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Overview of the Talk
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= Benefit of MaxPeak™ Surface Technology ACQU|WP®R

COLUMNS AND SYSTEMS

Wi MAXPEAK..

HIGH PERFORMANCE SURFACES

= Benefit of HRMS

= |nformatics Tool (Three Apps)

— Characterization (Intact Mass + CONFIRM
Sequence)

— Impurity Profiling using HRMS + Customized
data processing (UNIFI)
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Tools for Oligonucleotide Analysis — Waters Corporation

IPRP-UPLC-UV-MS

Xevo G3 QTOF MS

OST Premier 2.1 x 50
mm, 130 A, 300 A column

EEEEEEEEEEEEEEEEEEEEEEE

Surfaces
MAXPEAK:™

Particles ‘

Software Tools

waters_connect

(--- N

- etwork Server
“ Data &

— e SCiENIfiC Library

Apps

UNIFI App

INTACT Mass CONFIRM
Sequence

Intact Mass (Classic Workflow)
Peptide Mapping
Released Glycans

Accurate Mass Screening Peptide MAM

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

UNIFI App: Impurity Screening
INTACT Mass App: Accurate Mass Measurement using MS 1
CONFIRM Sequence App: Oligo fragmentation data annotation
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Some LC Separations Are More Challenging Than Others

Biomolecular analytes prone to metal interactions (NSA):
Acidic & Phosphorylated Peptides
Nucleotides

Oligonucleotides
Sialylated glycans
Glycoproteins, et.al.

Base

Phosphodiester Backbone (hydrophobic interaction)

(ionic interaction)

(Photo Credit : Sponk (talk)/Wikimedia Commons)
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Too Many Impurities
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NUCLEIC ACID THERAPEUTICS Volume 32, Number 3, 2022
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Benefit of the MaxPeak™ Surface Technology

ers’

High Performance Surfaces that mitigate unwanted surface interactions and adsorption

:O:
\/ o \\P/
" o \OH
:9: e
‘ ‘ Metal OxideSurface

26 22 .
Fe || Ti

Iron Titanium
55.845 47.868

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

©2024 Waters Corporation

HPS surface

MAXPEAK.

HIGH PERFORMANCE SURFACES

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

HPS is hybrid organic-inorganic silica

Anal. Chem. 2021, 93, 14, 5773-5781




ACQUITY PREMIER Columns

Sample: MassPREP™ Oligonucleotide Standard

0010 Conventional BEH™ C18 Column

0005 - Inj. 1
- L

0.000

0.012 -
e e
C c
3 0.006 - Inj. 2 3
N N
2 » B 2

0.000 —T

0.012 - 15 20 25 30 35

0.006 *conditioned

0.000 -

0.0 6.0 12.0
Minutes

0.012

ACQUITY PREMIER BEH C18 Column

0.006 -
\ “ Inj. 1
0.000 - M
0.012 7—1
0.006 - ‘ \ |I"lj. 2
0.000 :‘WL"“"‘—""‘_"_"_A_AJ
0.012 - 15 20 25 30 35
0.006 - *conditioned
0.000 -
0.0 6.0 12.0
Minutes

Injection of 2 uL of OST standard, 10 pmol of each oligonucleotide on column, m.p. 25 mM HAA, pH 6
*Conditioning: 500 pmol injection of 35 mer followed by “post conditioning” injection of 10 pmol of standard
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Impurities Observed from Regular S.S. Column

WONE ".‘ .“""
S/

Absorbance [AU]

Chromatograms

0.0047

0.0035+

0.003 1

0.0025

0.002

0.00151

0.001+

0.00051

*G*UA*A*C*C*A*A*G*A*G*U*A*U*U*C*C*A*UTT — 21-mer —>

Stainless steel OST column, 2.1 x 100

mm
= Blank

= FLP + Impurities

13

14

15 16 17 18 19 20 21 22 23 24
Retention time [min]

25,

26

27

28

29

30
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MaxPeak OST Column Recovers More Impurities

Absorbance [AU]

0.004
*G*U*A*A*C*C*A*A*G*A*G*U*A*U*U*C*C*A*UTT — 21-mer——
0.00351
0.003 1
MaxPeak OST column, 2.1 x 100 mm /
0.00251 10
= Blank
o002 m F|P + Impurities
9
0.00151 7
. J
0.0011 11 Deamination
2 15-mer 16 -mer /
12-mer 1 4 /
0.00051 ]_1 -mer AﬁA mer A/L\/\
» J\Mm A
0- e e A R i
3 4 5 1[9 Zb 2]1 2]2 2]3 2]4 2]5 2]6 2]7 2]8 2]9 3‘0

Retentlon time [mln]
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Benefit of HRMS Waters

Low Resolution MS High Resolution MS

Nominal mass resolution Isotope resolved

Difficulty measuring charges (z) Can measure multiple charges (2)

Good for some targeted analysis Targeted and untargeted (determines unknowns)
Requires good chromatographic separation Fragmentation for structure elucidation

©2024 Waters Corporation



HRMS for Increasing Structural Complexity? Waters
Nusinersen FLP: 2'-O-MOE, PS modified RNA 18-mer
Nominal U-C-A-C-U-U-U-C-A-U-A-A-U-G-C-U-G-G (C and U are methyatec)
B Exact mass = 7122.2763
m/z ‘
| ﬂ\ {\| !\
High \, Y Nominal mass MS can not difference them
resolution I
UL
LTI
miz n-u 6728.2163 1681.0468
n-c 6729.2003 1681.2928

©2024 Waters Corporation

Ref: In-Depth Impurity Assessment of Synthetic Oligonucleotides Enabled by HRMS (fda.gov)



https://www.fda.gov/media/166575/download

HRMS Can Measure Impurities with Small Mass
*GH*UA*A*C*C*A*A*G*A*G*U*A*U*U*C*C*A*UTT — 21-mer

Example: Deamination: + 0.98 Da

Waters:

Change from FLP

5-methyl-cytosine - Thymidine

2 X

2342.44805 X
2342.11120 [M-3H] * charge state
Full length product (FLP) 534278492
__1.5e6-
wv
£
S LML 2343.12182
= 1e6-
‘@
{
g 2343.45875
—  5e5-
2343.77587
r /\\2344.1 1284 ——
0 /L
2339 233925 2339.52339.75 2340 2340.25 2340.5 2340.75 2341 2341 25 23415234175 2342 234225 23425 234275 2343 2343.25 23435 234375 2344 234425 23445 234475 2345
SO0 -2342.44805 2x
i 2342.11120
Deaminated Full length product (FLP) — Peak W——
£ 6000{ # 11 j
3
Y,
2 4000- @ 2343.10200
2
g
(o
o . 2343.45875
234143757 2343.79569
0

Observed mass [m/z]

2339 2339.25 2339.5 2339.75 2340 2340.25 2340.5 2340.75 2341 234125 23415234175 2342 2342.25 2342.5 2342.75 2343 23432523435 234375 2344 234425 23445 234475 2345
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Analytical Strategy for Synthetic Oligonucleotide Impurity Profiling Waters’

LC-MS: Quantitation
Full-length and co-eluting impurities:
mono PO, n, n-1, n+1, !
Anticipated level 0.5-4.0%

LC-UV Quantitation
Deletion sequence impurities
Anticipated level 0.1-3.0% LC-UV Quantitation
| Addition sequence impurities
| Anticipated level 0.1-2.0%
I . 1
Ay ——, T A

| RN Wi
LC-MS: ID & Monitoring of emerging impurities
Degradation impurities <0.1%

J. Am. Soc. Mass Spectrom. 2020, 31, 1775-1782
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Informatics Workflow to Support the LC-UV-MS Analytical Strategy ers""

Oligo Characterizations

o
INTACT Mass App waters_connect CONFIRM Sequence App

Automated charge deconvolution
Build sequence in scientific

for accurate mass measurement

Targeted or untargeted data brary

process
LC-UV and LC-MS quantitation

Structure elucidation using MS
fragment ions

Sequence coverage viewer

©2024 Waters Corporation



Waters:

@& Hub @ Help [ Feedback e waters_connect A. \/

@® View Sequence

Sequence

2 3 4 5

*G*UA*A*CHC*A*A*G*A*G*U*A*U*U*C*C*A*UTT — 21-mer

7 8 9 12 11 12 13

1 5 6 7 13
OMEG 2'-OMe-S5Me Uridine OMEA OMEA 2'-OMe-5-Me Cytidine 2'-OMe-5-Me Cytidine OMEA OMEA OMEG OMEA OMEG 2'-OMe-SMe Uridine OMEA

15 16

17

18

19

20 21

2'-OMe-5Me Uridine 2'-OMe-5-Me Cytidine 2'-OMe-5-Me Cytidine OMEA 2'-OMe-5Me Uridine dr dT

4
o

Base

1 OMEG Guanine

2 2-OMe-5Me Uridine 5'-Methyluracil

3 OMEA Adenine

Predicted fragment ion monoisotopic mass (Da)

lon series Previous monomer

1/20 OMEG
1/20 OMEG
1/20 OMEG

Sugar

2'-OMe

2'-OMe

2'-OMe

Next monomer

2'-OMe-5Me Uridine

2'-OMe-5Me Uridine

2'-OMe-5Me Uridine

Linker Elemental composition

Phosphodiester C11H14N507P(0OH)
Phosphodiester C11H15N208P
Phosphodiester C11H14N506P

lon Elemental compesition

al C11H13N504
b1 C11H15N505
cl C11H14N507P

14

2'-0Me-5Me Uridine

Monoisotopic mass (Da)

376.0658

334.0566

343.0682

Expected mass (Da)

279.0968

297.1073

359.0631

Sequence details

1D
Oligo D423

Sequence

OMEG 2'-OMe-5Me Uridine OMEA OMEA 2'-OMe-5-Me Cytidine 2'-
OMe-5-Me Cytidine OMEA OMEA OMEG OMEA OMEG 2'-OMe-5Me
Uridine OMEA 2'-OMe-5Me Uridine 2'-OMe-5Me Uridine 2'-OMe-5-
Me Cytidine 2'-OMe-5-Me Cytidine OMEA 2'-OMe-5Me Uridine dT

dT

5' terminus
OH (R group)

3' terminus
OH (R group)

3' linker
Removed

Monoisotopic mass (Da)
7.027.3761

Elemental composition
C229H306N760143P20

Date created
3/31/2022
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INTACT Mass App Data Processing Results

@ INTACT Mass

Deconvolved
z, 5e7 -
D
c
]
£
Peak no:
1
T T T T T T T T
6600 6700 6800 6900 7000 7100 7200 7300 7400
Mass (Da)
Mass (Da): - Intensity: -
Raw B
26—
[M-10H] 2°-
>
£ [M-9H] *-
c
] 1e6 — 780.1561
- 8- -
£ M-8HI*IM-7H] - [M-6H] & [M-5H] 5 [M-4H] 4
3 1003.343 1170.734 1405.068
AL 1 | | l
1 I 1 1 U 1 1 1 1 1
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
m/z
m/z: - Intensity: -
MAIN PEAK
Mock C
2
w
g 16 7z0.1561
3
£
794
B77.7946 1 003.343 1170734 1405.068
o I | i |
0 1 1 U 1 U 1 1 1 1 1
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
m/z
m/z: - Intensity: -

10

11

Component

D1423 n-OMeA[5] & n-OMe5MeC[2] & n-OMeG[2] & n-OMeSMeU

D1423 n-OMeA[4] & n-OMe5Me([2] & n-OMeG[2] & n-OMe5MeU

D1423 n-OMeA[3] & n-OMe5Me([2] & n-OMeG & n-OMe5MeU

D1423 n-OMeA[2] & n-OMe5MeC[2] & n-OMeG & n-OMe5MeU

D1423 n-OMeA[2] & n-OMe5MeC & n-OMeG & n-OMe5MeU

D1423 n-OMeA & n-OMeG & n-OMe5MeU

D1423 n-OMeA

D1423 n-OMe5MeU

D1423 n-OMe5MeC

D1423 unknown[-NH5]

D1423

D1423 Deamination

Observed mass
(Da)

3,593.702

3,936.762

4,638.916

4,981.988

5,315.046

5,991.181

6,684.310

6,693.332

6,694.315

7,008.354

7,027.390

7,028.315

*GH*UA*A*C*C*A*A*G*A*G*U*A*U*U*C*C*A*UTT — 21-mer

Expected mass
(Da)

3,593.707

3,936.775

4,638.907

4,981.975

5,315.048

5,991.188

6,684.308

6,693.320

6,694.304

7,008.334

7,027.376

7,028.360

Mass error
(ppm)

Identity
result

Pass

Pass

Waters:

Observed Observed

TICRT

(mins)

4.74

7.37

9.66

12.88

13.80

17.76

19.59

20.13

20.39

20.13

21.22

20.39

UVRT

(mins)

4.69

7.34

9.61

12.83

13.77

17.72

19.55

20.08

20.34

20.08

21.19

20.34

LCarea

1.222

2,737

2,625

5,276

4,704

7,942

13,473

13,283

26,001

13,283

469,430

26,001

LC amount

(%)

0.5
0.5
0.9
0.8
1.4
24
23
45
23

4.5
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Sequence coverage of the 21-mer oligo analyzed using

(DIA) Acquisition

Results: Oligo D423

Sequence coverage: 100.00% (1/1 spectra selected)

¥20

- 9'@ 0@

OMEG 2" -0M. OMEA OMEA 2'-0M. | 2"-0M..

3-B3 —— 3-B4— 3-B5 - a-B6 —

a2 34—l
b2 b3 = bd — bS — bE —
c2 €3 —i cd — €5 —1 6=l
g2 A3 o4 — dS —t

Spectrum

ligo MSE optimizat
cD E

: TOF MSe (600-5000) 40-60V ESI-

14tl

©2024 Waters Corporation

OMEA OMEA
3-B7 — a-B8 —
b7 =
€7 8 —
48—

Retention time
window (min)

28.75-29.25

—z13 —z11 z° — 28 6 S

[~ Z>

— 15 — 12 — 11 ¥9 f— 2 ¥7 y6 —y5
— x13 —x11 x7 x6 — x5

— wiS — wid p—wi3 — wi2 p—wil — Wil p— w3 wé — w5

OMEG OMEA OMEG 2'-0M. OMEA 2"-0M.  2'-OM. | 2'-OM. | 2'-OM.

3-B9=— 3-B10— 3-B11—f 3-B13— 3-B16=— 3-B17—
bS —
€9l €17 =t €17 =
Precursor
Acquisition type observed mass Charge state % Precursor
(Da)
MSe 7.027.3574 2-3-4-5- 81.74

Waters:

Export table data Apply and save l Discard

() CONFIRM Sequence

—z4 — 23
— 4 — 3
— x4 P—x3 x2
—wi f— w3 w2
00 0:
OMEA 2'-0M. ar dT
3-B18 — 3-B20
a20
bz0
c18—
% Coverage Dotmap

10000 0 00000000000000000000




Sequence coverage for an 11-mer impurity (m/z=1197.0, [M-3H] 3 precursor)

CONFIRM Sequence

Select sequence

Select method

Select samples

Results

©2024 Waters Corporation 8

BETA: Not Released Software

Results: 11-mer impurity D1423

Sequence coverage: 81.82% (1/1 spectra selected)

OMEG 2'-0M. OMEA
a-B3
b2 b3
c2 c3
d2
Spectrum

2

-0M.

2

-0M.

3-B6—

e 5 g 3 y2
x2
— w5 —wd w3 w2 |— wi
2'-0M. OMEA 2'-0M. ar ar
a-B7 — 3-B8
b7 =
€7 =

Retention time window

Acquisition type
(min) 1 yP

3.20-3.40

MS/MS

Precursor observed

S Charge state
mass (Da) =

3,593.7022

Waters:

@ Hub (?) Help (3 Feedback e waters_connectA.

Export table data Apply and save ‘ Discard ‘

% Precursor % Coverage Dotmap

3- 4014

cOeeeeeeeee

‘\'



Customized Workflow for Impurity Profiling
-Method Transfer from Single Q to TOF MS

Oligo Targeted Impurity Analysis Workflow
UV Cut-off

55T - Injector Repeatability
55T - Calibration Curves

UV Chromatogram

EICs Review

Components under FLP
Components under n-1

.
.

.

.

e Extracted lon Chromatograms
.

.

@ Sample Result Summary

.

Adduct EICs

Oligo Untargeted Impurity Analysis Workflow
Identity Test

Sodium Adduct Level
Harsh vs Standard Comparison

Unknown Impurities Under FLP Peak

©2024 Waters Corporation
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Targeted Workflow

» Detects and quantifies named impurities using extracted
lon chromatogram (XIC) of mass data

« Quantifies unknown impurities chromatographically
resolved from the FLP using integrated area of UV data

» Uses Quantify Assay Tof 2D Chromatographic Workflow

Untargeted Workflow

* Identifies unknown impurities coeluting with the FLP
peak using m/z information

« Quantifies unknown impurities using extracted ion
chromatogram (XIC) of mass data

« Uses Accurate Mass Screening Workflow




Targeted Workflow Automated Data Processing Steps Waters:

Steps for analysis of known impurities and impurities chromatographically resolved
from FLP

Manual SST and

Integration Integration
Calibration

Curves

Adjustment

of UV data of XICs

Component Summary ~ P # A& _ O Quantiation Calfration = Baw o Region parameters (Full Range) ~
e — RSO 0N 50
A Componentname | Latest Eluting Impurity End Time {min) | Time Difference (min) | Observed RT (min) | Response | UV Cut-off Point (min) Pt s ety [T Reglon events (Fu” Range) i
g one
Nusi 72568 0ser2 619 5001257 71763 - ch . . .
romatographic peak width Peak detection threshold
Add Remove graphicp
g Automatic peak width Automatic detection
i “ A | Type Start Stop Value
h . i “ - 5 3 e '
romatograms G B -l - o H Peak width: 60.0 seconds Detection threshold:
Item name: Nusinersen standard 50V 5500C 050l Injection volume (uL): 0.50 H
Channel name: TUV 260: Integrated i 25 / 1 || Detect shoulder peaks 1 8
00125 | H T =
nhibit integration ¥ 8 12 . . _—
of - - . - - - - I’ 2 =] Peak integration Peak rejection
0 P ) % M 2 s s 18 ? 2 4
001 Amouet ]
2 Individual Points. Liftoff: 0.0 % Minimum height: 0.0
£ 0007 a4 | e ame lel o %Devshon(3) | Kvke Tvee  Couied e ColubindY o | Repote manber | Sample pusion
g o | ot . 2t % 000 e ws oz 116 Touchdown: 0.0 % Minimum area:  300.0
2 || Musnerses B0V 400cC Tptful  Level 2 "0e
751
00025 T3 TR 7es 8001y 3 | Musnsses GVABGC AL Lewl3 b
1 4 | Musinersen 60V A000C 2podul  Level & e
Peak detection limit
35 4 a5 5 55 6 65 7 75 8 85
Retention time [min]

Maximum allowed number of peaks per chromatogram: 10

Application Note: 720008206

©2024 Waters Co atio



Untargeted Workflow Automated Data Processing Steps

Steps for analysis of unknown impurities coeluting with FLP

Sodium
Adduct
Test

|dentity Harsh vs

Tes Soft

] Component Summary = # X2 _ 0O
Companeat Summary « Pe# 2 _D UL P Component Summry = i<# _0O Companent ummary « ig# £ _ O
A Compzner nama it [ Clwmnd wis N 4 Peserr " e [ 4 Componem Igasnty Label Observed s | Delt Mass b FLP (o Observed RT (i} Detector counts | Rempome  Imgaurity %llesgronse 1
m s s o wm u
e | o 2 ot s 26107 JrA—— e P ™ 2 Conss s = o o s .
I Cmidan M AT i M DD Commen | 2mans s s o 24| ot v 2772087 | o e
24 Condiciabe Maes 20770067 Canchclate Maws 270086 Common. e 5 57 g 25 Canciutute Muss. s e o o e .
25 Condciabe bass 2ITET646  Canciclate baws D7B6156  Comman. A §12 33 e M s e o T =
Fpreerre— s oz o we o
25 ot s 205 JEAS—— 2760 ™ w
28 o s 208072 o et o 0
T —— JrAS— " ™ w0
30 Concin o 20613583 s e o we
R JEAS—— o ™ s
. . . . 50 Comsee o MG 250736240541 auisann e o5 v
« . « e = = — .
Chromatograms ~ i 3 e B KEC52 _ O Specra = W B33 O Chvomatograms iy F o B W51 _ O Spectra a BL-32 _ 0O 1 F— " O o F— o — e - B - " B L
i e Mo s 04 4002 830 e e ot s 304 480.._Chsrs e T 6344 /11500 . e s s s S0V K00 Q3 o e Moo oo 90 400, Chan rames e 3455+ grams ~ " o = peca » - ORI o -0 pocers ~ " = -0
‘Charm| name Nusinersen [~ 1809 2P| 178,200 W desciption . Granel e Nogmersin + N [+e] - (B0 PPV 17855626 e desengton 1w s sirarsan sanctad S04 550 5 e arm: Honinarsan stamad 324 5 e name: Wesinersan standaed S0V AD00C B30k tae rame: Mugnersen st S0V 4000, Chanel rame Time 61504 -/~ 10060 mi
Wanesn . ste it [ 6D PP TCF MS HO- 5000 S0 Skt Scthed | o descrgtias Chaems e T Chamrai o © [ T ——— o i e
o 2 ~ e = e i
- s o—
S0
- - | 0 e =
0 -~ £ am1as b,
T 1 i
H H i oo aazsies| Fl
"measeme < Lie o N L 5 %0
) z I
¥ [-e109188 s -
f a 4 s
® B oo pe—— H
- i e LI exscasna
asaant . o
o i
T 35 s T i soazmr lresrzao
h P T T r 0 T ﬂc : ; £y T 3 T r} O IR ) T u N g
oot o 7 I . L
Obowwrvesd s i) Item Aame: Nusinessen standan S0V 4006C 05l e narme: Nutingssen standsid S0V ° 5 5 [ 25 5 0 WN 100 200 0%
Cramt v . TS558 A Y TCF M MO0 S0 500 55t st | s oo Commmrare T [ —
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Report Generation
Built-In Report Templates Enable Rapid Interrogation of Data

ftem name: Oligos Impurity Analysis Untargeted Workfiow KD 20231016

L Spectrum View

ftem name: Nusinersen standard 50V 5500C 0.5ul.
Ttem description: , Channel name: Time 6.3046 +/- 1.0000 minutes

100 178031459 1780.56618
- %
2
£
]
> 50+
s
175105000 17640789 176981136
v
175132224 175844476
H
S
% s
2
2
il
L T T ) T T T T T
0SS a0 17es 1m0 s 17 e 1

Item name: Nusinersen standard 50V 4000C 0.5ul.
Item description:, Channel name: Time 6.3464 +/. 1.0000 minutes

Table View

1 511182 7520
2 589243 552 63366
3 1016598 633 105

4 1186045 635 28

5 1423446 634 751

6 1775567 622 206

7 1782577 637 844
8 1793581 648 218

9 1795818 649 245
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Data Package Available: Nusinersen

Build your own method based on this data package

. "%a@ff’
= Nusinersen Is an 18-mer antisense e ;i
oligonucleotide used to treat spinal e ’E,,Q
muscular atrophy X ?—j;%ﬂ e ag

Joie é g g
| TSURRIN ¢
*=The exact mass is 7122.2763 Dalton We 1
_ Nusinersen

= Sequence:

U-*C-A-*C-*U-*U-*U-*C-A-*U-A-A-*U-G-*C-*U-G-G
(methylation on “C” and “U”)

©2024 Waters Corporation
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Summary

MaxPeak HPS
Technology

Greater consistency and
repeatability, enhanced
sensitivity and dynamic

range, less
passivation/conditioning
time and cost

/

©2024 Waters Corporation

HRMS and Informatics
Solutions

Improved sensitivity and
mass resolution to
address challenges
analyzing increasingly
complex
oligonucleotides

ers’

Wat

Oligonucleotide
Impurity Analysis
Workflow Package

Semi-automated data
analysis workflow
package to streamline
data analysis, reducing
time, required training,
and risk of error

J
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Questions? Waters'

" Solving problems that matter

Yin ing Yu@waters.com


mailto:Ying_Qing_Yu@waters.com
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