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NIBRT Overview

Unique facility dedicated to address the training and research needs
of the global biopharmaceutical industry based in Dublin, Ireland.

Competency based training experience in an environment that
replicates modern industrial bioprocessing facilities.

Research with impact — developing solutions to address real
challenges faced within the biopharmaceutical industry.

Facility expansion for advanced therapy research and training and
new early-stage development facility opened in 2023.

CONCEPT
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Complexity of Biopharmaceuticals landscape
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0 Proteins exist in a variety of forms rather than one individual form due to macro-and
microheterogeneity as a consequence of differential posttranslational modification
(PTMs).

o New modalities come with different analytical challenges and bottom-up approaches
cannot provide all the answers.



Need for Native Intact Analysis
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Need for Native Intact Analysis
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o Charge variant profile can only be obtained separating proteoforms in their native state.
Direct MS identification can enhance speed of analysis and confidence in the
identification.
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ZipChip-MS, a Simple Method for Charge Variant Profiling
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o The HRN ZipChip kit provides a simple out of the
box solution for charge variant profiling with
minimal optimisation required.

0 Separation based on differences in net surface
charge, pH gradient CEX-MS: A pl, ZipChip:
differential electrophoretic mobility.
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Platform-like Method for Any Molecule

45 different proteoforms for rituximab detected, including
10 different charge variants with their intrinsic N-glycan
heterogeneity and a mAb fragment
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Sensitivity on ZipChip - Cetuximab
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Operational flowrates of ZipChip are equivalent to those used in nanospray infusion, which
generates excellent experimental sensitivity from sample on chip in the 1-2 ng range.
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MS Detection Enables Proteoform Annotation

Peaks isoforms with the @ Cterminal lysine
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Platform Method for Antibody Drug Conjugates Too
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Molecular heterogeneity of MSQCS8 cysteine linked ADC mimic evaluated using infusion first.
High level of complexity visible due to attributes on the mAb itself, such as N-glycosylation in
addition to linker payload conjugation
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Exploring the Microheterogeneity
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ZipChip-MS Analysis of MSQC8 ADC Mimic
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ZipChip-MS analysis on HRN chip reveals additional heterogeneity based on differential
surface charge, mass shifts shown are relative to the dominant species in the main peak.
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Annotation of ADC Charge Variants Following Pep Map
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Peptide mapping was performed to assist with annotation of the observed charge variants,
which were found to occur based on PTMs and payload fragmentation.
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ZipChip-MS Analysis of Bispecific Antibodies
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1xGIn->Pyro-Glu,1xA2G1F_A2G2F ;
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1XGIn->Pyro-Glu,1xA2GOF_A2S1G1F
1xGIn->Pyro-Glu,1xA2G1F_A2S1G1F,1xDeam
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1xGIn->Pyro-Glu,1xA2GOF_A2GOF
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Peptide Mapping on ZipChip-MS — Sample Prep Workflow

Reduction
RT

Alkylation

RT, dark

Buffer
Exchange

Digestion
37°C
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* 100 pg IgG to 1 mg/mL Solution (final volume 100 pL)
¢ Diluent: Guanidine HCI (7 M) + Tris (100 mM), pH 8.3

e Add 2 pL DTT Solution (final DTT conc. 10 mM)
¢ DTT Solution: 500 mM in Diluent

e Add 4 pL IAC Solution (final IAC conc. 20 mM)
¢ |AC Solution: 500 mM in Diluent
e Add 4 L DTT Solution to terminate Alkylation

hours

® Bio-Spin P-6 Gel Column

*50 MM TRIS, pH 7.9
® Purpose: Remove salt and reagents

analysis

e Add 10 pL of 1 pg/uL Trypsin Solution (1:10 ratio)
e Add 10% Formic Acids to terminate digestion
e 1:1 dilution with Acetonitrile

} ZUmins Sample ready for ZipChip/MS




Peptide Mapping on ZipChip-MS — Sample Prep Workflow
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* 100 pg IgG to 1 mg/mL Solution (final volume 100 pL)
¢ Diluent: Guanidine HCI (7 M) + Tris (100 mM), pH 8.3

e Add 2 pL DTT Solution (final DTT conc. 10 mM)
¢ DTT Solution: 500 mM in Diluent

e Add 4 pL IAC Solution (final IAC conc. 20 mM)
¢ |AC Solution: 500 mM in Diluent
e Add 4 L DTT Solution to terminate Alkylation

hours

® Bio-Spin P-6 Gel Column
¢ 100 mM ammonium acetate, pH 7
® Purpose: Remove salt and reagents

analysis

e Add 10 pL of 1 pg/uL Trypsin Solution (1:10 ratio)
e Add 10% Formic Acids to terminate digestion
e 1:1 dilution with Acetonitrile

} ZUmins Sample ready for ZipChip/MS




Verification of Digest Performance using LC-MS
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Rapid, High Sensitivity, High Coverage Peptide Mapping
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Platform Peptide Mapping using ZipChip-MS
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ZipChip and Maurice Flex
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J. Pharm. Biomed. Anal. 2023, Vol 223, P20 . . .
Fraction Collection by MauriceFlex
(30 puL/well)
Setup Focus Mobilize Collect Verify by Maurice cIEF
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[+) O
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W o
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Fraction Analysis by ZipChip

(22 pL/well)

Intact Mass Analysis

» Rapid characterization of fractions

* Size confirmation by MW

* Profile Glycoforms

1 min analysis, 4 min cycle time

NIBRT Protected Data

36 Fractions to 96 well plate

16 Fractions analyzed ( ~8 uL/well)

Peptide Mapping Analysis (SPE)

The ultimate analysis of fractions
Site specific localization of PTM

AA Sequence confirmation of protein

SPE ZC analysis, ~25 min cycle time

Orbitrap Exploris 240

bietechne

MauriceFlex-

OE240

20

MiT 6.00

- Infliximab biosimilars

Inflecira 20231219113 Exposure: 00055,

Remicade 20231219120 Exposure: 0.005s

Absorbance (AU)



https://www.sciencedirect.com/science/article/abs/pii/S0731708522005684?via%3Dihub

Adeno-Associated Virus (AAV)-based Gene Therapy

Treats genetic diseases, caused by absent or defective genes

VP1:VP2:VP3
AAVs 1:1:10
AN 60 copies
MM common C-term
L — - s
Examples Serotypes AAV 1-10
Size 25 nm
Genome ssDNA
Packaging Capacity 4.7 kb
Transduction Medium
Biosafety Level BSL-1
Immunogenicity Low
Low immunogenicity,
Advantages nonpathogenic, no known

cause of disease in humans

Small packaging capacity, low
Disadvantages production yields, requires

NIBRT Protected Data helper gene for replication

Target cell
Binding to target
cell receptors
) Internalization & Endosome escape
/ trafficking to Nuclear entry
endosome DNA uncoating

Gene of j CtllV&SiOﬂ
interest to dsDNA
AAV vector integrated
into a viral
vector /
mRNA transcription

Li et al, Cell & Gene Therapy Insights 2019; 5(4), 537-547



AAV Viral Capsid Protein (VP) Analysis

AAV Sample Thermomixer

N

D e—

with Peptide BGE

15 min, 37°C, 500 rpm

)

Data Processing ZipChip-MS Analysis

NIBRT Protected Data BioPharma Finder™ 5.1 OE240 Smith et. al Anal Bioanal Chem, 2023



Does DMSO impact MS signal and Identifications?

Improved MS Spectra Intensity & Reduction of Bimodal Signal

VP2

VP3
VP3 Max Intensity
4.59%x106

Incubation: No DMSO

Analysis : No DMSO e
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VP2
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800 1000 1200 1400 1600 1800 2000 800
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Incubation: No DMSO
Analysis : 4% DMSO
(Condition 2)

VP2

VP1
v

32 33 34 3.75 36 37 38
VP3

Incubation: 4% DMSO
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(Condition 3)

r T T T T T
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Effect of DMISO exemplified using acetylated VP3 ((Ac)VP3) and VP2
(Ac)vP3 VP2
Condition 1, 2 3 1 P2 3
Ave. Sum Intensity 2.34x 101 : 3.54x10° 3.36x10%° | 8.90x 10’ : 3.67x10°  3.30x 108
Ave. # of Charge States 53.20 | 30.40 30.00 4480 | 24.40 24.25
Ave. Min. Charge State 31.20 : 37.40 37.40 44.00 : 48.60 49.25
Ave. Max. Charge State 83.40 L_ei.zf_ 6640 | 8860 IL 7200 7475

Identified AAVS8 viral capsid proteins (VPs) under investigated sample analysis conditions

Capsid Viral Proteins |Matched Mass Relative Fractional Quality
(Theoretical mass) Error (ppm) Abundance (%) Abundance (%) Score
Condition 1 2 3 1 2 3 1 2 3 1 2 3
(Ac)VP1 + 2x P 6.7 0.72 - 0.06 0.56 - 0.01 0.07 - 34.33 74.78 -
(81,826.67 Da)
(AcIVRIFIIP 1.7 00 21| 057 205 1.83 | 0.09 0.24 0.21 |149.73 127.34 115.08
(81,746.69 Da)
(Ac)VP1 64 16 10| 043 112 1.26 | 0.07 0.13 0.14 |168.28 94.43 117.70
(81,666.71 Da)
L bl 27 12 83051 185 1.74 | 0.08 0.22 0.20 |107.14 91.33 92.65
(66,598.08 Da)
VP2
6.0 34 312|025 094 0.81 | 0.04 0.11 0.09 | 81.58 98.99 83.38
(66,518.10 Da)
)i 15 153 143| 1.24 581 525|019 068 0.60 | 60.41 7534 77.02
(59,884.66 Da)
(Ac)VP3 3.9 5.8 5.9 65.15¢ 90.87¢ 81.87¢|10.11 10.64 9.39 |262.41 122.59 119.71
(59,804.68 Da)
e 9.5 149 13.5|28.58 47.77 43.82| 443 5.60 5.03 |238.27 114.04 114.50
(59,762.65 Da)
VP3 Fragment 1.6 25 50087 313 261|013 037 0.30[79.64 8542 8109
(59,506.81 Da)
A213(Ac)-VP3 Variant
3.3 1.7 51| 087 379 3.48 | 0.14 0.44 0.40 | 55.24 75.60 83.71
(59,191.98 Da)

20nly found in 4 of the 5 replicate injections; ® Only found in 3 of the 5 replicate injections; ¢ (Ac)VP3 is the most
abundant VP. The most abundant feature is an unknown component detected in the host cell contaminants peaks



Limit of Detection (LoD) Testing

Total ion electropherograms (TIE) and MS signal intensity Plot of TIE area and intensity versus # of viral particles

A) ) : . . . .
Host Cell Contaminants VP Proteins Area and Intensity vs AAV Viral Particle Quantities
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VP Separation on ZipChip Platform with AAVS8

5 minute VP Separation

AAVS Full

Protein fuaitass O e ) Sore ofFles
VP1+N-TermAc, 2xP  81826.07 7.4 0.08 40.90 5
VP1+ N-Term Ac, P 8174651 2.2 0.41 119.09 5
VP1+ N-Term Ac 81667.02 3.8 0.21 97.69 4
VP2+P 66597.89 2.8 0.89 112.65 5
VP2 66518.08 0.2 0.38 91.04 5
VP3 + N-Term Ac, P 5988362 17.4 6.85 86.24 5
VP3 + N-Term Ac 59804.40 4.7 100.00 127.80 S
VP3 59761.70 15.8 45.28 113.27 5
VP3 Variant + N-Term Ac  59191.87 1.8 4.94 88.77 3

Salt Band

==

* Rapid AAV VP analysis of Full AAV8 using the
ZipChip CE-MS platform.

* 5-minute runs enable increased replicate
injections without sacrificing reproducibility or
sensitivity

Ac-VP3

AAV8

* Detection of low abundant VP proteoforms and VP
fragments using BPF 5.1

Empty vs. Full Profiles

Host Cell

1.00

Capsid Proteins

. Contaminants
AAV S

2.00

Full

min

2.60

NIBRT Protected Data

3.00

min

_______________________________________________________________________________________________________________________________________________________________

VP Proteoform Characterization

:] Intact
Protein
N-Term
P :] Fragment
V132-VP1 A213(Ac)VP3 P I:( C-Term
B \ 1 (Ac)VP3 Fragment
7

P Phosphorylation

Ac N-Term Acetylation
VP  Viral Capsid Protein




Detected VP Proteoforms and Fragments

Expected VPs N-Term Fragments
Start of AAV Sequence o BV o RI16VPL  —
~»VP1 — VP2 — P
AADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGY —S e -
1 29
KYLGPFNGLDKGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADAEF VP3 Variant —— RUG6VPL  —
20 > VP2 o L13vP1  —
1
QERLKEDTSFGGNLGRAVFQAKKRVLEPLGLVEEPVKTAPGKKRPVEHSP Faver -
100 138 149
VEPDSSSGTGKAGQQPARKRLNFGQTGDADSVPDPQPLGQPPAAPSGLGT  VPs with additional PTMs C-Term Fragments
150 \-»VP3 - A211-VP3 199 p
N_E_T.‘}MATGSGAP_D_@ADNNE GADGVGNSSGNWHCDSTWMGDRVITTSTRTWALP o GOV (AC)VP3-D657 ——
200 203 211 249 —2 AOVETEET—
TYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLI - (AC)VP3-M518 ——
250 299 (Ac)VP3-N512 ——
(AC)VP3-S448 ——
j j « Leaky” Codon Scanning s
” VPI3 : VarlanipGeneraDzlon — initiatEJn f:odon ini1ii;stion cgdon UnexpeCted VPS Potential Causes of Fragments
Serotypes -lerminalregion sequence sequence sequence ARV “ACAATGGCTTCAGGCGBGGTGGCGCACTCA G CA- VP3 R . .
Mv:ype :"ASGGGAP:A TEWSQ‘A TSZ”ZTH AB:E;IP AAV2 “ACGATGGCTACAGGCAGTGGCGCACTCA G CA- M203.VP3  — Baculowralcathepsm
AAV2 BlATcscaPMA RQA A T H ANPS AAV3 “ACAATGGCTTCAGGCGGTGGCGGCATCCA GCaA- * Immune response
AAV3 MASGGGAPMA TAPT T H ANPP AAVE ~-ACAATGGCTTCAGGCGGTGGCGCACTCA G C A oAcidicconditions
AAVE MASGGGAPMA T A T o ANPP AAVS ~-ACAATGGCTGCAGGCGGTGGCGGCACG CA G CA
AAVS MAAGGGAPMA TAPAQ T N A P AAV10 cACAATGGCTGCAGGCGGTGGCGCTCCA G C A
m::m :?igggig:i ;ig: ¥ : : : AAVrh10 ACAATGGCTGCAGGCGGTGGCGCTCCA G CA-
AAV4 MRAAAGGAAV NLPT T H ANPA ARV “GAGATGCGTGCAGCAGCTGGCGGAGCTGCAGTCGC - K_e\L I:lmtaCt_
ARV MRAAPGGNAV TAP I A H ANPA AAV11 GAAATGCGTGCAGCACCGGGCGGAAATGCTGTEC - | All Serotypes | Er_?;?::
12 -G A G GCGTGCGGCGCCAGGCGG GCTGTC- -
x:gz ...::iggggzig...li:: IGA: g:TN xzs --A?JA::GTCIGCGGGAGGﬁGGCGGg:;gIT\TT;GCTSC-- |AAV6andAAV80nIy| uFragment
AAVD - MMASGGGAPVA .. AQAQ T N A P AAVY ~“ACAATGGCTTCAGGTGGTGBGGCGCACCAGTGGCA - | AAVe Only | | (C-Term
AAVT .. VAAGGGAPMA .. TAAQ .. T N .. ANPP AAVT A CA 6 CTGCAGGCOGTGGCGCAGCCAATGGGCA - Fragment.
Adapted from Figure 5a of Oyama et al. (2021) Adapted from Figure S4a of Oyama et al. (2021) P PhOSphoryla“orT
https://www.liebertpub.com/doi/10.1089/hum.2021.009 https://www.liebertpub.com/doi/10.1089/hum.2021.009 AAV9 Only Ac  N-Term Acetylation
NIBRT Protected Data VP Viral Capsid Protein



https://www.liebertpub.com/doi/10.1089/hum.2021.009
https://www.liebertpub.com/doi/10.1089/hum.2021.009

AAV Peptide Mapping

AAV Sample |

| Magnetic Pepsin Beads Peptic peptides
'Y ~
S )
Smart Digest ~ / ¢ 9
Sample Preparation ey
L 4
(/)
Automated handling in
Kingfisher™ Duo Prime
C18
Data Processing ZipChip-MS Analysis Clean-up

1. Dry Down

’ 403 Peptide
- BGE

Desalted Peptic
peptides ready for
ZipChip-MS

BioPharma Finder™ 5.1
NIBRT Protected Data O E240




Relative Abundance

AAV Sequence Coverage and Post-translational Modifications

* Rapid performance with analysis in under 20 minutes

* 100% sequence coverage for all VPs including VP3 variants

* ldentification of commonly monitored post-translational modifications (PTMs)
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File: AAV9_Empty_NibrtProtocol_908MS_20min_combined_rep1_15

F: FTMS + p ESI d Full ms2 1386.8885@hcd28.00 [95.0000-5682.5854]

Experimental ID=1:A203-L255 = 5498.4995m(A203+Acetylation), +4, Peptide=ASGGGAP

VADNNEGARGYGSSSGNWHCDSQWLGDRVITTSTRTWALPTYNNHL
3721510 Acetylation " A

[re——
XX

3
-

S0 1 sz 83 54 55 88 87 85 83 60
3 T mis)
- R

1273.6057
M

be
443.1884

yar® 1386 9149
by 10505123
1140547 '

el

ba a
y7 1635.7159
710.3441 oo 4005

ya oo
497.2398, 1411.9927
i . 17643380

T T t T oot T
500 1000 1500

miz

T
2000

Relative Abundance

File: AAVEG_Empty_NibrtProtocol_908MS_20min_combined_rep1_15

F: FTMS + p ESI d Full ms2 1253.2086@hcd28.00 [95.0000-6416.4639)

Experimental ID=1:Y444-E499 = 6178.0315m(~Y483+Phosphorylation), +5, Peptide=YYLS
KTINGSGQNQQTLKFSVAGPSNMAVQGRNYIPGPSYRQQRVSTTVTQNNNSE

" 1252.9774
100 e Phosphorylation
a0 §w (
1w Il
80 fe [
BE "\
70
I A (S (A (M TR TR F raar-
&0 -
50 .
] . yas
40 bee - 1412 9940
- y-80%
3°j139‘25°° 1013.5192 Yo
20 1259 2562
1 bs bs .
10 4402103 6553422 8694684
oedi f . I [ TS AV Y =S .|||w|.!..|u\..‘
200 400 600 800 1000 1200 1400

m/z

Relative Abundance

100

G

Q119+NH3

ARVOVP1 | Clutarimide  QAKKRLLEPLGL 57.21
) ASGGGAPVADNNEGADGVGSSSGNWHCDSQWLGDRVITTS TRTWALPTYNNHL
AAVS_VP1 — A203tAcetylation o - oG APVADNNEGADGVGSSSGNWHCDSQWLGDRVITTSTRT REZS o8
AAVO VP1  M372+Oxidation  FMIPQYGYLTLNDGSQAVGRSSF 1.31 0.12
LTLNDGSQAVGRSSF
AAVO_VP1 D383+SuccinimideD MIPQYGYLTLNDGSQAVGRSSF 1.03 0.04
FMIPQYGYLTLNDGSQAVGRSSF
AAV9_VP1  M403+Oxidaton  EYFPSQMLRTGNNFQF 1.09 0.04
o DRLMNPLIDQYL
AAVO_VP1  M43s+Oxidation DRl O RLMNPLIDQ 1.49 0.13
AAVO_VP1  NA451+Deamidation YYLSKTINGSGQNQQTLKFSVAGPSNM 1.23 0.25
. SVAGPSNMAVQGRNYIPGPSYRQQRVSTTVTQNNNSE
-~ + a .
AAV9_VP1 ~Y483+Phosphorylation AVQGRNYIPGPSYRQQRVSTTVTQNNNSE 2.57 0.08
o ALNGRNSLMNPGPAMASHKEGEDRFFPLSGSL
+ 5 .

AAVS_VP1 — M523+Oxidation L\ oG SSWALNGRNSLMNP GPAMASHKEGEDRFFPLSGSL po0 Wzt

~Q607+NH3
ARVO VP1 | R tarimide  QDRDVYLGGPIW 19.68 11.22

Q614+NH3 QGPIWAKIPHTDGNFHPSPLMGGFGMKHPPPQIL
AAVO_VP1 | s Glutarimide  QGPIWAKIPHTDGNFHPSPLMGGF 2L G
AAV9_VP1 D625+SuccinimideD AKIPHTDGNFHPSPLMGGFGMKHPPPQIL 1.88 0.25

~Indicates exact location of PTM not determined by BPF

File: AAVY_Empty_NibrtProtocol_808MS_20min_combined_rep1_15
F: FTMS + p ESI d Full ms2 979.1473@hcd28.00 [95.0000-3019.2507]
Experimental ID=1:Y444-M470 = 2932.4389m(N451+Deamidation), +3, Peptide=YYLSKTI

NGSGONCHTL KESVAGPSNM 1\ - midation

Reative Intemsiey
e3¥EEESIRRE

Ye I
5762416 | .. N
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1037.5074 wFim
yir*"
§03.3182 bas?*
1393.6820
bu
142?6809 1897.9561
|H I 24821775
500 1000 1500 2000
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Relative Abundance

JEw I
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File: AAVS_Empty_NibrtProtocol_808MS_20min_combined_rep1_15

F: FTMS + p ESI d Full ms2 855.1663@hcd28.00 [95.0000-3513.1584]

Experimental ID=1:A509-L540 = 3399 6452m(M523+0xwdahonj. +4, Peptide=ALNGRNSL
MNPGPAMASHKEGEDRFFPLSGSL

e T Oxidation 783 0438

2o

fa 1 b
10716365

2

yaz
1174.0665

H /1
i J\

be

Pt 1226.6138

949 1089

132.1013

¥z

276.1514
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Summary

o ZipChip coupled to MS detection offers a versatile platform for analysis of
biopharmaceuticals on multiple different levels, just pick the background electrolyte and
chip format for your application of interest.

o Overall method performance is excellent, high sensitivity from low sample amounts and
excellent data depth when using Orbitrap MS detection.

o Different applications demonstrated, from intact to peptide mapping analysis.

o All these methods can be considered platform and ready to go out of the box. Application
to various molecular formats shown, including viral particle analysis for gene therapy
products.

o ZipChip’s versatility make it an attractive technology for labs where throughput and time
are important.
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