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Manufacturing of monoclonal antibodies (mAbs) is becoming platform, certain analytical
strategies for mAb characterization are becoming routine.

Developments in analytical instrumentation, separation chemistries and software solutions have
been the driving force, underpinning this move towards platform.

However, nothing is ever that simple. Understanding charge heterogeneity is still complex for
mAbs and characterisation of emerging formats, such as multi-specifics, conjugated forms and Fc

fusion proteins is highly challenging.

Can we simplify characterisation workflows through the implementation of high-resolution MS
and MS/MS detection, especially on the intact level?
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» Native intact mass analysis, especially when combined with upfront separation, is a powerful
approach for characterisation of complex biopharmaceutical entities:
= Multi-specifics — correct chain pairing
= Conjugates — preventing loss of labile functionalities or domains
= Proteoform specificity — how individual molecular entities are composed

» Challenges remain, especially for highly glycosylated heterogenous molecules, such as Fc fusion
proteins, many of which contain multiple N- and O-glycosylation sites, making spectral
deconvolution difficult if not impossible.

» ldeally, instrument configuration should enable efficient transmission of native protein ions, high

m/z capability, efficient isolation of ions corresponding to proteoforms of interest, multiple ion
activation for native top-down sequencing and gas phase fractionation for spectral simplification.
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Orbitrap mass range up to m/z 16,000 and quadrupole/ion trap isolation up to m/z 8,000

Orbitrap high m/z range

500 miz 16,000
Low m/z isolation range High m/z isolation range
Quadrupole

Isolation width: 5-3000 Th

lon Trap

Isolation width: 100-4000 Th

50 2,000 miz 8,000

& nibrt



7E+6 A
6E+6

S5E+6 A

Intensity

2E+6 A
1E+6 -
OE+0

4E+6 -

3E+6 A

5 Th quad isolation

100 Th quad isolation
‘ GOF/G1F v GOF/G1F
GOF/GOF
23+ ] ]
1.5E48 1 G1F/G1F 1.5E+8 -
22+ 1 1
2 1.0£48 4 Z 10648 1
v A w) J
c fo
g GO/GOF 3
< ] = ]
24+ 5.0E47 - 5.0E47 1
21+ 1 L i s e
l 6400 6450 6500 6400 6450 6500
......................... 0.0E+0 e 013 J A N —
5500 6000 6500 7000 7500 8000 5500 6000 6500 7000 7500 8000 5500 6000 6500 7000 7500 8000
m/z m/z m/z

New quadrupole technology in Orbitrap Ascend Biopharma facilitates
transmission and narrow isolation of ions at high m/z, ability to isolate ions
corresponding to individual proteoforms
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Light chain — 17.8% sequence coverage Heavy chain GOF — 14.5% sequence coverage

N DIQMTOQSPSSLSASLVGDIRVITITI@RA N EVQLVESGGGULIVIQIPGG SLRLSW@GARAS
SQDVNTAVAWYQOQEKPGEKAPEKTLLTIYS GFNIKDTYIHWVRQAPGKGCLEWYVAR
ASFLYSGVPSRFSGSRSGTDFTLTTI IYPTNIGYTRYADISVKGRFTISADTS
SSILQPEDFATY Y @QIQIHIYITITIPIPITIFIG]IQ] KNTAYLQMNGSILRAEDITAVYYI@SIRIW G
GITIKLVIETITKIRIT vialAalP SIVIFIITF1P1lP SIDLEIQIL cID1c1FIYIAIMIDIYIWIGIQle TILIVIT VvISISIAISIT Kl1G)
KSGTASVVELLNNFYPREAERKVQWEIKYV PSVIFIPLIAIP S SKSTSGGTAALGETLVEK
DNALQSGNSOQESVTE QD SE KD STYSTL DYFPEPVTVSWNSGALTS SGVHTT FZPA
SSTLTLSKADYEKHEKVYA@BEVTHOQG VLOSSGLYSLSSVVTVPSSSLGTQT
LSSPVTKSFNRGEW®C YI@NVNHEKPSNTIEKTYVDIKKYVEIPKS@DK

THT@PP@PAPELLGGPSV F LLFLPLP KLP

Y KDTLMIISRTPEVTE@VVVDVSHETDTPE
Light chain VEKEFNWYVDGVEVHNAKTERKPREEOQYN

B118 ion (5+) STYRVVSVLTVLHQDIWLNGEKETYZKBEK

VISLNLKLA LLP A P ILELK TLI SLK ALKLG Q P R ELP Q

V YIT LIP P SRIELEMTKNOQLVIS LT@LVEKGTF

Y P SDIAVEWES SNGQQIPENNYIZ KTTZPZPYV

LDILSIDGSFFLYSKLTVDEKSRWQQGNTV

FS@ISIVMHEA AL HINLHLYLT Q K SLSLSPGZC

Experimental conditions: Heavy chain

* 100 spectra averaging (5 microscans) Y203 ion (11+)

* Combination of ETD 25 ms, ETD 45 ms, UVPD 30 ms and
HCD 40% acquisitions.
* 5 Thisolation windows centred on the GOF/G1F glycoform

* Data processing using ProSight native, 10 S/N threshold Use of multiple ion activation events on Orbitrap
and score >0.75 iobh f tive t d .

* Green part highlights areas where fragmentation is Ascend Biopharma for native top-down sequencing.
observed. Ability to confirm the glycan identity.
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B115 (7+) from HC ‘ B115 (7+) from HC
Trastuzumab HC (1-140) — N55 succinimide Trastuzumab HC (1-140)
N EVQLVESGGGLVIQIPGG SLRIL 20 N EVQLVESGGGILVIQIP GG SLRIL 20
21 S@AASGFNTIKDTYTIHWYVROQA 40 21 S@AASGFNIEKDTVYTIHWYVROQA 40
M1 PGKGLEWVARIYPTNGYTRY 60 MM PGKGLEWVARIYPTNGYTRTY 60
61 ADSVEKGRPFTISADTSIE KNTIAY 80 61 ADSVEKGRFTISADT SEKNTA ATY 80
81l LQMNSLRAEDTAVYY@® SRWG 100 8l LQMNSLRAEDITAVY Y@®SRWG 100
101 ¢ DIG F Y A M DIYIWIGIQIGe TILIVIT v1slslizo 101 ¢ D1IG F Y A M DIYIWIGIQIG TILIVIT VIsS1sS 120
121 A1S1IT KI1GIP S V FIP L AlP S S K S T S G 140 121 AT1SITIKIGIP S VIFIP L AJP S S K S T S G 140

Peptide mapping data identified succinimide formation at N55 on HC

Using 5 Th isolation, possible to identify and annotate succinimide

presence using nTD-MS on an individual glycoform A nibrt



Confirmation of PTM annotation using peptide mapping

Sample dilution

Homogenizer

Reduction and alkylation

Thermomixer

Buffer Exchange

J Bio-Spin® P-6
columns

Centrifuge

Protease digestion

e

al & &

Thermomixer

* Peptide mapping performed according to
Millan-Martin et al. on Orbitrap Ascend
Biopharma with data processing in
BioPharma Finder, simple column and
mobile phase change

PTMs identified by nTDMS were

confirmed on the peptide level, example
shown is the same N55 succinimide as
noted on previous slide

Millan-Martin et al. Nature Protocols. 2023, 18 (4):1056-1089.
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Identification of different glycosylation profiles depending on the biosimilars

and different levels of acidic and basic species in the chromatogram
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Sequence coverage (%)

Sequence coverage (%)
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Relative Abundance

Theoretical isotopic profile of light chain fragment ion B118 (6+) Experimental isotopic profile of light chain fragment ion B118 (6+)

N30 Averaged HCD MS/MS
deamidation 2145.75 Light chain with deamidation 2145.2868 spectrum from 11.5 to
] S\ 214558 214591 on the N30 residue 21451205 2145 4538 13 min (acidic peak)
80 s 2145.41 214808 3.0E4 2144.9539 S/N 2530 for main
[2146.25 _%\ . 21!}5.6202 isotopic peak
] 214524 2146.41 S 20E4 2145.7873
) 2144.6201
40 = 2145.9542
N 214508 214675 1.0B4 51444523 2146.6206
2144.91 2146.92 214?-75 j
2144.58 214742 | 3147.92 0
0] 5 4
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) 214575 ]
21dnd1 o Light chain without 8.0E4 2144.9531 o545y SPectrumfrom 131 to
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(2146.08 ] H
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miz
m/z

Combination of CEX separation with narrow window isolation and subsequent nTD-MS across
the chromatographic peak enables confident identification of modifications such as
deamidation, difference in Tr, m/z and isotopic distribution of precursor and product ions & nibrt



Absorbance (mAU)
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Emicizumab heavy chain B - PyroGlu
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50
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26 G FTFSYYDIQWVRQAPGEKGILETWYVSS

Emicizumab is composed of 2
different heavy chains and 2

identical light chains
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B, leading
conclusion that pyroGlu loss
is more likely to happen on

pyroGlu on heavy chain A,
heavy chain A

while almost no

More than 20 fragment ions
confirming the absence of

5
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Emicizumab heavy chain B — no PyroGlu
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mAU

Fc fusion proteins (FCFP’s) consist of desired linker protein joined to the hinge region and Fc
domain of an immunoglobulin. Being unnatural proteins, they are often highly glycosylated to
protect the molecule from proteolytic digestion
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Resulting heterogeneity from N- and O-glycosylation, in %
addition to other modifications present in the primary
sequence, makes chromatographic separation very
difficult and results in highly complex spectra and
deconvolution challenging

6

o

4

o

Relative Abundance (%)

0



DIA-PTCR recently introduced by Schachner et al. Here, application of DIA-PTCR on the LC timescale for

complex FcFP characterization was explored
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quad technology, PTCR
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range to simplify highly

complex biotherapeutics
characterization
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Assigning 1 min segments across the chromatogram

Zero-Charge Mass Spectrum

used for data processing

Deconvolution of 1 min  wwee| 2© mlm
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Identification of different major
species depending on the
retention time window selected,
showing the difference in the
glycosylation pattern.
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New instrumentation provides exciting approach for the development of complex
characterisation solutions:

* New high-performance quad technology for narrow window isolation

* Different ion activation strategies available

* PTCR combined with extended range to m/z 16,000

Application for native TD-MS on the chromatographic time scale enabled assessment of
various charge variant species present and provided insight into their identity with verification

using peptide mapping.

Ability to explore proteoform specific glycosylation, important for understanding complex
formats such as bispecific antibodies.

DIA-PTCR on the LC timescale very exciting for characterization of highly heterogenous
molecules such as FcFP’s, annotation of proteoforms identified ongoing.

& nibrt



Acknowledgements

ThermoFisher
SCIENTIFIC

Jonathan Bones, Sara Carillo, Florian Fissl, Silvia Millan-Martin

Thermo Fisher Scientific:

Kristina Srzenti¢, Andrew Norris, Rafael Melani, Christopher Mullen,
Vlad Zabrouskov

CASSS-MS Scientific Organizing Committee

—~9
°ENTERPRISE  scence Sfl
IRELAND i3 ;

d

& nibrt

or what's next



A nibrt

Proteoform Specific Microheterogeneity
Assessment of Biopharmaceuticals Using a
Modified Orbitrap Tribrid Mass Spectrometer

Corentin Beaumal?, Kristina Srzenti¢?, Sara Carillo?, Silvia Millan-Martin?,

Andrew Norris2, Rafael Melani3, Jonathan Bones'*

INIBRT, Dublin, Ireland.

2Thermo Fisher Scientific, Reinach, Switzerland.

3Thermo Fisher Scientific, San Jose, California, United States.

4School of Chemical and Bioprocess Engineering, University College Dublin, Dublin, Ireland.



Amivantamab SCX

26+ Charge State
Expansion

AN A AA

Deconvoluted masses

ey . Chromatogram 5647 1
7E+7 A ]
4647
6.E+7
S.E+7 A 3647 1
z
§ 4.E47 ]
2 > ]
- 2.E+7 A
3E+7 A ]
2E47 A ]
LE+T -
LE+7 J ]
0.E40 A e 0.E+0 A
5 10 15 20 5600

Time (min)

5650

m/z

G0/GO0
—— GO/unglycosylated
GO/GON || Go/G1
GON/GON
Non-glycosylated
—_ A . A A IA A A')\
5750 145 146 147 148 149

Mass (kDa)

A key product quality attribute for bispecific antibodies is determination of miss paired chains. Here,
amivantamab was analysed by pH gradient CEX-MS/MS using Orbitrap Ascend Biopharma. Major
species identified post deconvolution are show, the question was then which chain of the molecule

carried which identified modification?
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Amivantamab heavy chain A unglycosylated Amivantamab heavy chain B unglycosylated
. M QVQLVESGGGVVQPGRSLRLISEBAAS 25 M QVQLVQSGAEVEKEKIPGASVKVISEIET S 25
Glycanspresentonamlvantamab 26GFTIFSTYGMHWVRQAPGE KGLIEWYV AV 50 26GYTFITSYGISWVROQAIPGHGLETWIMGHW 50
51 ITWIDID GI1S Y K1Y Y G D S VKGR FIT I1S RD N S 75 51 I1S ATYIN G Y TIN Y A QIK L Q GIRVITMTTDTS 75
were a” afucosylatEd 76 K NIT L YLQMNS LR A EIDITIAIV Y1YI@ & R D1G1100 7 TSTAYMELRSLRSDDTAIVY Y@ AIR DIL 100
101 I TIMIV RIGIV M K D ¥YIFIDIYIWIGIQIGITILIVITIVISIS 125 101 R G T N YIFIDIYIWIG QI1GITILIVITIVISISIAISITIKIGIP 125
126 A S1TIKIGIP S VIFIP L AIP S SKS TS GGTAAL IS 126 S VIFIPIL AP S S K SIT S GIG TAALGE@L V KD 150
150 G@LVKDYFPEPVTVSWNSGALTSG V175 151 Y FPEPVTVSWNSGALTSGVHTTFTPAVI1Is
H H 176 HTFPAVLQSSGLYSLSSVVTVEPS SIS 200 176 LQ S SGLYSLSSVVTVPSSSLGTO QT Y 200
|SO|at|0n OfaSpeCIfIC glyCOform 200 L GTQT YIT @ NIVINIHIKIP SINITIKIV DIKIR V E1P 225 200 I @ N VNHKIPSNTKIVIDIK RIVIEIPIKIS @ D K T 225
. . . 26 K S@DKTHTE@PP@PAPEILLGGEPS V FLL 250 226 HT@P P@PIAPELLGG GFP SLV F LLFLPLP K PLK 250
using narrow quad isolation and 25108 2 K UK DIT L M(T S R TP EVT@VVVDVSzs 25T LMISRTEEVI@VYVDVSHEDEREvV 27
. . . 2726 HED PEVKFNWYVDGVEVHNAKTEK P R 300 26 K FNWYVDGVEVHENAKTEXPREEG QYN S 300
fragmentatlonUSIHgvarIOUS J1EEQYNSTYRVVSVLTVLEHEQDGWLNG K 325 30l TYRVVSVLTVLHQDWLNIGKEYEKI@EKV 32
. . 326 EY KB K V S NLK ALLLP ALP I ELKLTLILSLKLA K G Q 350 326 S N KA LIPLALP I EXK T I S KAIK G QLPLR ELP Q V 350
techr"ques Clted before 351LPLR ELPLQ V Y T LLPLPLSLR E ELMLT KINLQ V § L T @ 375 351 Y T LIPLP SREIEIMTKNQVSLT@BLVEKGTFY 375
376 LVKGFYPSDIAVETWE|LSNGQ QLPENN YLK 400 376|lP SDIIAVEWE SNGOQUPENINYKTTLP PV L 400
401 TTIPLPVLDSDGSFLLYSEKLTVDE KSR W 425 401D SDGSIFFLYSRLTVDEKSRWQQGNTYVF 425
260 QGNVFS@ISVMHEALHNIEYTOQXKSL S 45 426 SBISVMHEALHNIEYTQKSLSLSPGEC
. 451 L S P G C
Fragmentation maps show that
either chain of the bispecific Amivantamab heavy chain A GO glycoform Amivantamab heavy chain B GO glycoform
. M QVQLVESGGGVVQPGRSLRLISEBAAS 25 M QVQLVQSGAEVEKEKIPGASVEIKLIVISEIET s 25
CouldConta|ntheg|ycanorbe 26GFTIFSTYGMHWVRQAPGE KGLIEWYV AV 50 26GYTFITSYGISWVROQAIPGHGLETWIMGHW 50
51 ITWIDID G1S Y K1Y Y G D S VK G R FIT I1S RD N S 75 51 I1S ATYIN G Y TIN Y A QIK L Q GIRVITMT TDTS 75
- 76 KNIT L YLQMNSTLRAEIDITIAIV ¥1Y1@ & R DIG1100 76 TSTAYMELRSLRSDDTAIVY Y @ AIR DIL 100
un glyCOSYIated, as demonStrated 100 I T MIV R1IGIV M K D YIFIDIYIWIGIQIGITILIVITIVISIS 125 100 R G T N YIFIDIYIWIG QIGITILIVITIVISISIAISITIKIGIP 125
H 126 A S1TIKIGIP S VIFIP L AIP S SKS TS GGTAAL IS 126 S VIFIPIL AP S S K SIT S GIG TAALGE@L V KD 150
by the presence of fragment ions it CBL VKD YFPEP VTV SNNSCALTSGVIS s yFPERVEVSWNSGALTSGVRTEFA VS
. . . 176 HTFPAVLQSSGLYSLSSVVTVEPS SIS 200 176 LQ S SGLYSLSSVVTVPSSSLGTO QT Y 200
for each Conflguratlon, even in 200 L G T QT ¥YIT @ NIVINTHIKIP SINITIKIV DIKIR V E1P 225 200 I@ NV N H KIP S N T KIVIDIK RIVIEIPIKIS @ D K T 225
. . . 26 KSI@D K THT@PP@PAPELLGGPSVF L 25 226 HT@PP@PAPELLGGPSVFLFEPEPEKPK?250
thlS poor‘ly acce55|b|e reg|0n of 251 FLP P K P K DITLL MLILSIRT PELVT@V V VID V S 275 251 D T L MLILSLRLT PLELV T@V VVDLVSHEDTPEYV 275
2726 HED PEVKFNWYVDGVEVHNAKTEK P R 300 26 K FNWYVDGVEVHENAKTEXPREEQYNS 300
thesequence 3MEEQYNSTYRVVSVLTVLHEQDWLNGK 325 31T YRVVSVLTVLHQDWLNIGKEYREKI@KVai2s
326 EY KB K V S NLK ALLLP ALP I ELKLTLILSLKLA K G Q 350 326 S N KA LIPIALP I EXKTTISKAZKGQLPLR ELP Q V 35
351LPLR ELPLQ V Y T LLPLPLSLR E ELMLT KINLQ V § L T @ 375 351 Y T LIPLP SREIEIMTKNQVSLT@BLVEKGTFY 375
376 LVKGFYPSDIAVETWE|LSNGOQLPIEN N YLK 400 376lP SDIIAVEWE SNGOQPENINYKTTLP PV L 400
401 TTIPLPVLDSDGSFLLYSEKLTVDE KSR W 425 401D SDGSIFFLYSRLTVDEKSRWOQQGNTYVF 425
260 QGNVFS@ISVMHEALHNIEYTOQXKSL S 45 426 SBISVMHEALHNIEYTQKSLSLSPGEC
451 L S P G C
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