acetonitrile to bring starting

concentration of organic solvent to ~75% for
HILIC-MS

©2026 Waters Corporation 38




HILIC-MS Analysis of AOC Tryptic Digests + SPE Enrichment aters:

No SPE Enrichment + SPE Enrichment
2.00e+57 mAb 2.00e+5] mAb
g 1:50e+5 o | 1.50e+5-
g 2
8 1.00e+5- 8| 1.00e+5-
2 5
2 5.00e+4 & | 5.00e+4-
< <
a2 a3
0.00e+0 0.00e+0 AN
2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Retention Time (min) Retention Time (min)
6.00e+4 6.00e+4 AOC1
8 4.00e+4 - g | 4.00e+4+
5 8
S 2.00e+4 o | 2.00e+4
Q Q
% 1
0.00e+0+ 0.00e+0- Mo —
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
2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Retention Time (min) Retention Time (min)

OligoWorks SPE enrichment enables the detection of oligonucleotide-conjugated peptides by HILIC-MS.

Species detected include hinge region peptides conjugated to 1 siRNA duplex (HC T16-17, HC T16, & LC T18-
19), the same peptides identified by previous nucleoside digestion workflow.

©2026 Waters Corporation




AOC1 AOC2

5.00e+4

5.00e+4 = HC T16-17 +1 siRNA Duplex
P HC T16-17 + HC T16 +1 siRNA Duplex

4.006+4 4.006+4 - 1 siRNA Duplex | | LCT18-19 +1 siRNA Duplex
g 300ev4] HC T16 + 1 siRNA Duplex 5 0%
§ 5 006+4 LC T18-19 + 1 siRNA Duplex § 2 00644 HC T16-17 + 2 siRNA Duplex
< j < J

1.00e+4 1.00e+4 -

0.00e+0 T T T T T 1 0.00e+0 T T T T T 1

10 11 12 13 14 15 10 11 12 13 14 15

Retention Time (min) Retention Time (min)

Non-denaturing HILIC-MS analysis of SPE-enriched digestions of AOC1* & AOC2** reveal the same hinge region
peptides conjugated to 1 siRNA duplex (Peaks 1 & 2). AOC2 contains an additional species (Peak 3),
corresponding to HC T16-17 peptide with 2 siRNA duplexes conjugated!

*AOC1 =average of 1 siRNA per mAb **AOC2 = average of 2 siRNA per mAb
)
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Non-Denaturing & Denaturing HILIC-MS of AOC Digests Woaters®

AOC1 AOC2

5.00e+4 = 1 5.006+4 - 1
° 60 °C ¢ 60 °C 1. HC T16-17 + 1 siRNA duplex
. 4.00e+4 4.00e+4+ 2. HC T16 + 1 siRNA duplex &
(] .
% 300044 § 300044 LC T18-19 +1 siRNA duplex
£ < 3. HC T16-17 + 2 siRNA duplexes
2 2.00e+4- 2 2.00e+4
< < 2 3
1.00e+4 2 1.00e+4
0‘ooe+0 T T T T T 1 000e+0 T T T T T 1
10 11 12 13 14 15 10 11 12 13 14 15
Retention Time (min) Retention Time (min)
) .
8.000+4 90 C 8 8.006+4 4. HCT16-17 +1 Sense Strand
5. HC T16-17 +1 Sense Strand +18 Da
Q Q
g 6:00e+4 g 6:00e+41 6. LCT18-19 +1 Sense Strand
Qo 2
g 4.006+4 - 4 2 4.00e+4 - 7. HCT16 + 1 Sense Strand
=1 £ 8. Free Antisense Strand
2.00e+4 2.00e+4
5 6 7 9. HC T16-17 + 2 Sense Strand (AOC 2
0.00e+0- 0.00e+0- only)
10 P 12 13 14 15 10 11 12 13 14 15
Retention Time (min) Retention Time (min)

Denaturing HILIC-MS confirms the same hinge region peptides conjugated to the siRNA sense strand. Denaturing
HILIC-MS is used for further investigation of the conjugation sites.
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MS Approach for Oligo-Peptide Confirmation & Site Information
HILIC-MS (ESI-Positive mode)

@ @
siRNA Sense Strand C6-MCC Linker-HPO, |
(with modified C6Amino) ~ iptide + 416 Da) 6
Linker Peptide - o\ '
[~ O\ A ~° ~ ‘ \Q— S .
T 2o rpresy™ b SO P
oH In-source Targeted
fragmentation MS/MS
1 | Intact peptide-oligo ID 2 | Generate Precursor lon 3 | Targeted MSMS
(First LC-MS run with lower source cone Use in-source fragmentation (via elevated Use quadrupole to isolate Peptide-MCC-C6-
voltage (e.g. 40V)) to identify the peptide- source cone voltage (e.g. 160-165V) to HPO, precursor ion, & perform MS/MS on this
oligonucleotide species. generate a predictable Peptide-MCC-C6- species with collision energy ramp-> generates
HPO, species (among other fragments) peptide backbone fragment ions for ID (& use

UNIFI to match fragments)
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Bioconjugates Summary Waters:

= Bioconjugates such as ADCs, AOCs, & POCs are a unique class of biotherapeutics gaining
momentum in the industry.

= ...which come with additional CQAs to monitor (DAR/OAR, conjugation site determination..),
on top of already complex biomolecule components.

= These conjugated moieties pose new analytical challenges, which require novel approaches
using robust & reliable hardware and instrumentation. Many of these CQAs have been
successfully addressed in these case studies!
- DAR/OAR by SEC or IEX coupled to MS or MALS
- AOC/POC conjugation site determination by Nucleoside-assisted RPLC-MS
- POC characterization via non-denaturing and denaturing HILIC-MS
— OligoWorks (WAX) SPE can enrich POC, improves MS detection of the intact POC
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Recent Application Notes: Peptides, Proteins, Oligos Woaters®

= ADCs = AOCs
- ADCs (Native SEC-MS) on Xevo MRT Mass — Part 1: Intact AOC & OAR (720009048EN)
ipD‘zc”om;ter ‘7(32??%’?1:;‘5'\‘) Sooctromet ~ Part 2: sSiRNA Characterization (720009066EN)
- S On Xevo (0] ass ectrometer . : : : : :
(720008214EN) P - Zazr(t)g(.)goo?nélé?\la)tlon Site Localization
~ ADCs on BioAccord System (720006570EN) ~ Waters-Wyatt White Paper: SEC-MALS & AEX-
- INTACT Mass Application- Automatic ADC DAR MALS (WP8010)

Feature (720008818EN)

— Bioconjugates Landing Page

Waters- Guideboo k_:
Characterizing 720009004 E N
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https://www.waters.com/nextgen/us/en/library/application-notes/2025/expanding-the-antibody-oligo-conjugate-aoc-characterization-toolbox-part-1-oar-analysis-and-conjugation-process-monitoring.html
https://www.waters.com/nextgen/us/en/library/application-notes/2025/expanding-the-antibody-oligo-conjugate-aoc-characterization-toolbox-part-2-denaturing-and-non-denaturing-analysis-of-sirna-payload.html
https://www.waters.com/nextgen/us/en/library/application-notes/2025/expanding-the-antibody-oligo-conjugate-aoc-characterization-toolbox-part-3-partial-and-complete-aoc-conjugation-site-determination.html?srsltid=AfmBOopJfdybo_ZxeqXgSZKBvFeqp_X6PxXmXPKnfufs8veW48dgrrWu
https://www.wyatt.com/application-notes/wp8010-determination-of-multiple-quality-attributes-of-antibody-oligo-conjugate-with-sec-mals-and-aex-mals-24408.html
https://www.waters.com/nextgen/us/en/library/application-notes/2025/advancing-adc-characterization-sec-based-native-dar-and-drug-distribution-analysis-using-multi-reflecting-tof-ms-and-intact-mass-application.html?srsltid=AfmBOoqAQDxm_YI-CuU4r7rXOA6sA0HLvqbguZy5Vb4t8vw4uH30cFlt
https://www.waters.com/nextgen/us/en/library/application-notes/2024/lc-ms-analysis-of-intact-lysine-conjugated-adcs-using-the-acquity-premier-uplc-and-xevo-g3-qtof-mass-spectrometer.html?srsltid=AfmBOopnCVCDh76lTuNj1YsW8k_eqv9nePoYcDETknPXYUKXb6ZGff5D
https://www.waters.com/nextgen/us/en/library/application-notes/2019/analysis-of-antibody-drug-conjugates-adcs-by-native-mass-spectrometry-on-the-bioaccord-system.html?srsltid=AfmBOoreJFDMkQIGaZ82jicRQDa4KHfpXAkPsAOzzbURhVapjS8z5am9
https://www.waters.com/nextgen/us/en/library/application-notes/2025/the-intact-mass-application-in-waters_connect-platform-streamlines-adc-dar-and-drug-distribution-analysis.html?srsltid=AfmBOopuRKngMoewTgzLA4DvSk6mjmJ5EGwRrNQzgUHi841_hSvn3Mpz
https://www.waters.com/nextgen/us/en/applications/biopharma-and-pharma/protein-therapies/bio-conjugates/bio-conjugates-columns-and-kits.html
https://www.waters.com/nextgen/us/en/applications/biopharma-and-pharma/protein-therapies/bio-conjugates/bio-conjugates-columns-and-kits.html
https://www.waters.com/content/dam/waters/en/library/ebooks/2025/720009004.pdf?srsltid=AfmBOor8eVPgmZ8qacHCJDxL_EwsrTu_bmoKkEqF1RgTnwA8J6L3asFX
https://www.waters.com/content/dam/waters/en/library/ebooks/2025/720009004.pdf?srsltid=AfmBOor8eVPgmZ8qacHCJDxL_EwsrTu_bmoKkEqF1RgTnwA8J6L3asFX

ACQUITY, ASTRA, BEH, BioAccord, BioResolve, CSH, DAWN, GTxResolve, lonHance, RapiZyme, Xevo, and waters_connect are trade marks
Corporation or its affiliates. MYLOTARG is a trademark of Pfizer Inc. ENHERTU is a trademark of Daiichi Sankyo Company Limited. KADCYLA is a
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Woaters:

Reference: Common Columns for LC & LC-MS

Small Molecules Oligonucleotides Peptides

Reversed Phase (RP)

Size Exclusion
Chromatography (SEC)

Strong Cation Exchange
(SCX)

Anion Exchange (AEX)

Hydrophilic interaction
chromatography (HILIC)

Other

©2026 Waters Corporation

ACQUITY Premier BEH™ C18
Column, 130A, 1.7 um, 2.1 x
(50/100/150) mm

N/A

N/A

ACQUITY Premier BEH C18AX
Column, 130A, 1.7 um, 2.1 x
(50/100/150) mm

ACQUITY Premier BEH Amide
Column, 130A, 1.7 um, 2.1 x
(50/100/150) mm

ACQUITY Premier BEH Z-HILIC
Column, 130A, 1.7 um, 2.1 x
(50/100/150) mm

*  ACQUITY Premier BEH C18
Oligonucleotide Columns, 130 &
300A, 1.7 um, 2.1 x (50/100/150)
mm

¢ GTxResolve SEC Columns, 450,
1000, 2000A, 4.6 x 150/300 mm

N/A

Protein-Pak™ Hi Res Q, 5 um, 4.6
x 100 mm

*  Gen-Pak™FAX, 2.5 ym, 4.6 x 100
mm

*  GTxResolve Premier BEH Amide
Column, 300A, 1.7 um, 2.1 x
(50/100/150) mm

Lipid RP:

*  GTxResolve Lipid PhenykHexyl+
RP Column, 1.7 pm, 2.1 x
(50/100/150) mm

ACQUITY Premier CSH Peptide C18
Column, 130A, 1.7 pm, 2.1 x
(50/100/150) mm

ACQUITY Premier BEH C18 Peptide
Column, 130A, 1.7 ym, 2.1 x
(50/100/150) mm

*New* BioResolve™ Peptide Phenyl-
Hexyl Column

ACQUITY Premier BEH SEC
Column, 125A, 1.7 ym, 2.1 x 150
mm

N/A

N/A

ACQUITY Premier Glycoprotein BEH
Amide Column, 300A, 1.7 um, 2.1 x
(50/100/150) mm

GTxResolve Premier BEH Amide
Column, 300A, 1.7 ym, 2.1 x
(50/100/150) mm

ACQUITY Premier Protein BEH
C4 Column, 300A, 1.7 um, 2.1 x
(50/100/150) mm

BioResolve mAb RP Polyphenyl
Column, 450 A, 2.7 ym, 2.1 x
(50/100/150) mm

MassPREP™ Micro Desalting
Column, 1000A, 20 ym, 2.1 x5
mm

ACQUITY Protein BEH SEC
Column, 200A, 1.7 um, 2.1 x 150
mm

BioResolve SCX mAb Column, 3
pum, 2.1 x (50/100/150) mm

Protein-Pak Hi Res Q Column, 5
um, 4.6 x 100 mm

ACQUITY Premier Glycoprotein
BEH Amide Column, 300A, 1.7
pm, 2.1 x (50/100/150) mm
GTxResolve Premier BEH Amide
Column, 300A, 1.7 um, 2.1 x
(50/100/150) mm
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