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Herceptin Characterization at peptide level

RESULTS

Intact Mass Analysis of Herceptin Under Native Conditions

ABSTRACT

Purpose: Evaluate the performance of the new Thermo Scientific™ Orbitrap Exploris™ 480 mass
spectrometer equipped with BioPharma option for complete characterization of monoclonal antibodies and
antibody-drug conjugates

Herceptin peptide mixture obtained after performing a Thermo Scientific™ SMART Digest™ was analyzed using RP
LC-MS/MS and resulted in 100% sequence coverage as shown in Figure 5.

Full MS spectra of intact Herceptin monoclonal antibody were acquired using SEC LC-MS see Figure 2). Orbitrap Figure 5: Herceptin peptide mapping results showing base peak chromatograms and sequence coverage

Exploris 480 provides accurate intact mAb mass analysis under native conditions using ReSpect deconvolution. Figure 6 : MS and MS/MS results for IYPTNGYTR N55 Heavy chain
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Methods: (1) Intact mass analysis under native and denaturing conditions using SEC LC-MS and RP LC-
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MS, (2) Top-down and middle-down analysis using RP LC-MS/MS, and (3) Peptide mapping using RP LC- Figure 2. (A) Single scan (10 microscans) FTMS A w0y Ty S C E zoomed main mass peak (A) and fragmentation for the IYPTNGYTR
MS/MS broadband mass spectrum of intact monoclonal (A) 250 - (©) y peptide in the heavy chain with and without deamidation (B).
_ _ antibody trastuzumab (IlgG1) under native £ ey § Deamidation assessment in Biopharma Finder modification plot (C)
Results: Demonstrated excellent performance of the new Orbitrap Exploris 480 mass spectrometer for conditions, acquired at 30,000 resolving power (at ; o MR o showing the % abundance for asparagine (N) and glutamine (Q)
complete characterization of antibodies m/z 200). (B) Expanded view of most abundant A 8 deamidation observed in the light and heavy chains of trastuzumab.
charge state (z=26) with baseline resolved [ toq oy v " gty "
. Time (min) 3 IYPTNGYTR N55 HC Deamidation Full MS and MS2
glycoform pattern. (C) Deconvolution spectrum 5%  Light Chain ‘Heavy Chain (A) ©
INTRODUCTION obtained from BioPharma Finder 4.0 using Sliding gﬁf’i ' " oo e
Window ReSpect algorithm providing average mass R = 30000 3 i E )
The complexity of modern therapeutic proteins, such as monoclonal antibodies (mAbs) and antibody-drug conjugates accuracy below 7 ppm for all trastuzumab variants. e : T Em
(ADCs) presents a great analytical challenge. MS approaches such as peptide mapping, top-down/middle-down and . (B) I ﬂ\{r o {
intact mass analysis are critical during development and production as those can provide complementary information ) l 1 L4 T _ R D
needed for in-depth insight into the structure and composition of biopharmaceuticals. Native MS analysis allows probing 4000 | 5000 6000 7000 5000 e T R b
molecules while preserving critical structural features, such as cysteine-linked ADCs and produces decreased charge T i
states thus improves spatial resolution. Here we demonstrate the capabilities of the new mass spectrometer to fully Top-down Analysis of Reduced Herceptin s e # 1 _L i :
characterize therapeutic proteins across a wide range of analysis, from peptide mapping to native intact mass analysis on e s . ’ | [J |
a single platform. Figure 3: Intact mass (A) and (B) Top-Down analysis of reduced Herceptin ‘ = D T I L e
12+ == Full MS Ms2
(A) R = 240K 25+ Light Chain SIM (480K)
MATERIALS AND METHODS I Native Intact Mass Analysis of SIGMA Silu mAb And SIGMA ADC Mimic
' eavy Chain o 15820 ., 15825
Sample Preparation Light Chai Xtract HCGiE ot 18 pom Figure 7: Analysis of Silu mAb and ADC under native conditions allowing DAR determination
. . . . . ig ain rac 9385 ., 9390 ' * . . . . .
Herceptin® (trastuzumab) IgG mAb (Genentech), Sigma SILu™ mAb universal standard and SigmaMAb Antibody Drug D R = 7,5K ‘ Heavy Chain Native size exclusion chromatography (SEC) coupled to mass spectrometry for the analysis of the SigmaMAb
Conjugate Mimic (Lot # SLCC0520) were used as standard samples. For native intact mass analysis using SEC LC-MS, 1562, 1586 1580 G 25 pom Antibody (1) and its Drug Conjugate Mimic (2). (A1-A2) Corresponding base peak chromatograms. (B1-B2) Orbitrap
the antibodies and ADC samples were injected without any further dilution. For subunit analysis, samples were either 53550 J‘ l l [ N bt B _ ReSpect. - full MS spectra acquired on Orbitrap Exploris 480 with BioPharma Option at R=60,000 (at m/z 200). (C) A detailed
reduced in 4M GgHCI/50mM TCEP or first digested with FabRICATOR (Genovis) enzyme according to the e L M Time (min) o o ““1&6\03 S s N view of the 27+ charge state for ADC mimic. (D1-D2) ReSpect deconvolution results for mAb (D1), and more complex
manufacturer’s protocol and then reduced. For peptide analysis, antibodies were proteolytically digested using the ®) mz Top-Down fragmentation m results for ADC (D2) showing a distribution of 0-8 dansyl-cadaverine SMCC linker-drug attachments. i5e
SMART Digest kit following reduction with 10mM DTT. T q:oo;
o FMIT KD Y T ANV e G AT R G EEIAE o Y004 & ! | ©80
1111111 GIY TIRYADISVKGIRFITISADTS 75 Bl c g 1 27+ | g -
Test Method(s) s s o8 muny sas i S0 (52) : ; o
_ _ _ _ _ _ naLnsiaIvz $ 7 7 8 6 SmSEnO NN S DVIFIRIEYS VITIVIS W NS 6 AL T8 GV AT E AL Beo- | | < -
Intact denatured and native mass measurements of the intact antibodies and ADC were performed using either SEC LC- le iy = ;kﬁﬁztm;:zlglmilzgtgmv TR R A TR mAb :;605 (A1) ADC | ! 240~ (A2)
MS or RP LC-MS. The top-down, middle-down, and peptide mapping experiments were performed using RP LC-MS/MS. | uoiusiiis Siintmiets fut - L L TR e e A %22, ! I $20
All measurements were carried out on an Orbitrap Exploris 480 mass spectrometer with BioPharma option. GeyimEmLaaviiETimAzcauaiia R = 60K i OE R=60K | ! 0 T
376 Y P S D I|ALVLELWLEL[SIN(GLQLP E|N|N Y|K(TLTLPLPLV 400 - - : | 0 5 10
_ b AR T R ® ime i) | | Time (min)
Data Ana|y5|5 [?f)ta proces_sed using BPF:' minimum required 1 fragment Residue cleavages: Light Chain: 62% R JL Jod n i
. . . . . . itter score: 80, S/N cutoff: 7, fragment mass ion types ) 4600 5000 5400, 5800 6200 6600 | \
Data analysis was performed using Thermo Scientific™ BioPharma Finder™ 3.2 software. tolerance: 10 ppm b Heavy Chain: 36.7% 5000 5200 5400 5600 ! 5800 6000 6200 6400 6600
l zoom , m/z
| | o . _ o
Figure 1. TNG templates and method editor. The Thermo Scientific Orbitrap Exploris 480 MS BioPharma method ReSpect™ / Figure 10. DAR calculation of
. . . agn . . . . . . . . . e ec -
editor is intuitive and features a drag-and-drop user-friendly interface with a library of pre-deflnec_j templates for standard Middle-down Analysis of Ides-digested Reduced Herceptin P Sigma ADC based on most
methods and easy instrument setup, enabling the analyst to focus on the science rather than the instrument setup. _ _ - _ (0Ass) abundant glycoform (GOF/G1F).
Herceptin monoclonal antibody was analyzed after FabRICATOR® digestion followed by reduction. The resulted 23-25kDa
| subunits were analyzed to produce baseline resolved MS spectra with a resolution setting of 240,000 (at m/z 200). For .
sh oma mm subunit fragmentation experiments the 100 Th isolation window was centered at m/z 900. Tsdo " sas0 | sso0 5o se0o | se4d nocreey | Abundanse
Method Editor s GoF G1F 2 4 6 8 e
R 1 ‘ - o - . - - = = ] 74ppm : :
_l I S Figure 4: RP-LC separation (A) Intact mass analysis (B-C) and Middle-Down analysis of Herceptin Subunits (D1) 146822.40 e DAR2 44 85.74
o 2 Myact naygeng, LC separation (A) and Full MS spectra (B, C) at 240k resolution for the Herceptin Fc, and Fd’ subunits. Very accurate DARA 21 100
Application Mode depaturgel NS . , . . . . . G1F.G1F DAR6 7.8 88.66
1 intact masses for the Fc, LC and Fd’ subunits are obtained (see table) and middle-down (MD) analysis thereof provides corcor | 1ampm R T o
| neWalncls - very good sequence coverage for all subunits (MD cleavage map for Fc and Fd’ (D)). 10.6 ppm ' LA L LN T Al Pl ol
N Peptide ' ' . 146660.72 5440 5480 5520 5560 5600 5640 Average
analysis 274 IdeS-digested & reduced Herceptin MD G1F.G2F 0 * Drug-to-Antibody Ratio (DAR)
Small Molecule \ B) oo 1 ppm (D2)
(A) . ’ o 147145.74
LC Fc N GLP S|VIFILIFIP PLK P K DIT LIMII1S(R TIP]ELVITIC] 25 13615¥l)g.62 “ ADC 4.56
F 26 V1V1V1D V1S H E[D1PIEIVIK F NIW]Y1VIDIGIVE VHN 50
C 7 Dim LIMIGIR & TR C® v e mEW L B FIZ E EELie 5 LL
I\I;:ggldnz Fd' R:240K 1:; (s:: :121 212 ;: ;; g; :1:1 ;::1§{3i21§:2{21:‘:2ig: ﬁ: 146500 Mass 147500 140 14000 ~ 19000 Mas 150 151000 500 - 153000
Save asTempIate 151 P1E|N|NJY1K]T|T(PLPLVILLDLSIDPLGLSLFLF L Y|S KIL T 175
;;flz g]li : 2 :12 g]g }GI'IZ'I F1S1C S VIM HIEJA L HNH Y 200
" Spentempes | . CONCLUSIONS
1 L Fc: 54% residue cleavages _ _ _ _
mAb - Intact ) 0 » |n this work we demonstrated outstanding performance of the Orbitrap Exploris 480 mass spectrometer for complete
m/z D) antibody characterization from intact and subunit to peptide level.
m#b - Lc & Hc Chains  » 4 Ti 6{ in) 8 (C) 25+
Ime (min
ull Scan —_— U E V QJL]V]E]Ss]G]G]GIL1V]Q]P G G]S]JL R L =¢
. s ¢ AJAISIG F N I KD T]Y]I HWV R Q]A TRADEMARKS/LICENSING
mAb - Middle-down ¥ Precursor m Fd! PIGIK G L EW]VAIJR I YIP TNGY TRY
St SRR LT de o 2}; - szuF\ ! :1:131231 51:1 Qm , © 2020 Thermo Fisher Scientific Inc. All rights reserved. ReSpect is a trademark of Positive Probability Ltd. Herceptin is
Protein - Intact Charge State Fc - GOF 2522050382  +1.6 AMMMA AM]\/\JM e b GF]Y]AIMLDLYIWIGIQlG TIL V]TIV1s]s a trademark of Genentech, Inc.. Silu is a trademark of Sigma. All other trademarks are the property of Thermo Fisher
Middle-down mAb MS1 + targeted wide isolation HCD e . 10K o0 10165 A e e v e Scientific and its subsidiaries. This information is not intended to encourage use of these products in any manner that
- + - . . . . .
Top-down HCD ~ » Middle-down mAb targeted wide isolation HCD - T ' mz IWINLSIGLA L1TLSIGLY H T F P A VIL alsls might infringe the intellectual property rights of others.
_ ALY o [GLLLYLSLLLS1ISLVIVLTLVIPLS SIS LIG T Q[T =¢
Top-down HCD LC 23,428.56981 +2.0 J” | 20 [YLILC N V NLH K[P SIN|TLK V D|K K V E P 2
ks i oL L K S CDK|T HT]C PIPLCIP ALPELLGC -
F 2536750618 411 om0 FThermoFisher

Fd’: 52% residue cleavages

PO65796-EN 0422S

SCIENTIFIC



	Slide Number 1

