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ABSTRACT SAMPLES

Correct identification of heterogeneity of monoclonal antibodies (mAbs) and antibody-drug-conjugates (ADCs) is an Figure 3: NIST mAb 8671 including amino-acid sequence, disulfide-0-bond linkage, and post-translational modifications

essential analytical tool in the biopharmaceutical industry. High resolution accurate mass spectrometry (HRAM) has
established itself as a powerful tool for the characterization of such compounds; however some proteoforms might not be
observed due to potential sample complexity. Here, we used the ZipChip™ system from 908 Devices made of micro-
fabricated glass chips, coupled to a Thermo Scientific™ Q Exactive™ Plus or Q Exactive™ HF mass spectrometer with the
Biopharma option to separate and characterize charge variants of the NIST mAb standard and an ADC derived from it. We
were able to identify the three published charge variants with 0, 1 or 2 lysine residues. Using the Thermo Scientific™
BioPharma Finder™ 2.0 software package, accurate intact mass for at least 15 glyco-forms were obtained. The NIST mAb
has only one glycan site per heavy chain, which was modified using click chemistry to generate an ADC. The resulting
model ADC also had charge variants, which were successfully separated and annotated with the correct MS1 by CEMS.
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INTRODUCTION

NISTmAD, recombinant humanized 1gGlk

. . . . Number of ami ids: 1326
The main goal of this work was to develop a method to characterize heterogeneous mAb and ADCs in a top-down Disulfidebonds:  La(inter-chin). A(intra-chaird
High-abundance PTM: N-terminal pyroglutamination

approach. This was achieved by combining the powerful combination of efficient separation by capillary electrophoresis
(CE) and HRAM together with data analysis software. The separation of proteoform charge variants is quite a challenge
using chromatography, but CE provides an ideal separation technique for this problem. Microfluidic CE is advantageous for

C-terminal lysine clipping
glycosylation

the mAb analysis given its good separation efficiency and short migration times because of high field strength and short \ ——l

separation channel length. The Orbitrap™ mass spectrometer family is also a good option for this application, and the Q

Exactive HF MS with Biopharma option, with its extended m/z 8000 range, is particularly well-suited to the analysis of very Figure 4: . Reaction scheme to obtain ADCs from the NIST mAb standard using click chemistry. Three different payloads were
large biomolecules. The BioPharma Finder software package is specifically designed to characterize complex proteins generated, using AF488, Biotin and dylight800. CEMS analysis in Figure 8

using dedicated deconvolution of mass spectra for individual time windows in combination with a thorough comparisonto a NISTmAB — N3+  DIBO _ AEass

reference database with all variants. In this study, the combination of microfluidic CE separation, MS detection, and data
analysis is presented to solve one of the most challenging workflows in the biopharma industry.

NISTmAbDb NISTmAb — N3 NISTmAb — N3 + DIBO — Biotin

The NIST reference material (NIST mAb standard RM 8671) used in this study has a published sequence including post RESULTS M3TmAk —-N3 -+ DBCO —dviights00
translational modifications (PTMSs). It is a recombinant humanized IgG1k antibody with any process-related impurities
removed through various purification steps. The heavy chain of this mAb is known to have a high abundance of PTMs such Figure 5. A) Electropherogram of the NIST mAb in a 3 min run on a Figure 6. Three deconvoluted mass spectra from different
as N-terminal pyroglutamination, c-terminal lysine clipping, and glycosylation. 10ug/uL of raw sample was diluted with HR m'CVOf“t“d'C ih'pThhyphed”ﬁtEd “t) |Q Exactive Ht': BioPharma migration time intervals, corresponding to different lysine

i - At - - - - - mass Spectrometer. 1hree airerent Iysine variants were variants. A) mAb with O lysine adduct including 5 glycosylated
delonl_zed \_/vater to Q.5pg/pL prior to_lnjectlon. No desalting procedu_re IS necessary fqr this serloes of QEMS experlmoents. separated. B) Three mass spectra were extracted from the three variants B) mAb with 1 lysine adduct including 4 glycosylated
The ZipChip HR chip was primed with background electrolyte solution (BGE) consisting of 0.2% acetic acid and 10% IPA peaks of the electropherogram. Lysine variant (128Da) can be variants C) mAb with 2 lysine adducts including 5 glycosylated
(pH=3.17). Once a stable electrospray was observed, 10uL of 0.5ug/uL mAb was pipetted into the sample reservaoir. identified after the comparison of deconvoluted mass spectra. variants
Pressure injection with 2 psi for 4s was used for sample loading, introducing 0.4nL corresponding to 0.2ng of mAb into the Higher number of lysine on the C-terminal of heavy chain

provides higher mobility due to the additional positive charges

separation channel. 20kV was applied for CE separation within 22 cm-length of channel, and ~2kV was used for nano-ESI. from lysine

Each run was finished in less than 3 minutes. The NIST mAb standard was labeled using click chemistry with a negatively

charged fluoresceine derivative or biotin, which were attached on both N-linked glyco units on the heavy chain, adding 10 T oye LY oo 2.040-2.050min
either two times1145.37Da for AF488 or two times 857.03Da for the biotin label to the MW of the antibody. The Q Exactive . e T & A e
HF was set to the optimized conditions for ultra-high mass biomolecule, and to maintain a scan rate of 6 scans/sec. In- : % 111111 THEEE Y
source CID (100V) was applied to assist desolvation. m/z range (2500~6000) was selected for this mildly denaturing 1ys @ Jp A S U N s —
condition. BioPharma Finder 2.0 was used throughout for data analysis. The sequence and PTM information of the NIST 20 }j 1iys 1 2.020-2.035min
MADb was first set up in protein sequence manager. The identification of different variants can be accomplished after the Vo T T 1% e ie Te 1w Q() T TR a7 Zm 2w 2w i :i”: gggg Gﬁﬁiﬁ;‘{ .
mass spectra were deconvoluted to the intact mass with the ReSpect algorithm. E . v o i ‘ 111111 L
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Figure 1. Characterization of mAb/ADC is accomplished by separation with the ZipChip device, on-line analysis :1 o l l “ o A N R e LY
with high resolution Q Exactive Plus or Q Exactive HF with BioPharma mass spectrometer, and identification with R - T T e T e

BioPharma Finder 2.0 software.

Figure 7: Identified proteoforms of the NIST mADb through the BioPharma Finder 2.0 software
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Figure 8: CEMS of NIST derived ADCs with A) AFF88, B) Biotin as payload on both N-glycan chains. CEMS separation
conditions identical to conditions used for NIST mAD.
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INSTRUMENTATION

Figure 2. A) Schematic of high-resolution (HR) microfluidic CE chip with a 22 cm channel and integrated nano-ESI
emitter. The nano-ESI spray can be monitored with the integrated red laser and camera.
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MS with Biopharma option. No sample preparation and desalting was necessary.
« Most proteoforms listed in the NIST mAb Reference Material were identified via CEMS: 5 glycosylated variants including

DAR2_1Lys
B) Schematic of Q Exactive mass spectrometer family including the high-performance quadrupole precursor oare 1Lye DOL=2.0 DAR2_2Lys
selection and high-resolution, accurate-mass orbitrap detection. The BioPharma Finder software package is DAR2 21ys 1481777 i I \ A
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optimized for 3 protein workflows: high-mass-range (HMR) mode for intact analysis, intact protein mode for R e R e et i o o Time (min)
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CONCLUSIONS
EO Pump * NISTmAb and NISTmADb derived ADC samples with charge variants were separated and characterized using
\A microfabricated glass chips in a CEMS experiment in less than 3 minutes by coupling the 908 ZipChip to a Q Exactive HF
\

Electroosmotic flow (EOF) w

ESI GOF/GOF, GOF/G1F, G1F/G1F, G1F/G2F, and G2F/G2F from 2-lys, 1-lys, and 0-lys migration time frames.
* The relative sample amounts of the detected charge variants covers 3 orders of dynamic range.
B  Despite the acidic separation conditions, charge state envelope of 26-31 is very close to native conditions for the mADb.
HyperQuad Mass Filter with Advanced Advanced Active « The NISTmAD derived ADCs exhibit, as expected, the same charge heterogeneity.
HCD Cell C-Trap Quadrupole Technology (AQT) Beam Guide - For the AF488 and Biotin as payloads, only the variant with 2 payloads were observed confirming the high yield of the
] (AABG) click chemistry.
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