Middle-Down Analyses of Unmodified and Stressed Monoclonal Antibodies Using an Orbitrap Fusion Lumos
Tribrid Mass Spectrometer

Stephane Houel, Romain Huguet, Jennifer Sutton, Aaron O. Bailey, Vlad Zabrouskov, Jonathan Josephs, Thermo Fisher Scientific, San Jose, CA, 95134

B) Oxidative stress of trastuzumab 3) MS2 experiments: ETD (8 ms activation time) on scFc-GOF by multiplexing five charge states For a rapid identification of the oxidation sites, only one raw file per level of oxidation was acquired and the

only mode of fragmentation used was ETD with an activation time of 8 ms. For the unmodified scFc, masses
corresponding to only GOF as a modification were targeted. By multiplexing five charge states, a sequence
coverage of 57% was observed (Figure 10a). The same deconvolution masses were searched against scFc-
GOF with one oxidation at position 16, and no N terminal fragments were matched after the methionine at
position 16 assuring that random matching or false positive is at a low level or not occurring.

ABSTRACT

Purpose: To characterize unmodified and stressed monoclonal antibodies using a middle-down approach.

RESULTS

A) NIST mAb: Acquisition with a wide isolation window and ETD and UVPD modes of fragmentations

Figure 10. scFc of trastuzumab unmodified. Data searched with GOF on asparagine at position 61 and
no oxidation (a) or one oxidation at position 16 (b) (modified peptides are highlighted in green).
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1) MS1 experiment

Table 1. Results for duplicate raw files for each condition (unmodified or 0 h and after an oxidative (aN)

Methods: Samples were first digested with IdeS and MS1 and targeted MS2 data were acquired. Two
stress of 5 h or 24 h)

different modes of fragmentation, electron-transfer dissociation (ETD) and ultraviolet photodissociation
(UVPD), were used, and data were processed with Thermo Scientific™ BioPharma Finder™ software
version 3.0.
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Figure 3. lllustration of ions that will be

fragmented for the LC when a wide
isolation window of 300 Da centered at A wide isolation window of 300 Da centered at 900 m/z .

900 m/z is used. was used for all three subunits. For each subunit, ETD

For scFc-GOF with one modification, the highest sequence coverage for 5 h or 24 h was identified with the
oxidation on the methionine at position 192 and the sequence coverage was 39% (Figures 11b and 12b) .
Numerous fragment ions also support an oxidation on methionine at position 16 (Figures 11a and 12a).
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. : H g P y 207, 5470, 070 (a) M16. Residue Cleavages: 28% ( M192. Residue Cleavages: 39% methionine position 192 (Figures 12a to 12g). These results suggest that for scFc-GOF with two oxidations,
o T scFe, LC, and Fd. For UVPD or ETD, by combining the o Lia2G1F 25382388 23382516 25 L33 ® s307 () 6o Svirnnir e o mmioie @ xisin z zz vie ¢ ) e s vinnr 0 s snm 1 st e v e M16 can only be oxidized when M192 is also oxidized. On the other hand, three fragment ions are also
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Sample Preparation & & deconvolution XIC for scFc GOF and Fd both unmodified or after 5 hours or 24 hours of an oxidative DWLNGIKEYKCKVSNKALPAPIEEKTHI DWLNGIKEYKCKYVSNEKALPAPTIEKLTLT LVILLQLSLSLGLILLYLSILLISLSLV VLTIV PLSLSLSILLGLT QLT down were also confirmed by peptide mapping.
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incubating mAbs in 0.015% (v/v) of H,O, for 5 or 24 hours. Stressed samples were then buffer exchanged in o 40 misms @ 40 m12ms 100 8.657 . Lel g p ELNINLY K T T PP VIL D SIDIGLSLFLFLLLYLS KLLLT Figure 15. Fd of trastuzumab after 24 h of oxidative stress. Data searched with one oxidation (in green) at
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under denaturing conditions to generate three ~25 kDa subunits (scFc, LC, Fd). x 20 moms € 20 =30 ms /‘uﬂ 738 sor0 8.E407 - m 5h Figure 13. scFc of trastuzumab after 24 h of oxidative stress. Data searched with GOF on asparagine at (a) W36. Residue Cleavages: 29% (d) W99. Residue Cleavages: 43%
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window coupled to the Xtract deconvolution algorithm was used. Time-defined MS/MS spectra were G Pls VIFILIFIP PIKIPIKIDITILIMITTSTRITIPIEIVITIC + pLr QIMITIQISIPIS TILls AlsIviGID RIVITINTIC]S A 25 3 5pd HCD 0 - 0 oxidation (d) M16 — W145. Residue C.Ieavages 27% () M192 — W77. Residue Cleavages: 23%
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automatically deconvoluted using Xtract, and fragmention maps were directly generated within the software. IVIVIVIDIVISTHIEIDTPTETVIKIFINWI YIVIDIGIVIEIVIHIN “1s1sTRIVIG] YIMIHIWI YIQIQIKIPIGIKIALPIKILTLT1T¥TD] T 5 L g o VvV VID vV s HIEID PIEIVIKIFINIWIYIV D G V E V HINI VYVDVSHEDPEVEKENWYVDGVEV HIN] = High sequence coverage of mAb subunits can be obtained by combining different modes of fragmentation
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one or two oxidations were generated automatically inside BioPharma Finder software by defining the number lslk alklelQlp[rLElPlQlv ¥ TlLlPLPls[RLELEMLT[KIN o] T1KIVLELI1KIR]ITIV]AlAlPLS VIFLITFLPLIPIsIPLElQ L1K 1 QVSLTCLVIKGFYPSIDIAVEMESNGD?Q QVSLTCLVIKGFYPSIDIAVEWLESIN GLQ = Multiplexing different charge states representing different levels of oxidation of a stressed mAb can be a
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Figure 2. Data were collected using a Vanquish UHPLC system (a) coupled to an Orbitrap Fusion lpLeININLyIkLTiTIplelvLLiplsIplslsrlrlLivisiklLlr == InlaLLlaLs 6INLslalelslvLTLelalols|klplslTLylslLLs MS2 . HCD 0 - 2 oxidation (€)M16 — W181. Residue Cleavages: 32% (k) M192 — W41. Residue Cleavages: 23% = The identification of the oxidation site through a middle-down experiment can be unambiguous, but when
Lumos mass spectrometer (b) and processed with BioPharma Finder 3.0 software (c). Lviolkls rRiwlQlelINLvLFlsLclsvIMIHLE ALL HINIHLY “oo|s|TlLLTlLls Ik lalDLy ek HIkLv LY ALc LELvLTH QLG L 0 | E G P S VIFILIF P P K PIKIDITILI@ I1S1R T P1EIVITIC] N G P S VIFILIF P P K P1K1D1T1L}al1s RTPEVEC subunits are oxidized at numerous sites, the analysis can be challenging.
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Al of the subunits of trastuzumab were identified and matched to the theoretical mass at less than 4 ppm PEINIMIY KT T PEPVLDSDGLE FPLLYSKLLT PEININLYKTTPPVLDSDGLSFFLLYSKLLT : Sy . .
1Alp] 1'WIWIDID1KIKTH YINIPLSTLLK DIRILITIITSIK]IDIT (Table 1). Oxidized forms of scFc and Fd eluted before the non-modified subunit (Figure 7). As expected, the VDKSRMQQGNVFSCSVMEHEEALHINLHLY VDKSRLW QLOLGIN VIF S C S VIMIH E A L HINLHLY © 2018 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher
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