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In 2015, Rogers et al.1 developed the MAM, taking advantage of the HRAM capabilities of Orbitrap™based MS detection for simultaneous identification, quantitation, and monitoring of PQAs of two
antibodies, MAb1 (IgG1) and anti-streptavidin IgG2. It was also demonstrated that MAM is well suited
for NPD enabling new features (“impurities”) to be identified when comparing to a reference 2. It was
proposed that MAM could replace several conventional methods used in quality control (QC) for lot
release of drugs. Since MAM was introduced, it has gained popularity and acceptance in the
biopharma industry, featuring as a hot topic in many recent conferences.

Intensity (counts)

Time (min)

Figure 3. Illustration of the HR MAM workflow

MATERIALS AND METHODS

Sample Preparation for NISTmAb Analysis
Trypsin digestion on NISTmAb (NIST, Gaithersburg, MD) was performed following the published
protocol 3. Briefly, NISTmAb standard was denatured, reduced, and alkylated. Subsequently, the
sample was buffer exchanged and digested using Thermo Scientific™ Pierce™ trypsin in a 1:10 ratio.
For each LC-MS analysis, 4 µL of the sample (~3 µg NISTmAb peptides) was loaded on-column. The
thermally stressed sample was prepared by incubating NISTmAb in a ThermoMixer (Eppendorf) at
60C for 120 hours, while oxidative stress was induced using 0.03% hydrogen peroxide at room
temperature for 24 hours. To demonstrate the capability of MAM for NPD, Thermo Scientific™
Pierce™ Peptide Retention Time Calibration Mixture (PRTC) was spiked into the digested NISTmAb
to yield 20 pmol NISTmAb to 0.5 pmol PRTC for each 4 μL sample injection.
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Unlike conventional targeted quantitation software, the extraction parameters for each peptide including RT and
integration window can be set a priori in Chromeleon CDS. Shown above is an example of four partially overlapping
peaks integrated using the Time Distance and Component Match features.

In the discovery phase, HRAM
MS/MS data are acquired and
peptide mapping is performed in
BioPharma Finder Software, where
CQAs can be identified, quantified
and monitored.

Thermo Scientific HR MAM workflow provides the robustness, flexibility, reproducibility, specificity,
and sensitivity to not only identify PQAs and quantify multiple CQAs simultaneously, but also detect
new features associated with changes induced by sample preparation, storage, and processing. The
HRAM capability of the Q Exactive Plus mass spectrometer enables the resolution of species that
would otherwise be overlapped, leading to accurate CQA quantitation and reliable NPD. Combined
with the robust separation of the Vanquish Horizon UHPLC system and Accucore Vanquish C18+
column, this workflow produces reproducible results that can be confidently submitted for review by
regulatory agencies.
BioPharma Finder software offers rapid peptide mapping, easy CQA selection, and accurate
quantitation in a non-compliant environment. The seamless transition from BioPharma Finder
software to Chromeleon software through a workbook, enables CQA quantitation and monitoring, as
well as NPD, to be performed within a compliant GMP environment. This combination of software
utilization provides flexibility in the different phases of drug development and release. It should be
emphasized that Chromeleon software affords a comprehensive and fully realized GMP-compliant
environment; from instrument configuration, calibration, and tuning through data acquisition,
processing and reporting is fully audited with restricted user roles and signatory requirements.
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Figure 4. Components of HR MAM
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• HRAM data acquisition
• Robust and reproducible separation
• Compliance-ready software
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TRADEMARKS/LICENSING

Figure 5. Monitoring digestion efficiency and ratio of modifications in BioPharma Finder
Software

PeptideMapQuality is the ratio of perfectly
digested peptides to all peptides. It represents a
measure of the quality of the digestion. A value
of 1 indicates that the peptides in the sample
are neither under-digested nor over-digested.
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HYNPSLK (component A) and HYN[Deamidation]PSLK (component B) cannot be chromatographically separated,
nor can they be resolved in the mass spectra at resolution settings lower than 140,000 (at m/z 200). Therefore,
component B would not be identified as a ‘new peak’ in the thermally stressed sample at resolution settings
<140,000 (at m/z 200) due to peak overlapping. By comparison, the same two components can be nearly baseline
resolved at resolution setting of 140,000 (at m/z 200), resulting in correct peak integration and quantitation.
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The Thermo Scientific™ Q Exactive™ Plus Hybrid Quadrupole-Orbitrap™ mass spectrometer was
operated in standard pressure mode. Data were acquired using Chromeleon CDS software (Version
7.2.10). The data for peptide mapping were acquired with a Top5 data-dependent MS2 (ddMS2)
method and processed in BioPharma Finder Software Version 3.1. Full scan data for CQA
quantitation and NPD were acquired using a Full Scan MS only method and processed in
Chromeleon CDS. A resolution setting of 140,000 (at m/z 200) was used to resolve overlapping
peaks and to provide more accurate quantitation for deamidated peptides.
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By correctly setting the peak intensity threshold and ratio, all 15 PRTC peptides can be identified without false positives in
the spiked sample (data not shown). Shown here are two examples of “new peaks” detected in two stressed samples (red
traces), where D315 isomerization (left) and M255 oxidation (middle) increased by >20-fold compared to the control sample
(blue traces). In Chromeleon CDS version 7.2.10, peak intensity threshold can be set as a fixed value, or as the percentage
of TIC or BPC intensity (right).
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For routine analysis, CQAs are added to
a target peptide workbook in BioPharma
Finder Software and then imported into
compliance-ready Chromeleon CDS for
quantitation and monitoring. NPD and
reporting will also be performed with
Chromeleon CDS.

LC and MS Methods for NISTmAb Analysis
Peptide separations were performed using a Thermo Scientific™ Accucore™ Vanquish™ C18+
UHPLC column (1.5 μm, 2.1×150 mm) using a Thermo Scientific™ Vanquish™ Horizon UHPLC
system. The LC gradient used in this study is shown in Figure 1.

Figure 1. LC gradient for separation of NISTmAb peptides. The run consists of a 64 min linear gradient (6 min–
70 min) and two washing steps. The total run time is 115 min.

Figure 10. New peak detection in spiked and stressed NISTmAb samples
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System Suitability Test
To verify the performance of LC and MS for HR MAM, a system suitability test (SST) was developed
using Thermo Scientific™ Pierce™ BSA Protein Digest. The SST consists of 1 MS/MS run and 10
technical replicates of full scan MS runs. For each SST, 5 pmol of BSA digest was injected per run
using a 35 min LC gradient (60 min total run time). The LC-MS methods, view template, processing
method, and report template, as well as Chromeleon eWorkflow have been pre-built for easy
execution of the SST and quick review of the Pass/Fail result.
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Figure 2. Summary tables of SST in the prebuilt Chromeleon report showing the Pass/Fail
results of peak area, retention time, peak width, and mass accuracy for nine BSA peptides (top)
as well as the results of deamidation and in-source fragmentation measurements (bottom)
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In accordance with Quality by Design (QbD) principles outlined by regulatory agencies, it is essential
for the biopharmaceutical industry to identify, quantify, and monitor potential CQAs and impurities of
protein therapeutics during process development and lot release.

10 technical replicates

Nine BSA peptides covering the whole retention time (RT) range were selected for a general
performance check, based on the data from BSA digests from seven different lots. The passing
criteria for these nine peptides include %CV for peak area, RT, and peak width as well as absolute
peak width and mass accuracy. The minimum peak areas of two BSA peptides were used to assess
sensitivity. In addition, the %CV for the abundance of deamidation was calculated to check
consistency in peak integration and quantitation. The degree of in-source fragmentation was also
evaluated by measuring the ratio of integrated peak area of a gas phase fragment to its precursor.
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Figure 8. Consistent and reproducible quantitation of selected NISTmAb CQAs
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Here we present Thermo Scientific™ HR Multi-Attribute Method (MAM) Workflow for
biopharmaceutical product quality attribute (PQA) characterization, critical quality attribute (CQA)
monitoring, and new peak detection (NPD). We introduce a system suitability test (SST) we
developed to verify the LC and MS performance for peptide mapping. We demonstrate the
importance of high resolution accurate mass (HRAM) in CQA quantitation and NPD and highlight
unique features of Thermo Scientific™ BioPharma Finder™ Software and Thermo Scientific
Chromeleon™ Chromatography Data System (CDS) for HR MAM. We describe the application of HR
MAM to monitor selected CQAs of the NISTmAb reference standard under normal and stressed
conditions. Finally, we showcase the capability of HR MAM for NPD in spiked and stressed samples.

Figure 6. Use of Time Distance and Component Match for more robust and consistent peak
integration in Chromeleon CDS
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ABSTRACT

The stressed conditions employed
in this work had a negligible effect
on the glycosylation profile (a),
lysine glycation (data not shown),
and lysine clipping (~85% clipped,
not shown), indicating that these
modifications are neither
temperature nor oxidant sensitive.
As expected, the most significant
CQA variations for NISTmAb were
deamidation and isomerization
under thermal stress (b) and
methionine oxidation with oxidative
stress (c).

© 2019 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo
Fisher Scientific and its subsidiaries unless otherwise specified. Eppendorf and ThermoMixer are
trademarks of Eppendorf AG. Bio-Spin is a trademark of Bio-Rad Laboratories, Inc. This information
is presented as an example of the capabilities of Thermo Fisher Scientific products. It is not intended
to encourage use of these products in any manners that might infringe the intellectual property rights
of others. Specifications, terms and pricing are subject to change. Not all products are available in all
countries. Please consult your local sales representatives for details.

PO65490-EN0419S

