(Digging Deeper in Every Direction)

Developing an Industrial Platform for Advanced
Multi-Faceted Characterization of Emerging Complex Biologics

Aaron O. Bailey', Jimmy Yi Zeng', Guanghui Han', Josh Silveira?,
Kristina Srzentic?, Christopher Mullen?, John Syka?, Romain Huguet?
'BGI Americas, Mass Spectrometry Center, 2904 Orchard Pkwy, San Jose, CA 95134;

2Thermo Fisher Scientific, 355 River Oaks Parkway, San Jose, CA, USA, 95134




Mass Spec Services for Drug Research and Development

Intact Mass Peptide Mapping

Biologics

Candidate Molecular Process
| Screening | | Characterization | Development |

Drug Research and Development
|

Discovery
Proteomics

Proteomics



Comprehensive characterization needs both peptide mapping and intact mass =l
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Relative Abundance

Native MS improves quality of congested intact mass spectra =i

Q Exactive Plus BioPharma 2016 53+
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= Greater m/z separation of co-eluting species’ charge states
= Helpful for microheterogenous isoform mixtures of covalently-assembled molecules



Intact mass analysis via native SEC-MS provides accurate high throughput answer =2

Native SEC-MS
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Solution phase charge reduction additives are powerful but messy 28
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Testing new Orbitrap Eclipse Tribrid MS Platform (2019) 2=
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What is Proton Transfer Charge Reduction (PTCR)? =]

J. Am. Chem. Soc. 1996, 118, 7390—7397

Ion/Ion Reactions in the Gas Phase: Proton Transfer Reactions

Involving Multiply-Charged Proteins

James L. Stephenson, Jr., and Scott A. McLuckey*
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» Proton Transfer Charge Reduction (PTCR)

+ Same Technique Described by Stephenson and McLuckey.
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New era of ADVANCED ‘single MS’ platform for biologics characterization =]
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Proton Transfer Charge Reduction (PTCR)

Denatured SEC-MS
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lon Trap Isolation Improves Signal-to-Noise of native intact mAb mass spectra =1
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PTCR reaction influenced by available ion current, isolation window size
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Etanercept: highly glycosylated Fc-fusion therapeutic protein
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Etanercept: highly glycosylated Fc-fusion therapeutic protein 28
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HCD+ETD peptide mapping results: Trypsin 30 min + AspN 18hrs =28

Sequence Coverage ‘
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HCD+ETD N-glycopeptide mapping
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HCD+ETD peptide mapping results: Preliminary O-glycan summary =28

Trypsin 30 min Trypsin 18 hrs Trypsin 30 min + AspN 18hrs
186 S186+GalNACc-1G O-Glycan 220349 186 S5186+GalMNAc-35G O-Glycan 45,0504 186 5136+GalNAc-6G... O-Glycan 64230
186 5126+GalNAC-BGGN-3G 0-Glycan SRT43T 186 5186+GalMAc-85-35G O-Glycan 12.2392 186 5186+GalNAc-6G.. O-Glycan 74,3229
186 ~5186+GalNAc-6GGN-35G  O-Glycan 7.7420 199 ~5199+GalNAc-6Gn-35G O-Glycan 55.7023 199 ~5199+GalMNAc-35G  O-Glycan 422293
200 T200+GalNAC-BGGR-35G 0O-Glycan 27.0970 200 ~T200+GalMAC-0GGR-35G O-Glycan 34,0020 199 -5199+GalMAc-6...  O-Glycan 40.2466
200 ~T200+GalNAc-35G 0-Glycan 277357 200 ~T200+GalNAc-6Gn-3G O-Glycan 26,8155 200 ~T200+GalNACc-3G  O-Glycan 0.8195
200 ~T200+GalNAc-BGR-3G 0-Glycan 10,3988 213 ~T213+GalNAC-65-35G O-Glycan 00,5643 200 -T200+GalMNAc-6G... O-Glycan 22,8685
200 ~T200+GalMNACc-6GN-35G O-Glycan 36,3837 217 ~T217+GalNAc-35G O-Glycan 100.0000 200 ~T200+GalNAc-6Gn  O-Glycan 0.6567
200 ~T200+GalNAC-65-35G O-Glycan 1.0282 218 ~5218+GalNAc-3G O-Glyean 0.5718 200 -~T200+GalNAc-B5... O-Glycan 21785
207 ~5202+GalNAC-65-35G O-Glycan 100.0000 226 5226+GalMAc-35G O-Glyecan 594509 213 ~T213+GalMAc-65... O-Glycan 100.0000
226 5226+GalNAc-35G O-Glycan 100.0000 226 ~5226+GalNAc-35G  O-Glycan 100.0000
302 ~T309+GalMac-35G O-Glycan 70.4285 232 ~5232+GalMAc-65  O-Glyean 100.0000
309 -~T309+GalNAc-65-35G O-Glycan 29.5715 287 5287+GalNAc-3G O-Glycan 27387
287 S5287+GalNAc-35G  O-Glyean 54.0540
287 S287+GalMAc-65-... O-Glycan 48,0036
it g LA OOTAS0018075
Physicochemical Characterization, Glycosylation Pattern Initial methods identified 11

and Biosimilarity Assessment of the Fusion Protein Etanercept .
analyt'cal_ (Of 13) known O'glycan sites:
cl1em|stry | othman Montacir’?- Houda Montacir' - Andreas Springer® - Stephan Hinderlich? - Fereidoun Mahboudi* -

Amirhossein Saadati® - Maria Kristina Parr' @ 5186’ 5199’ TZOO’ 5202’ T213’
N- and O-Glycosylation Analysis of Etanercept Using Liquid T2 17, 52 18, 5226, 5232’ 5287’
Chromatography and Quadrupole Time-of-Flight Mass Spectrometry
Equipped with Electron-Transfer Dissociation Functionality T309

Stephane Houel,'{'v Mark Hilhard,:]: Ying C¥11g Yu," Niaobh McLoughlin,gz Silvia Millan Martin,:]:
Pauline M. Rudd,’]' Jonathan P. Williams,” and Weibin Chen®'



Etanercept structure and enzymatic tools for intact characterization  gpg=8
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Sample Prep for Native Intact Analysis of Etanercept
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Prep K— native SEC-MS ==’
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HCD+ETD peptide mapping results: N-glycans

IdeS/Fabricator digest
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Sample Prep for Native Intact Analysis of Etanercept

»
A B
Native Intact Subunit
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Prep D — Autosampler loop inject (native nano-ESI)
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Native mass spectrometry combined with
enzymatic dissection unravels glycoform
heterogeneity of biopharmaceuticals
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Prep D — Autosampler loop inject (native nano-ESI) ={eq
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Automated native LC-MS (tested both SEC and nano loop inject) p=2E=8

TNFR
Etanercept : 2xG2, 2 G2F -
p 61409.39 T G2,3xG2F
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Sample Prep for Native Intact Analysis of Etanercept
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Prep B—TNFR Subunit
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94 isoforms identified above 30% abundance level, within 50 ppm mass accuracy =l
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94 isoforms identified above 30% abundance level, within 50 ppm mass accuracy =l

4 x N-glycans (G2/G2/G2F/G2F) .
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End goal is to align intact data with highly complex glycopeptide map data 28

TNFR N-glycan sites TNFR O-glycan sites

; @ N149+A1GO ® N171+AIGO 186 5186+GalMAc-35G O-Glycan 45.9604
04,9689
i 43.9325 PR 186 5186+GalNAC-65-35G oGl 12.2302
@ N149+A1GOM4 @ N171+A1GOMAF alae yean ’
@ N149+A1G1 R 199 ~5199+GalNAC-6Gn-35G O-Glycan 55.7023
B NG @ N171+AISIMIF 200 ~T200+GalNAc-6GGN-35G  O-Glycan 34,0020
® Ni4s+AIGIMA ® N171+AZGO
. M1494+A1G1MAF 35?099 . NiT71+AZGOE EOD “TEGU"'GEENA{‘EGH_EG U‘-G|}"C3I‘l 26.9155
: :i:‘;*:::;”“ @ N171+42G1 213 4 188 5186+GalNAc-3G O-Glyean 22,0349
.
® Ni4s+AISIF WIS 217+ 186 5186+GalNAc-6GGn-3G O-Glycan 56.7437
& NiIFIH+AZG2F 18
@ N145+AISIMA B ik 7 186 ~5186+GalNAC-6GGN-35G  O-Glycan 7.7420
S miptAE 226 3 00 T200+GalNAc-6GGn-3SG  O-GI 27.9970
@ N145+A151MSF 60583 ® N171+A251GOF +GalNAc-BGGn- -Glycan :
@ N149+A2G0 i fiaITARSTGon 200 ~T200+GalNAc-35G O-Glycan 27.7357
@ N145+42G1 @ N171+A251G1
32.3827 - S - 200 ~T200+GalNAc-6Gn-3G O-Glycan 10.3988
@ N149+AZGZMS @ N171+A251G1M4 200 ~T200+G3 186 5186+GalMAc-6G.. O-Glycan 64239
@ N145+A251G0 141712 B NizeAIS2 200 ~T200+G4 186 S186+GalNAc-6G.. O-Glycan 743229
@ Ni171+A252F
: :iiiizm & szt 202 ~5202+G{ 199 ~5199+GalNAC-35G O-Glycan 422293
@ N149+A3GD @ Ni1F1+A3G1 226 S5226+Gal 199 -~5199+GalMNAc-6... O-Glycan 40,2466
@ Nuasns ekt 308 ~T200+G; 200 ~T200+GalNAc-3G  O-Glycan 0.8195
® N149+A3G3 @ N171+A3GIF
S PR 300 ~T300+Gi 200 ~T200+GalNAc-6G... O-Glycan 22,8685
P N1494+A351G0 . M171+A351G0 200 ~T200+GalMAc-6Gn U—Glycan 0.6567
::i::*ij:i; ® 1171+A351G1 200 ~T200+GalNAc-6S... O-Glycan 2.1785
¥ @ N171+A3S51G2F
® N149+A3ZS1GIEF @ N171+A352G0 213 ~T213+GalMAc-65... D-Gl}ﬂ:ﬂﬂ 1000000
@ 1148 +A352G0 @ 17142463 226 ~S5226+GalNAc-35G O-Glycan 100.0000
@ N149+A35g1GO 1 @ N171+A451G2
e 232 ~5232+GalNAc-65  O-Glycan 100.0000
@ N171+A452G1
@ n14s+Ma & vt 287 S$287+GalNAc-3G  O-Glycan 27387
: G " ® N171iMs 287 S287+GalNAc-35G  O-Glycan 54,0540
M149+Unglycosylate
287 $287+GalNAc-65-.. O-Glycan 48,0036




Thoughts on using PTCR for measuring isoform distributions

* PTCR method requires that m/z window is
isolated prior to reaction

2=’
* lon trap-based isolation (not MS1)

H’“
* Concentrated ion population = improved __ Full MS
o W
e Best way to avoid skewed isoform distribution?

* Need to measure ‘true’ isoform profile 1000 m/z isolation window + PTCR

 How many charge states should we ideally N
isolate?

50

0

50

* Rapid, confident methods create greater need
for aligning intact data with peptide map data

3000 4000 5000 6000 7000 8000
miz



Summary =1

* Native SEC-MS + PTCR charge reduction is
an automatable, state-of-the-art approach
for intact mass analysis of highly complex
biologic drugs

* Orbitrap Eclipse MS provides new | = | H [
means to analyze intact
1 H Intact el Subunit S.ul.)unit.
m I C rO h ete roge n e O U S p rOte I n (A sialic acids) (::\sci)a-:ry:::’:)) (A sialic acids) ((‘Aa%a_lg'::v:::j:))

isoform mixtures on a single MS
platform E Intact @ .Ir;:‘.act ids) Subunit @ ss':::::; ds)

(A sialic acids) (A sialic acids)

(A N-glycans) (A O-glycans) (A N-glycans) (ﬂ O-glycans)

(A N-glycans) (A N-glycans)

* Please feel free to contact us for N
guestions or project inquiries
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