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Outline - MS Platform for
Biotherapeutic Characterization
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J&J

Cell Engineering — Analytical Sciences

Analytical inputs to guide Cell Line Development

Product quality attributes essential in selecting high quality cell lines
HRAM mass spec platform built for biotherapeutic characterization
Multi-specific Aggregate and Chain Mis-pairing analysis QE-UHMR
Determination of LOD by Intact mAb spiking experiments
Importance of avoiding sequence variants

LOD, LOQ testing of SV and PTM by peptide map

Disulfide map with ETD on Eclipse

Role of Automation in Analytical Sciences

Future Directions



Cell Engineering &
Analytical Sciences

Dlscovery/ Lead Cell Line
‘ Early Development
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Frequent Analytical Touchpoints Along CLD Process

A n a Iyti C a I I n p u tS G u i d e o  Selection from different transfection pools
C e I I I_ I n e D eve I O p m e n t o Screen large numbers of 96DW plate clones

o  Early look at product quality stable cell line (BRX)

o Selection of Final Mfg Clone
Integrated, Real-time Analytical Feedback: Highest Quality Clones move Forward

CLD Start

|

: Cell Line
; Selection
Transfecl:tion 96 Deep Well 24 Deep Well Bioreactor

Pre-CLD Ratio Scouting o0 Clonal

Master
A A A A A A C(:]IIS Beank

J&J A Analytical Input



Product quality attributes
essential to selecting high quality
cell line

Product Quality Attributes

o Correct MW, Primary Sequence
o Intact mass, peptide map
o Sequence variants
N-Glycans (GO, GOF, G1F, Man5)
Coll Culture/ O-Glycans, Lys hydroxylation, Linker mods
it o o Truncations, extensions, clips, terminii
o PTM — typically function of molecule
o Signal peptide processed
o Dimers, trimers and High order aggregates
o Mispaired chains — homodimer, 1/2
o Disulfide-trisulfide, free thiol, Cys
o Aggregates and high order species

(@)

o

J&J



HRAM Mass Spec Platform tfor Built
for Biotherapeutic Characterization

From Aggregates to Peptides

10. l
QE UHMR - SEC/MS -Native ESI \\ (, OE 480 - Intact Workflows

-——z»

Neo — nESI FAIMS Eclipse
advanced characterization OE 480 - Peptide Workflows, SVA

J&J

Analysis of Large Molecules requires high resolution
and accurate mass

Characterization of aggregates rely on UHMR
optimized to transmit high m/z

Extended mass range of Exploris offer flexibility for
intact to peptide applications.

Reduced footprint of Exploris ideal for close spacing
next to robotics.

Common format for sample lists and raw data format
facilitates scripts to automate steps

Users training and experience, familiarity with

Xcalibur, Chromeleon, Vanquish LC



QE UHMR Optimized for
High Mass

/ Bent Flatapole

Transfer Octapole

&

%%\ “ Quadrupole

HCD Collision &3“ 6 Split Lens
Cell : /
N . ‘ lon Transfer
% Capillary

RF-Lens

_{M[100000-6000007 myz[2000-3000]

G000 +05 { Trimer \
] 378987 4 Mar:sr l::::lzzer
. 126,264.9 Da 4
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505356.0
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Native SEC-MS - Isolated
High MW Fraction
Tetramer and Pentamer

Tetramer

l
| | |
‘| “ “ Pentamer
|1| R
II| ‘

000000000000000
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Manufacturing Challenges

of Multispecif Ab
Concurrent Expression
&/ o/ \e/

ProA Purification

Further Polishing

J&dJ

Control excess HCZ2 through
transfection ratios.

Aggregates are difficult to control
through expression conditions.




ldentification of Trispecitic Impurities SEC-
MS & Quantitation SEC-FLR

Heterodimer

Aggregate

Txn-4-1 J

Homodimer HC2

Txn-3-1 J rL

. A

HC2

Txn-1-1 JL\
— e

o
&}
I
+
Txn-1-2 P

Txn-1-3 o= )

Heterodi

L L L T L L

16

18 20 22 Minutes o4

|i|||1[li
26 28 30

DO

l Overexpress HC1

N

l T Overexpress HC2
Ret. Time. 19.9 21.8 221 244 24.8 26.7 28.0
Dimer and | Dimer and
D “Heterodime *HC2 Heterodimer HC2 Dimer HC2
+HC2 Dimer| Tetramer
Txn-4-1 0.4 1.4 0.0 0.0 0.0 0.0
Txn-3-1 20 24 0.0 0.0 0.0 0.0
Txn-2-1 37 29 EG 0.0 0.0 10.8
Tun-1-1 *5 6 *4 0 6.7 51 0.0 209
Txn-1-2 5.6 *4.9 13.7 83 1.0 30.5
Txn-1-3 6.7 *H 4 17.6 98 12 35.4
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Elucidating the Mechanism of
Multispecific Antibody Aggregation
through Subunit Analysis

HC1 HC2
6049.1128
100 - RT: 17.89 i e NL: 3.69E4
T : ’ 50 5615.3960 B563.0215 8OSTATIT  9mar.0039 z_és l280s budt
\“‘ SEC LC Separation using the z=28 | l l l“ A 2—16M : Tetramer
N Vanquish Horizon system: 0 st l6049_%88 - L “1&04344;7#
- ; ; 100 1 R z= z= .
w * 75 mM NH,OAc, 100 pL/min RE-0.24 56152734 (| sssa 050 96323672 T Trimer Lt ©-40E4
i i 50 2=28 o4 7865.7700 8502.8 A
o ll]\ e 50 min gradient 2701 l z=24 7 ;Eg s 121150068 1293.9408 1 18 3069
e 20 pg on column 0 sl Z Ak Aa e
e \\l "\\[ 4 l\\“ Hg 8280.5459 57410986
§ o g«l —— x2—— 100 7 RT: 19.12 7866.3335 e : NL: 5.38E5
g ] I\\" 8 o 58247676 2=40 9265.0049 Dimer
H s | 4622.8545 Zzil 74822'31? ?4 [ =34 101595449 11658.8467 12502.3418
- 19.12 i E o 2=34 A N = A R =
E "\\k "\l ﬂ[é 5 6048 4400
, 2 100 7RT: 21.93 i 2007508 NL: 5.71E6
20— éll\\llﬁn\\u non — %6 ——— T g . 66161230 Monomer
\1;2? s 37.20 « ABASTO0 5244,4243| 16552 S 8279.9893 100434990 112441465 121105156
p 012 3.09 555 825 952 1237 > 3 2899 2035 207 )\ ) 2=37__ Z=3C,;6.2 - P z=47 z=42 z=7
} ' 100 1RT: 23.12 22 NL: 9.13E4
e Clips ~ 129K e Light chains/scFV clusters ~ 27K 5178.9629 6166 4390 Clip(s)
50 z=25 71911626
4771.0000 || n n
0 =2 Ul n . .
. . . 3091.7947
SEC LC Separation using the Vanquish 100 1RT: 20.35 %° ot ehaecr o NL: 2.09E4
; 8974.5215 ight chain/scFV clusters
Horizon system: 50 25297468 J J 2746378042 9
Z= 7=
) 0 : | | PR S S T | M | | ‘ | | . ® 8ms transients
-75 mM NH4OAC, 100 pl_/mln / 1,000 2000 3000 4000 5000 6000 7000 8000 9000 10,000 11,000 12,000 13,000 14,000 15000 (1,563 @ m/z 400)

/ a m/z
-50 min gradient
20 —_— J. Am. Soc. Mass Spectrom. 2023, 34, 12, 2654-2661
-20 pg on column »\

J&dJ




Relative Abundance

Relative Abundance

SEC-MS Profiles
Multispecific Subunits
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Intact
Workflows

Johnson&Johnson |itact (Top down) Workflows



C O m p re h e n Sive IVI S Intac’; Assays Confirm MW and Assess Global
Modifications,
Characterization — Top to Bottom

Intact Mass Degly Intact Mass Reduced Mass Subunit Mass

J&dJ



Orbitrap Exploris 480

lon Optics and Mass Analyzers

Thermo
Scientific™
OptaMax™ NG Thermo Scientific™ Advanced Quadrupole Independent lon Routing
Electrospray lon EASY-IC™ Internal Technology (AQT) Charge Detector Multipole
Source Calibrant source
1 l C-Trap

W)

—
! e — e
e —

High Capacity
Transfer Tube
Electrodynamic

lon Funnel

Advanced Active Beam
Guide (AABG)

Thermo Scientific™ Q Exactive™ HF MS

Thermo Scientific™
Orbitrap Exploris™ 480 MS

91cm i i 53 cm i

182 kg (400 Ib) 120 kg (265 Ib)

e bt aeaiaat Ultra-High Field Options:
WEI S gracie Orbitrap Mass Analyzer (new Thermo Scientific™
OT manifold, improved | FAIMS Pro interface
pumping, Thermo Scientific™ + EASY IC (Internal
TurboTMT™ data acquisition Calibration)
powered by ®SDM ) Thermo Scientific™
BioPharma option (up to
m/z 8,000)

J&J

Performance Characteristics

Resolution
Mass range
Scan rate *
Mass accuracy *

Sensitivity

Dynamic range
Polarity switching

Multiplexing

480,000 at mz200 <*——
m/z 40-6,000 or up to m/z 8,000 with BioPharma option €——
Up to 40 Hz at resolution setting 7,500 at m/z200 «——

< 3 ppm with external calibration
< 1 ppm using internal standard, lock masses

MS/MS: 100 fg reserpine on column S/N 150:1
SIM: 50 fg reserpine on column S/N 150:1

+—

> 5,000 within a single spectrum

One full experimental cycle acquired in at >1.4 Hz where the cycle consists of
acquiring one full scan MS in positive and negative polarity at a resolution setting of
60,000

Up to 20 precursors per scan

o Analysis of Large Molecules requires high resolution and accurate mass

o Characterization of aggregates rely on UHMR optimized to transmit high m/z

o Extended mass range of Exploris offer flexibility for intact to peptide applications.

o Reduced footprint of Exploris ideal for close spacing next to robotics.



Intact Mass on OE480 with

Biophama Option

Relauve Apungance

1.05
BP:2698.4771

1.05
BP:2698.4771

101 19748152

1900

T
1.1

09 1.0

Time (min)

NL:3.4068
TG MS

QC_NISTmAb_200ng_OTExploris480 MA10044C_2 1mm-femmAbPacRP-142)

5041_3-5kV_RF200_20eV_IPs_AGC50_041420_67

NL:B.62ET

Base Peak miz= 1500.0000-4000.0000 MS F: FTMS + p ESI 5id=20.00 Full

ms [1800.0000-4000.0000]

QC_NISTmAb_200ng_OTExploris480 MA10044C_2-mm-IcmmAbPackP-142)

5041_3-5kV_RF200_20eV/_IP-s_AGC50_041420_67

C_NISTmAb_200ng_OTExploris480-MA10044C_2- 1mm- 1cmmAbPacRP- 1425041_3-5kV_RF200_20eV_IP-s_AGG
T: FTMS + p ESI sid=20.00 Full ms [1900.0000-4000.0000]

100 2647.4437 100 2647.4437 2695.5936
2745.4388 %0 i

2556.1621

2000

72797.2230

2512.8656

2471.0170

2430.5583

2391.3308

Relative Abundance
o
3

2246.4570 20
2088.4092
0 10
0 Loty vt
2100 2200 2300 2400 2500 2600 2700 2800 2900 2640 2660 2680 2700

(2650.3485 26926285 | |2698.4882
|

QG_NISTmAb_200ng_OTExploris480-MA10044C_2-1mm-1cmmAbPacRP-1425041_3-5kV_RF200_20eV_IP-s_AGCS5|

27454388

60 27014934

2742.4856
2751.4826
2704.3683 )
|
| 27131903 ;2 54.4863
| 27386088 2757.0417
Ao I ALV
2720 2740 2760

NIST_mAb_intact_noCtermK

100 9 ppm 2xGIn->Pyro-Glu,1xA2GOF,1xA2G1F
3 148199.93
- GOF/GOF 148036.4
E NIST_mAb_intact_noCtermK
E 10 ppm 2XG|n_->Pyrt_J-G|u,2_XA2G1F GOF/G1F 148198.6
2 E 148362.22 GIF/GIF  148360.7
%, 70__ 12 ppm G1F/G2F 148522.8
g 604 148038.17 G2F/G2F 148685
[ =
2 g E NIST_mAb_intact_noCtermK
2 E 2xGlIn->Pyro-Glu,1xA2G1F,1xA2G2F
© 7 ppm 148523.86
x 403
30
3 NIST_mADb_intact_noCtermK
2043 2xGIn->Pyro-Glu,2xA2G2F
3 5PPM 148685.79
104
3 147834.37 148843.04
0 . . .- AN
T T T T T [ a4 = LIRSt FRECLEOE BN FRL N G B | T T T T T T 1
147000 147500 148000 148500 149000 149500 150000

J&J

Mass

200 ng NIST Ref. Std on OE 480, 12 ppm

Intact Assays

o

Confirm MW within 15 ppm
Glycan profile

Assess PTMs, Clips

Excellent tool for 15t pass at purity, undesired species

Require only ~ 100 ng of material
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Intact Spiking Experiments to
Evaluate Instrument Dynamic Range
and Recovery

o Experiment Details

O

®

O

O

Spiked NIST mAb (145,149 Da) into Waters mAb
Levels: 0, 0.1, 0.5,1.0, 2.5 and 5.0%
Deglycosylated with PNGase F

Evaluate ability to detect and % recovery

o Results

O
O

O

J&J

Detected lowest level spike, 0.1%
Recovery linear with spike level
Within 80 — 120%

Testing ability to detect low level species

Sample_mAbmix_Operc_1plL_147 Sample_mAbmix_0-1perc_1pL_148 Sal mpl mAbmix_0- 5pe . 1pL_149
0.10 0.10 0.10
0.09] 0.09 0.09]
z 0.08] > 008 = 008]
Z ] Z £ ]
i) U,D?: 5— 0.07 O 1()/ 5 007:
< 0.06] £ 006 .1/0 S 006
@ B o o i
2 0054 Z 005 = 0.05-]
3 004] T 0.04 S 0.04]]
o 7 o B (4 1
0.03] 14598798 0.03 003] 14514951
0.02] 0.02 0.02]
] 146213.30 ]
0.01 14917515 0.01 145151.86 14522167 0.01 14505434
0.00 4 ' 0.00 : . 0.00 T ——
146000 148000 150000 145200 145300 145200 145300
SS
Sample_mAbmix_ 1perc 1uL_150 Sample_mAbmix_2-5perc_1pL_151 Sample_mAbmix_5perc_1pL_152
10+ 10 104
9+ 9 94
> 8] > 8 145309.36 > 8]
g 7] g 7 145308.70 g 7]
2 4] 2 2 L] 145309 20
- ] 145308.20 s B = ]
2 ] = = ]
5 51 5 5 % 51 NIST_mAb_intact_noGtermK_NoGly
g 44 e 4 & 44 14514795
34 3 NIST_mAb_intact_noCtermK_NoGly 34
1 145147.93 1
2] 2 2]
1 NIST_mAb_intact_noCtermk_NoGly 1 1]
o] 14514801~ o 145262.36 o] 145264.81
\ T T T
145200 145300 145200 145300 145200 145300




Vanquish Duo UHPLC

Increased sample throughput 2x !

VanauiIsH
Detector O}
O~ =
£
WﬂﬁfV(Il{gSTf
ump
Mass Spectromater *
. M)
Reconditioning Pump
VANQUISH
Autosampler
i
VANa U! SH
ump
N
Analytical Pump Column Compartment
( ) |

J&J

General Settings  Flow Gradient Left Column — Analytical Gradient
100+ 5.00
9% mi/min = %A
= %B
75+ 3.75| —— Flow[ml/min]
504 2.50
25 ‘//,—\ 1.25
‘ "lilf
G r T T T T T 1 0'00
0.0 5.0 10.0 15.0 20.0 25.0 30.0
- Flow se
No Time [mI/min] %8B Curve
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2 0000 0400 5 _J
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General Settings  Flow Gradient Right Column — Recondition Gradient

1001 §.00

% mifmin | — %A

3 == %B

75+ -3.75| —— Flow[ml/min]
504 F2.50
254 - L1.25
T"i" :

o { I I ] |
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Sequence
Variants

Johnson&dJohnson



Importance of a Robust Sequence
Variant Analysis Workflow

o @oals

o Screen clones leading into final selection, avoid clones
with SVs

o Detect early and eliminate from group in genetic (or
unknown)

o OE 480 LC/MS Peptide Map

o Multiple protease digests and LC/MS acquisitions to
provide orthogonal methods to validate

o Test SV method with spiking study

o Filtering method and scoring techniques to evaluate true
positive vs. false 1D

J&J
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Undesired or unintentional amino acid

S e q u e n C e V a ri a n tS substitutions, deletions, or insertions during

. . protein biosynthesis
Important to Monitor during CLD

Genetic Mutations — Errors during DNA replication Mistranslations and Misincorporations

Detection Strategies

|Z| (1) transcriptional em;::r(}dmgDN')\S“B“d RNA Transcription o LC/MS peptide map With
NS .
N D SV search algorithms

)2

|
|
I|IZCI

<

||IZCI

o Next Gen Sequencing
(NGS)

(2) translational error

Protein Translation

o Amino Acid Analysis

@
e |
L |

¥

=<
I
> >l
N
|
%’ |
(<

LIDDW |

2

72
(3) tRNA mischarging

el

Current Opinion in Biotechnology

Figure from: Harris, R.P., Kilby, P. M, Amino acid misincorporation in
recombinant biopharmaceutical products, Current Opinion in
Biotechnology, Vol 30, Dec. 2014

J&J


https://www.sciencedirect.com/journal/current-opinion-in-biotechnology/vol/30/suppl/C

Peptide Spiking Experiments to
Evaluate SVA Method and Instrument

o Experiment Details

o Spiked 10 NIST synthetic SV peptides
into NIST digests

Levels: O, 0.5,0.1,0.2,0.5 and 1.0%
LC/MS/MS peptide map
Search: Byos- PMI

Evaluate ability to detect and %
recovery

o Compared instruments, gradients,
search engines, fragmentation

o O O O

o Results
o Detected lowest level spike, 0.05%

o Provided confidence to set threshold of
01% rel.

o Recoveries were within 80 —120%

J&J

Sequence Variant

ALP[-26]APIEK
DSTYS[+27]LSSTLTLSK
FNWYVDG[+58]VEVHNAK
GFYPSDIA[+30]VEWESNGQPENNYK
LASGV[+14]PSR
STSGGTAALGC[+60.1]LVK
TTPPVLDSDGSFFLYS[+27]K
VDNALQSG[+58]NSQESVTEQDSK

VINMDPADTATYYC[+60.1]AR

VVSV[+14]L TVL HQDWLNGK

Exploris
Exploris
Exploris
Exploris
Exploris
Exploris
Exploris
Exploris
Exploris

Exploris

30min

30min

30min

30min

30min

30min

30min

30min

30min

30min

Testing ability to detect and quantitate SV above and below
threshold of 0.1%

0.00

0.03

0.01

0.00

0.00

0.00

0.04

0.00

0.00

0.02

0.09

0.07

0.04

0.01

0.06

0.05

0.08

0.07

0.01

0.02

0.18

0.10

0.08

0.03

0.13

0.09

0.1

0.14

0.03

0.04

0.34

0.19

0.23

0.07

0.29

0.21

0.27

0.32

0.08

0.12

0.81

0.42

0.48

0.15

0.59

0.41

0.48

0.72

0.16

0.39

2.07

1.32

117

0.39

1.48

1.08

1.36

2.98

0.49

1.19

Bo Zhai
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Importance of Mass

° ° —
Vi :
Accuracy in Peptide Map :
<
00
Precursor m/z errors — 600
0.0055 3
oo . c 8 500
: Mass measurements from all peptide-spectrum o &
0.0040 e}
0.0035 matches to a theoretical sequence. Median 2 = 400 3
2 00030 . . -
£ ooo2s precursor m/z error is 1.2 ppm on Exploris @ 8 g
E 0.0020 s} =] =
- 00015 TU g 8
2 pooio E 5 300 o
@ 0.0005 [}
< p.oooo = 8 200
-0.0005 |.Iol-|
-0.0010 i D.
00015 L ' o~
-0.0020 100
-0.0025 o
500 750 1,000 1.250 ?
miz '-‘OJ 0
— Recalibration curve « Pracursor miz errors | g -3 -2 -1 0 1 2 3 4
Before recalibration: Error (ppm)
Median precursor m/z error (ocbserved minus true): 0.0007 Da, 1.2 ppm

Median precursor accuracy (absolute value of error): 0.0008 Da, 1.4 ppm

99.7% of peptides are within 3o or 1.86 ppm

99.7% o Predictable, stable and consistent mass accuracy is valuable tool in data analysis

95%

Max 278 . o Mass calibrations stable for > 1 week
Min -2.71

o Internal calibrants built into Exploris methods keep ppm error low (1-2 ppm)

o Knowledge of expected mass accuracy and a traceable sign of instrument

Average  0.53
Stdev 0.62

performance and health

o Valuable attribute to rule out potential false positives from search engines

J&dJ 23




Cys-> Tyr Sequence Variant

MS2 - Product lon Spectra

T T -
7 K.STSGGTAALGCLVK.D,C11(Cys->Tyr/3.0327),0.070,Area(iso_0,z 2)=5.323e+05 -| Soan 5359,2=2
2.000e+05 — H ] 1098765432
] Sequence variant . N L
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2.500e+08 — 4 dddddddd
E 7 ys 12349678910
2.0006+08 ] ¥ vii
£ E = b2
5 1.500e+08 ] a2 |
E E J
E 3 3 - 9 ylo
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MS1 - Precursor lon Spectra clone  Spent Media - Cys, Tyr
7 extract m2=662.8590,5ummed scans:17.796-17.911,18.00,STSGGTAALGCLVK, 2=2 6.00E+06
4.000e+05 _: 662,860
i
3 MD=662.8590
3.000e+05 I 500E+06
% 1 60
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] 663,870 4. 00E+06
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q s6040 662,700 663,560 663,770 664060 664,310
] §62,050 662.690 i 654,000 664,260
00006400 — e e T e @
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ldentifying Disulfides by Mass
Spec — NR Disulfide Map

1. Mass of disulfide complex

ASISFRS
: 2. Mass of each peptide
EDVGVYYTMQA
3. Mass of the fragments of each peptide
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Expected Hinge HC1 -
HC2 Disulfide

2 _: Scan 17507,z=6
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Inter-chain HC-LC Disulfide
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Automation in
Analytical
Sciences
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End to End Pipeline: Real-time data processing &
report generation assists the scientist in
validating results and reduces turn-around-time

&)

v <«—  Metadata
Database

", Byosphere | ; :

4’ BYOosp 1.  Watcher: script automatically
sweeps “raw” files into the
data repository

Data

Supernatant Samples Repository

‘ 2. Processing: “raw” files are
processed using the correct
workflow (e.g. intact, pep
map, etc)

Processing

ProA Purification ‘?57
I Watcher Script [ C Data j 3. Curation: Scientists can
Pl el easily inspect project files
— Normalization ‘ y . P proj
and validate reports
O 5
> PepMap Digest —
m—> 4. Dashboards: meta-data used
. to query results across all
i - Curation
—» Undigested Preparation —— runs/projects
LC-MS Undigested
Sample Preparation Data Acquisition Data Analysis

'J&\J Waldenmaier, H., et al. Journal of the American Society for Mass Spectrometry 2023 34 (6), 1073-1085



QC Dashboard Example: Monitoring
System Pertormance With Each Project

Instrument (LC-MS) Performance Sample Processing Performance
Average PPM by Run (@[] ][] Last Run PPM (@]=]v]a] Oxidized DTLMISR XIC Ratios T

DTLMISR Oxidation

2 2
ERT o S
e ~,

e
a:\

s,
N,
7/
~——
AVGINormed Arca)
g
a i I

Create Date & Time

Average Retention for Indicator Peptides (@]z]T]a] Deamidated Penny Peptide XIC Ratios
PENNY Deamidation

e -
« Track PPM accuracy, configure tolerances and send « Look for consistency in peptide mapping digests
notifications if last run in is out-of-spec « Low-level of modifications in the system suitability
sample

« Monitor LC performance for RT consistency

J& NIST mAb digest performed with every analytical request as system suitability



e Sue b Tvg
oo - . we I e -
Stacked Sar Chart of Giycan Distribution
—_—
<
Craste Dnte Tevw
. d Cled Ratio (Nox

Ratio (MC Peptides Area/All Peptide Area)

o] R

Example of a full dashboard view

* Mass accuracy (ppm)

Post Translational Modifications

* Glycoform Profile

. l . « Mis-cleavages / Semi-specific digest
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Process Supernatant Plates
Directly From Cell Culture

Job Input Purification
Sample Info:
name, molecule ID, titer Phynexus:
i proA column
,,,,,,,,,,,,,,,,, pipette tips.
or LIMS
96 samples in parallel (~2hrs total)
Sample Plate
clarified
supernatant

Hamilton Vantage system

J&J

Purification

Normalization

LOU'IATIC

]

LICHAINED

Measure and normalize
concentration to prepare for
next step

Skip purification if samples
already purified



Lab Operations to Add Reagents, Sample
Exchange Buffers, Incubate... Prep
available on deck |

Centrifuge: Buffer Exchange Current MS Assay List

_ ] Process Requirements
e e/

Dark chambers Intact mass Untreated

for alkylation

— Deglycosylated PNGaseF, incubation
Hamilton: R t . . .
\ l Robotic arm: Reduced DTT, short incubation
|spensat|on ‘
. move plates
—. D - Denature/reduce,

desalting plates

Bl € g between o . . . .
rl "= Jevices Peptide Map Digest alkylation, incubation,
Trypsin & Chymotrypsin buffer exchange, enzyme,
Heater/Shaker ? (Tryp J ypsin) g- y
A= guenching
u - Scheduling Software: Manages Multiple Processes
/ ¢ e Ot 28673 - Tomal Duratos 035607 |
Tundra Store (4C) ik
Plate selaers / Reagents, P ey
pealers buffers, Samples L. Espin Ooti i Reearnnir_L T
i - Cigti-MAEM mropdh andl Expibeclirning_{ 1 .
Lompies et | I NN - e
] T
Flexibility to modify or add treatment protocols S . o —
Cell Pase &:0_14 [ I 0
Tigr - Compien b Cpll Mate A_L 1 I

Tigs - DAA mrassler_}
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Comparing Semi-automated
(SA) vs Fully-automated (FA)
Process

Semi-Automated (SA) Process

I proA purification

Non-automated
b Incubations,
R Buffer Exchange

Reagent & Buffer
dispensation for pep
%% map, degly, reduction

J&dJ

NIST mAb & mAb-1

\ / « 10 replicates

Peptide Mapping / PTM & Digest
Parameters

mAb

||||||

- R - -

scFv
48 cell lines from ambr

bioreactors
Intact, degly, reduced mass assays:
- spectra quality
- glycan profile

Bi-specific Molecule
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Comparing FA & SA peptide mapping results.
10 technical replicates for NIST and mAb-1

TIC Profile

FA

Rel. Intensity

SA

L L

o

o

J&J

Oxidation (DTLMISR)

mAb-1 NIST-mAb
ns i

time (min)

Deam (‘PENNY’)

mADb-1 NIST-mAb
ns ;

== .

......

(N387)

3.5

%Deamidation,

: i
Syst
™ FA == 3.0
w
FA A

"o

FA SA FA SA

Experiment

30

O-Miscleavages Cys Alkylation
mAb-1 [ NIST-mAb mAb-1 [ NIST-mAb ]
ns r ns ] i
- - i = mim
76 2
g 2
72
g 2 L
o
* 68 —— & 9
R
ssssssssssss
" FA " FA
6| ®SA ™ SA
FA SA FA SA A SA A SA
Experiment Experiment

TIC Profile similar between both preparation

Slight differences in Oxidation and Deamidation
o FA shows less variability

Fewer miscleavages in FA

Alkylation 95-100% for both processes, lower

variability in FA



48 clonal cell lines for bi-specific A
antibody. Representative intact, PNGase o
from FA process z-

. o
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Intact mass shows high sample quality with Complete PNGAseF digestion produces a fully
the ability to resolve low level glycan species deglycosylated protein
and C-terminal clipping
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Comparing glycosylation profile
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Highly similar glycan profiles between both processes. Including low level

Man5b and G2F species

J&dJ



Summary

Next Generation Mass Spec Instruments for Today’s Complex Biotherapeutics

o The valuable role for High Resolution Accurate Mass Instruments in Cell Line Development
strengthened by overall strategy of dedicated methods and workstreams.

o With a steady workstream of similar sample types, dedication of MS Instrument to specific
platform assays (intact, peptide, native) key to efficiency

o SEC-MS Assay fills a valuable role in balancing ratio expression and determining multispecific
impurities and characterizing product quality of native complexes

o A pair of workhorse Exploris instruments designed to work in parallel on same sample performing
different assays

o True end to end automation was shown to advance from crude cell harvest through purification,
sample prep., sample list creation, sample acquisition on MS, data analysis and final reporting

J&J %
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