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CESI-MS was employed to simplify the characterization of monoclonal antibodies (mAbs). The charge 1. Intact Analysis of Trastuzumab The analysis of antibody subunits enables the localization of modifications to a specific fragment. Trastuzumab 3.5e7 2% D102G 12e5| N387G Enhanced
heterogeneity, potential critical quality attributes (CQASs),and glycosylation profiles, can be determined in _ _ o was reduced to its heavy (HC) and light chain (LC) subunits with DTT. Reduced samples were analyzed 1165
a single intact analysis. Further, the same CESI-MS platform can be employed to localize and confirm Post-translational and storage-induced modifications often alter the net charge of mAbs consequently | girectly with no additional sample prep. 3.0e7 2008 1oe
the identity of the charged variants by subunit analysis and peptide mapping. changing the electrophoretlc_: m(_)blllty. Thls_cgn be expl0|ted. to separate intact mAb charge variants. 2g:i
Trastuzumab was assessed in this study as it is well characterized and its CQAs are well understood. The | A B soe|PeaK -.2.5e7 1.565 - ood
dominant charge variants of Trastuzumab are deamidation and aspartate isomerization. 1767 The separation profile reveals four | 6.004
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1.6e7 23442 Da (+1) peaks (Figure 4A). The protein & 2.0e7 1.065 HC 5.0e4 HC
Therapeutic mAbs can exhibit significant micro-heterogeneity due to the numerous post-translational | CIEF and cation exchange (CEX) chromatography are conventional approaches to characterize charge | ' - envelope of Peak 1 is indicative of .= ‘ Is0D102G 1% D387G
modifications (PTMs), sequence variants, and degradation products that occur during production and yariants, but the buffers are not compatiple with_MS. Therefore, LC-MS is still required to identify CQAs, obtain :z: f1oed a LC, while the envglope from Peak 1.5e7 5 0ot 2:0:4 \J
storage. CQAs, such as deamidation, oxidation, and glycosylation can affect efficacy, bioavailability, and | Intact masses and determine glycosylation profiles. e oot 2 suggests a HC (Figure 4B). . VL 1,004 J LL
biosafety. Therefore, the comprehensive characterization of therapeutic mAbs is essential for both a7 503 ‘ ' _ 1.0e7 =060 - 40_,:1J e 0,060t Mo
product development and process control. CESI-MS provides charge variant profiles, intact masses and glycosylation profiles in a single assay. Figure 2 § (67 B a0e0” A \ | + . . Deconvolution of each of the peaks ! g
reveals the CESI-MS separation of Trastuzumab, the insert depicts the cIEF of Trastuzumab and highlights | oo Peak 2DHC 1 T g = 22 suggests that Peak 1 is attributed 2066 M ! M = 4oes 4.566 Method
Integrating CE and electrospray ionization (ESI) into one dynamic process (CESI) simplifies coupling CE | the profile similarities between the two assays. 2 s0e 20600 Da (+1) 1o Peak 2 to a deamidated LC, while the Peak 0,000, 3566 O 4.066 Induced
with MS®. In this work we demonstrate how CESI-MS can be used for the rapid, comprehensive o Peak 3 _iclEF Vain Peak Both CESI-MS and cIEF reveal g“’ee Peak 3 LC/HC o 2 could be attributed to deamidated ' 30 35 *F 40 45 N30T os| HC
characterization of mAb charge variants at the intact, subunit and peptide level. o) CESI-MS Main Peak laénG & charge variants of increasing | 23441Da /50599 Da " HC (Figure 5). The HC and LC with Time (min) o NSSG
2467 18013ps " pls. acidity. The CESI-MS profile is a | no deamidation are co-migrating in _ _ 2.506 %006
_ - s 4.0e6 Peak 4 LC 1000 - XICs of the digested mAb confirm the presence
> 2e7 _ mirror image of CIEF, as it is 200 Peak 3. The assignment of Peak 4 . 2506
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= 14e7 eak 4 %] Pre Peaks | compared with clEF and CEX Time, min ragments  permits  a  higher -  action 5005 HC
2 148213 Da (0)o (Table 1). Agreement between m/z confidence in N -G assignment. the high abunda_nce_ of D387G suggests digestion °% ‘J \\ ooe D55G
g o1 Post Peak 8.3 o 9 o Figure 4. A. The separation profile of Trastuzumab subunits. B. The protein enhanced deamidation. The presence of D55G, a ¢.e0* \ 0.060*
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' 1 87n) "In82 _ envelopes of Peak 1 and Peak 2 respectively. chemical deamidation, confirms this.” Ti -
5066 S -JCESI-MS for charged variant mAb ime (min)
Peak 1 C" " wmes " ® _ characterization. - - - - - Figure 6. A. The base peak electropherogram of Trastuzumab
6.066 i _ > While peptide mapping confirms and localizes ™'Y P pherog
roes, 148219 Da (+6) Increasing Acidity modificgtigns the [e))?tegsive sample preparation peptide mapping. B. The XICs of known degradation hotspots and
Peak 1 4041 Peak 2 %41 Peak 3 %4 Peak 3 . : . known method induced degradation sites.
2.086‘ Table 1. Comparison between Trastuzumab peak 8.5e5 LC HC o LC HC can pI‘OVG detrlmental and IN some case IntaCt
0.060 profiles of CESI-MS, clEF, and CEX .1 GOF G1F - 304 analysis may be preferable.
Figure 1. A. CESI 8000 Plus, B. CESI-MS interface. C. TripleTOF® 6600 " Tme.min CESI (%) CIEF (%) “CEX (%) 23442 | 50600 50762 55 5%229 5%;21
( . ’ . 2.5e5 | 3.0e4 aos CONCL USIONS
Increasing acidity Pre peaks 26.7 34.2 27.8 - 2564 ' 23441
MATERIALS AND METHODS : B 200 2sed o CESI-MS was employed to characterize the charge variants and potential CQAs of Trastuzumab. CESI-MS
i ; i i Main peak 58.3 60.4 57.7 & 2004 . ) o : : : . :
Fllggref ?r CES' Mst|)oeak profile of Trastuzumab. Insertis the P g 2 o facilitates a multilevel mAb characterization using a single analytical platform. A single assay at the intact level
Sample Preparation: Trastuzumab was diluted in the leading electrolyte (LE). Subunits were achieved CIEF O Trastuzimab. Post peaks 15.0 4.0 14.5 = 1.5e4 . GoF enabled charge heterogeneity profiles, CQA identities and glycosylation profiles to be understood. CESI-MS
using 20 mM dithiothreitol (DTT) at 80°C. Rapigest, DTT and iodoacetamide (IAM) were employed to 1.065 G2F 1.024 further confirmed the localization of the potential CQAs to the subunit fragment as well as to a particular
denature, reduce and alkylate for peptide mapping. An overnight digestion with trypsin was achieved at Deconvoluted spectra identifies potential | 50923 50925 amino acid residue.
: : 12004 pagk 1 148219 20000 Peak 3 148213 5,063
37°C. The LE of the digested sample was 133 mM ammonium acetate (pH 4). 000 145053 | GOF/GIF Main Peakonre: | coriciF CQAs and glycosylation profiles (Figure 3). 5 0e4 5 0e3 W v\jhsm | M
800 e 148381 15000 1G418F3;Z“=51F GOF/G1F is the dominant egCOfOI’m. °-°e°‘ 2 - °-°e°‘ D'OEO‘ 23300 23400/\J - 23500 D'OED‘ 50400 50600 50800 REFERENCES
clEF: was performed using the SCIEX clEF protocol on the SCIEX CESI 8000 Plus system. . GIFIGTF s e T ™ Mass, Da
- sasas GOF/Gé?:72O6 ;;SFS/?c’ZzF Peak 2 is +2 Da greater than the Main Peak | | | | | 1. Busnel, J-M. et a||. Anal. Chem.h2(_)1(?. 82. 9476-9483.
CESI-MS: All charge variant experiments were carried out on a SCIEX CESI 8000 Plus system. CE s G1F/G2F 5000 e ue e indicating two possible deamidations. While Figure 5. The deconvoluted spectra of each peak in the subunit analysis. Glycosylation can be seen on the HC. g ﬁantlos,RMJ.R. etIaJ.,gﬁ:lExgegogllca7é\lzot§3R3)U2(iéMKT—18-2325-A.
separations of the intact and subunit charge variants were achieved using capillaries with a positive |5 MULA,N ) GOF/GOF-G;%&ML‘«JL‘«J ST Peak 1 may suggest multiple deamidations. ' arris, R.J. etal. rom . L '
olyethyleneimine (PEI)? surface coating while peptide mapping was achieved using a bare fused silica g " 148000 149000 0 148000 149000 : : 4. Vandenheede, |. et al. Agilent Application Note. 5991-52573EN.
polyethy ) g Pep ppIng : : g | Peak 2 148215 Peak 4 148213 _ _ _ _ 3. Peptide analysis 5. Gallegos-Perez, J-L. et al., SCIEX Technical Note 0440114-01.
capillary. MS compatible background electrolytes (BGEs) containing acetic acid were used. ;ggg GOF/G1F 2000 sosa | COFeTF Peak 4 is a 0 Da shift, using CEX, Harris et | _ _ _ - _ 6. Gahoual, R. et al. J. Mass Spectrom. 2016. 15. 150-158.
o 148055 148377 GOF/GOF - al. attributed this to a D = IsoD conversion.3 Fm_ally, C.ESI-I\{IS peptide mapping can be employed to Iocallze_ modlflca'Flons anpl degradatlon hotspots to an 7. Marzilli, L, A. et al. LCGC. 2017. 15(1). 6-14.
MS Conditions: A SCIEX TripleTOF® 6600 system equipped with a NanoSpray® Ill source and CESI | 4 corieer i:;:: 2000 GIFIGIF amino acid residue.® Trastuzumab was reduced, alkylated and digested with trypsin (Figure 6A). @
adapter was used for all assays. For intact and subunit analysis the MS mass range was 600 — 4000 3000 G1F/G2F 148537 Unequivocal assignment of N deamidation TRADEMARKS/LICENSING
m/z in full scan mode. Peptide mapping used 100-2000 m/z in information dependent acquisition (IDA) | coratB908 Ms 1000 147908 G1F1’f;;99 and D isomerization (AM = + 1 & 0 Da) on | Tryptic peptide fragments typically range in size from 150 to 3000 Da. The CESI separation successfully
mode with a 100 msec TOF MS survey scan, a 50 msec IDA, and a rolling collision energy. - ‘ LRJ Gariear » COFEOF-Fue u c2FcF jntact mAbs is challenging. Analysis of | separates both D - IsoD and N - D variants.>¢ Further, high resolution TOF-MS instrumentation is highly | AB Sciex is doing business as SCIEX.
| | | | | o s, Da 100 “0° subunit and  peptides can  confirm | Suitable for the analysis of small (AM = + 1 Da) mass shifts. This assay confirms and localizes D | @ 2017 AB Sciex. For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein
Data Analysis: High resolution MS spectra were analyzed using SCIEX PeakView® and : ) assignment and permit site localization. isomerization and N deamidation. Unfortunately, the digestion process can not only artificially enhance | are the property of AB Sciex Pte. Ltd. or their respective owners. AB SCIEX™ is being used under license.
_ _ _ _ Figure 3. The deconvoluted spectra of each of the four CESI-MS peaks L B . N . L .
BioPharmaView™ software as well as Protein Metrics Intact Mass software. deamidation but also create new “method induced” chemical deamidation events (Figure 6 B).’
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