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Objective

Sample Setup and Data Processing

Reduced Lysine-Conjugated ADC Mimic

Cysteine-Conjugated ADC Mimic

● The development of rapid, robust, and automated
methods for characterizing antibody and protein-drugconjugates using LCMS

DAR Report and Calculations

Overview
● Antibody and protein-drug conjugates (ADCs) are very
popular therapeutic modalities that require extensive
structural characterization.
● One of the most important attributes of ADCs is the
Drug-Antibody Ratio (DAR), which represents the
average drug molecule payload per antibody molecule.
● The complexity of the raw ESI mass spectra and the
processing of these spectra from LCMS data sets to
extract meaningful DAR values can be challenging and
time consuming without the use of robust analytical
methods and automated data processing approaches.
● In this presentation, the automated LCMS methods and
software used in our laboratory to analyze ADCs and
other protein-drug conjugates are described.
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Figure 1. Sample analyis and data processing is initiated from the sample
list (MassLynx shown). The user enters parameters for chromatogram
peak detection, deconvolution, target masses, drug masses, and number
of protein chains. Data processing occurs automatically at the end of
each sample acquisition.
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Methods
Rapid LC gradients combined with automated ESI charge
deconvolution data processing and reporting software
enable highly efficient analysis of protein-drug conjugates.
Enhancements were made to the ProMass HR deconvolution
software to enable protein drug conjugate analysis and
automated drug-antibody ratio (DAR) calculation.
● LC/MS Instrumentation
● Waters Xevo G2-XS QToF with I-Class UPLC
● Thermo Scientific LTQ Orbitrap Velos Pro
● Software: ProMass HR for MassLynx or Xcalibur with
new features allowing automatic DAR calculation
● Chromatographic Conditions
● Column: Agilent 2.1x50 mm PLRP-s 4000 A, 80C
● Solvents: A: 0.05% TFA in Water, B: 0.05% TFA in ACN
● Gradients: 10%B - 70%B over 3 min for intact samples
and 10%B - 70%B over 10 min for reduced subunits
● Test samples included a lysine-conjugated ADC Mimic:
Alexafluor 488 (ThermoFisher) conjugated to MSQC4
mAb (Millipore-Sigma) and a cysteine-conjugated ADC
Mimic: MSQC8 mAb (Millipore-Sigma).
● Rapid PNGaseF (New England Biolabs) was used for
reduction/deglycosylation.
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Figure 5. Multiple partially-reduced
forms are observed.

Table 2. DAR Calculation Table Detail

Figure 3. Proteins may be reduced and/or deglycosylated to reduce
complexity of high DAR samples.
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The ProMass HR software produces an HTML report of chromatograms,
ESI/MS and deconvoluted mass spectra, and tabular summaries of the
results. The above data is from the lysine-conjugated ADC mimic shown
in Figure 2. The calculated DAR is shown in the ProMass HR HTML report
(Table 1), which is hyperlinked to display a more detailed calculation
table (Table 2).
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Figure 2. The inherent complexity of ESI/MS data of ADCs requires the use of
effective baseline removal in order to produce high quality deconvolutions
with minimal artifact peaks.
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Figure 4. Typical LCMS TIC traces (QToF) for reduced and intact samples.
Reduced samples utilize a 10 min LC gradient, while intact ADCs utilize a 3
min gradient. ProMass HR software integrates and deconvolutes the spectra
from the LCMS data, grouping the intensities of drug-modified species even
if the species elute in multiple unresolved chromatographic peaks.
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Table 3. Measured DAR for MSQC8 Cysteine-conjugated mAb using both
Orbitrap and QToF platforms. The DAR values are highly consistent
across instruments for reduced forms. The MSQ8 mAb analyzed without
reduction was found to have multiple partially-reduced forms. DAR
estimation is not as accurate in these cases. The expected DAR is 4.2
from the MSQC8 certificate of analysis. Therefore, the values observed
are in excellent agreement with the expected. For the AF488 lysine
conjugate mimic (batch 2 not shown), we observed an average DAR of
6.14 +/- 0.07 when analyzed as our QC sample over the course of a month
on the QToF.

Results
● Results are shown for the MSQC8 ADC cysteineconjugate standard from Sigma as well as an ADC mimic
prepared in-house using Sigma MSQC4 labeled with
Alexafluor-488, conjugated to lysine.
● Samples may be analyzed intact or after disulfide bond
reduction and/or deglycosylation.
● Entire LCMS data sets can be processed with automatic
identification of all drug-labeled forms and integration
of the signal intensities to enable DAR calculation.
● Both Thermo Xcalibur and Waters MassLynx versions
of ProMass HR have been implemented to allow for
automated ADC analysis and DAR calculation.
● The data processing is configured and initiated
from the Xcalibur or MassLynx sample list, enabling
convenient setup and analysis.
● DAR results calculated with the new ProMass HR
software are shown to be comparable with data
acquired on either Waters QToF or Thermo Orbitrap
platforms.

Conclusions
● Rapid, robust, and automated methods for were
developed for characterizing antibody- or protein-drug
conjugates using LCMS.
● Intact (non-reduced) samples of these kinds can be
characterized in as little as ~5 minutes.
● Output reports include tabular data of masses,
retention times and calculated DAR, as well as the
associated chromatograms and mass spectra. Results
are displayed in an interactive and easy-to-use webbased format that may be viewed by analysts and
clients alike with any web browser.
● One challenge is the complexity of of the raw ESI mass
spectra at high DAR, or when highly heterogeneous
proteins are analyzed. Another challenge is the
accurate estimation of DAR from partially reduced
forms, as is the case for the MSQC8 cysteine conjugate.
Reduction/deglycosylation steps can be used to address
these challenges at the expense of analysis time.

