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INTRODUCTION

In the fast growing biopharmaceutical development space, mass
spectrometry has become an important analytical tool in the
characterization of biologics. During the development of novel
protein biologics, LC/MS characterization needs to be performed
to provide detailed structural information in order to address
increasingly challenging regulatory expectations. LC/MS can be
used to both localize and structurally characterize sites of both
biological and artifactual modifications (e.g. acetylation,
oxidation, deamidation, etc.). However, manual data analysis is
inefficient, and typically requires significant levels of experience
and expertise. Here, we describe LC/MS workflows using the
SCIEX TripleTOF® family of instruments and an advanced, easy
to use software solution, BioPharmaView™ Software, that allows
for highly efficient characterization of biologics. In this work, we
present a completed peptide mapping workflow for
characterization of biologics and routine QC analysis with a
focus on monoclonal antibodies (mAb).

MATERIALS AND METHODS

Samples: Intact mAb Mass Check Standard was purchased
from Waters Corporation, 34 Maple Street Milford, MA 01757.

Chromatography: A Shimadzu Prominence XR system with a
Thermo C18 Column, 2.1 x 150 mm, 3 ym at 35 °C was used for
separating mAb tryptic digest mixtures. The samples were eluted
in a linear gradient from 4-35% acetonitrile and 0.1% formic acid
in 45 min at a flow rate of 0.4 mL/min.

Mass Spectrometry: A SCIEX TripleTOF® 5600 system
equipped with a TurbolonSpray® ion source was used for data
acquisition.

Software: Analyst® TF 1.5 Software was used for instrument
control and data acquisition using Information Dependent
Acquisition (IDA). Pre-release BioPharmaView™ Software 1.0
was used for peptide mapping analysis and the QC workflow.

KEY BENEFITS

e BioPharmaView Software provides a complete peptide
mapping workflow for biologics

e The software, in combination with the fast scan speed
and high resolution of the TripleTOF® system, provides
a powerful and easy to use solution for

0 characterization of biologics

o routine QC analysis of biologics

RESULTS

BioPharmaView Software is structured around five key tasks: (1)
entering assay information, (2) characterizing standards, (3)
batch processing, (4) reviewing results, and (5) generating
reports (Figure 1).
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standard that has been enzymatically digested to evaluate
potential target peptides in the LC/MS profile. The software
automatically determines the accurate masses of the potential
target peptides and assesses their applicability to the protein of
interest. After the processing is complete, the user can sort the
result table and review the spectra of the peptides of interest.
The user can then choose to update the characterized
information of the matched peptides and the processing
parameters if desired. After characterizing the biological
standard and setting up the comparison criteria, the user can
: then set up sample and control batches for routine QC analysis.

Finally the user can generate a fully customizable report of the
QC analysis. Each step is discussed in more detail below.

Assay Information

Assay Information: Assay information is a central place to store
knowledge about the therapeutic protein which can be updated
as more about the protein is learned. It contains three tabs:
s '// Sequence Features, Intact Protein, and Peptide Mapping.
=== Sequence Features allows users to enter the protein sequence
Figure 1: The steps in BioPharmaView Software are shown for and any known modifications through a user friendly, searchable
characterizing a biologic standard, and then using that information modification library (Figure 2). The software can calculate the
for subsequent automated batch analysis of that biologic. molecular weight (M.W.) of the intact protein, or a partial
sequence of interest. The Intact Protein tab features a summary
of the intact protein M.W. The Peptide Mapping tab features
alkylation, enzymatic digestion, maximum cleavage, and the
generation of a digested peptide list.

The workflow begins with the user entering the information about
the protein which is then stored in the project. Once the assay
information is entered, the software will subsequently process a

Assay Information Sequence Features | Intact Protein | Peptide Mapping

Summary

Protein Name: | WAT Antibody

Description:

Protein Sequence

Monoisctepic MW: 74604.5003 Average MW: 74651.78

M-terminal: AN Indexes:
H v 1-90 DVLMTOTPLSLEVSLGDOASISCRSSOYIVHSNGNTYLEWYLOKPGOSPELLIYKVSNRESGVPDRFSGSGSGTDETLRISRVEAEDLGY

Ctomminal 91-180 YYCFQGSHVPLTFGRGTELEIKRADAAPTVSIFPPSSEQLTSGGASVVCELNNFY PKDINVEWKIDGSERONGVLNSWTDQDSKDSTYSM
“terminak 181-270 SSTLTLTRDEYERHNSYTCEATHKTSTSPIVKSFNRNECQVOLKESGRGLVAPSQSLSITCTVSGFSLLGYGVNWVRQPEGOCLEWIMGT
OH v 271-360 WGDGSTDYNSALKSRISITKDNSKSQVFLEMNSLOTDDTAKYYCTRAPYGROYFAYHGOGTLVTVSARKTTPPSVYPLAPGSARQTDSMY

361-450 TLGCLVEKGYFPEPVTVIWNSGSLSSGVHTFPAVLOSDLYTLSSSVIVPSSTWPSETVTCNVAHPASSTRVDKKIVPRDCGCKPCICTVERE
451-540 VSSVFIFPPEPKDVLTITLTPKVTCVVVDISKDDPEVQFSWEVDDVEVHTAHTQPREEQFNSTFRSVSELPIMHQDWLNGRKEFKCRVNSA
541-630 AFPAPIEKTISKTKGRPRAPQVYTIPPPKEQMARKDKVSLTCMITDFEPEDITVEWQWNGQPAENYENTQPIMDTDGSYFVY SKLNVORSN
631-660 WEAGNTFTCSVLHEGLHNHHTEKSLSHSEG

Shaded columns indicate groups of 10 amino acids
Modifications - (3)
Description Symbol Position  Modified AA  Can Modify Mass Shift
Hex(1)HexNAC(L)NeuAc(L) [MHH] - n/a STN 656.2276
Hex(1)HexNAc{1)NeuAc{2) [NHN] * n/a STN 9473230
Hex(1)HexNAc(1) [HHN] = n/a STN 365.1322

Add modifications

Figure 2: Information for the Biologic is entered into the Assay Information section of BioPharmaView Software.
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Characterize Standard: The user is able to characterize the tolerance. The processed results are summarized in a tabular
standard data by simply choosing a file and clicking Process. format that allows the user to easily navigate and visualize the
The simplified processing parameters and appropriate default various aspects of the data (Figure 3). The user has the option of
settings make it easier for the user to get started and focus on overlaying the XIC with the TIC to aid in the navigation of the

the results. The target peptides are compared with the in-silico chromatography.

digested peptides based on a user-defined mass to charge

. ) . : Using the tabular result, the

20130221 105 200 10Kppm 0Lt user is able to easily navigate
Processing Parameters among the spectra to confirm
mz Tolerance: £ | 50 pem the results. The MS/MS

TIC Graph ¥=] spectral information provides
+ @ TIC from 20130221_IDA10ug_10Kppm_01 wiff (sample 1) - 20130221_peps20130221_IDA 10ug_10Kppm_01. Experiment 1 +TOF MS (400 - 1600)

further sequence confirmation
of the peptide. Once the
P review is complete, the user
can update the characterized
peptide information to the
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QC analysis.

Figure 3: The TIC/XIC, peptide results, and MS and MS/MS data for the standard.

T e 31 e frargd 1| 201757 I8 g W31, Experemant: 1704 M 1400 - 1

Batch Process: In the

software, users can perform —= . Py E————T .
two types of batch processes: i i o - o

a sample-only batch and a - —

sample-control comparison
batch as a QC analysis.
Overlaid TIC graphs can be
used to pre-screen QC sample
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each peptide matched, sequence, charge state, PPM difference The TIC of both the sample and the control can be displayed as
and RT and intensity information. The corresponding graph a mirror plot to allow users to examine and compare data visually
information allows users to review the TIC, TOF MS spectrum, (Figure 5). If there are differences in the TIC region of interest,
and MS/MS spectrum along with the peptide information. the TOF MS and MS/MS spectra can be compared using mirror
plots as well. In
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Generate Report: After the batch process is complete, you can AB SCIEX

create and generate QC reports (Figure 6). The user-changeable Peptdelapping Bac Resis

QC report template includes batch summary information, };:ifm Img;*;mpleamanompim ; }

detailed peptide results, and graphical XIC, TOF MS, and Sunmary

MS/MS spectra for each of the matched peptides. i _ i
File Name # | Type #of Unique Peptides | % Sequence Coverage | PassiFail
20130221 DA 1/ Control |58 95 Pass
10ug_10Kppm_01.wif
2013021_IDA 7| Sample |58 %5 Pass
10ug_10Kppm_02wif

CONCLUSION

BioPharmaView Software provides complete characterization m:f’“ Ié?n?oﬁ” IDA 10ug 10Kppm 0.4t }

and analysis of biologics. The basic steps include assay
development, characterization of standards, batch processing,
result review, and report generation. When used in combination
with the fast scan speed, high mass accuracy, and high
resolution of the TripleTOF® system, the software provides a
powerful and easy to use solution for the characterization of
biologics and routine QC analysis.

20130221 peps\20130221 IDA 10ug_...periment 1, +TOF MS (400 - 1600)

26 Int. (8.4e6 cps)
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Figure 6: Example of one type of report view.
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