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APPLICATION BENEFITS
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disulfide bond mapping using the Waters®
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UNIFI® This study demonstrates that UNIFI
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to support biopharmaceutical laboratories
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INTRODUCTION

Disulfide bond formation is critical for the structure, stability, and biological
functions of therapeutic proteins.' Disulfide bond linkage assignment,
localization, and monitoring are therefore of great importance to ensure
process consistency and product integrity during biotherapeutic drug
development. Regulatory agencies, including the EMA and FDA, have
specific requirements for mapping the disulfide bonds in biotherapeutics,
such as monoclonal antibodies (mAbs).??

In this application note, we describe a streamlined disulfide bond mapping
analysis workflow using the Waters Biopharmaceutical Platform Solution
with UNIFI. It combines UPLC? UV, and QTof MS characterization
technologies for automated data acquisition, processing, and reporting
under the compliance-ready architecture of the UNIFI Scientific Information
System. As shown in Figure 1, this workflow was used for the disulfide bond
mapping analysis of the Waters Intact mAb Mass Check Standard, and for
three batches each of infliximab innovator and biosimilar samples.*® This
approach provides biopharmaceutical laboratories with a compliance-ready
tool for fast mapping and monitoring of the disulfide linkages of mAbs.

Sample preparation
Monoclonal antibody (mAb) samples digested by trypsin without reduction

-I

Analysis method
Analysis method created that contains mAb sequence information,
LC-MS instrument system data acquisition and data processing parameters,
and reporting template

-

Analysis
Analysis attached with the analysis method executed for automatic data
acquisition, processing, and reporting

-

Review and report
Data displayed and reviewed with simple filtering and flexible custom fields

modification to meet specific reporting requirements

Figure 1. Disulfide bond mapping using the Waters Biopharmaceutical Platform Solution
with UNIFI. The workflow encompasses automated UPLC-MSE data acquisition, processing,
and reporting.
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EXPERIMENTAL

LC conditions
Column:

Column temp.:

Mobile phase A:
Mobile phase B:
Mobile phase C:

Mobile phase D:

Detection:

ACQUITY UPLC
BEH C, 1.7 pm,

21 mm x 100 mm
(P/N 186002352)

65 °C
water*
acetonitrile*

1% formic acid
in water*

not used
ACQUITY UPLC

MS conditions
Data acquisition

mode: Positive sensitivity
Capillary: 2.5kV

Sampling cone: 50V

Source offset: 40V

Source temp.: 100 °C
Desolvation temp.: 250°C

Cone gas flow: 0L/Hr
Desolvation gas

flow: 800 L/Hr

Tunable UV (TUV),

280 nm
LC gradient table:
Flow Composition

Time rate A B C D Curve
0.0 0.20 89.0 1.0 10.0 0.0 Initial
60.0 0.20 48.0 42.0 10.0 0.0 6
61.0 0.20 10.0 80.0 10.0 0.0 6
64.0 0.20 10.0 80.0 10.0 0.0 6
65.0 0.20 89.0 1.0 10.0 0.0 6
75.0 0.20 89.0 1.0 10.0 0.0 6

Total run time: 75 minutes

*LC-MS grade water, acetonitrile, and formic acid are highly recommended
for mobile phase preparations.

Data acquisition

mass range: m/z =100 to 2000 amu

Lockmass: Glu Fibrinopeptide B at 100 fmol/pL
in 50:50 water-acetonitrile,

0.1% formic acid

Data management

Biopharmaceutical Platform Solution with UNIFI

Sample preparation

Three batches of the infliximab innovator product
(REMICADE®) were purchased from Janssen (Horsham, PA).
The product was produced in a SP2/0 mouse cell line.
Three batches of infliximab biosimilar samples produced

by an alternative mammalian cell line (Chinese hamster
ovary, CHO) were obtained from an outside collaborator.

All of the samples were stored at -80 °C before analysis. The
concentration of all the batched samples was at 21 mg/mL.

For the Waters Intact mAb Mass Check Standard,

a 3 mg/mL stock solution was prepared by dissolving the
mAb in 1M Tris (Sigma Aldrich P/N T2444, pH 7.5). The
solution was then sonicated for five minutes before
following the non-reduced protein sample digestion
protocol as described next.
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Non-reduced sample digestion protocol
For the infliximab and biosimilar candidate
batches, 25 pL of the stock solution

(at 21 mg/mL) was mixed with 150 pL of

1M Tris and 325 pL of 8 M GdnHCI (Sigma
Aldrich P/N 50937) in order to prepare a

1 mg/mL mAb solution. For the Intact mAb
Mass Check Standard, 175 pL of the stock
solution was mixed with 325 pL of 8 M
GdnHCl in order to prepare a1 mg/mL mAb
solution. The samples were denatured for
one hour at 37 °C. After cooling down

to room temperature, 7 uyL of 0.5 M
iodoacetamide (Sigma Aldrich P/N 11149)
was added and the samples were incubated
in the dark for 30 minutes.

Next, the alkylated protein samples were
buffer exchanged into a pH 7.5 digestion
buffer (0.1 M Tris) using an illustra NAP-5
Column (GE Healthcare). The NAP-5 Column
was equilibrated per the manufacturer’'s
instructions (equilibration volume = 10 mL
of digestion buffer; the NAP-5 Column holds
3 mL of solution at a time). 0.5 mL of the
alkylated protein solution was transferred
into the NAP-5 Column after the equilibration
step, allowing the mAb solution to flow
completely through the column. The flow
was directed to a waste container. Only the
desalted mAb collected was eluted with

0.50 mL of the digestion buffer. Solubilized
trypsin (Promega P/N V5111, 20 pug) was
added to the buffer-exchanged mAb solution
(about 500 pg mAb, trypsin-to-protein

ratio ~1:25). The samples were digested at
37 °C for four hours. The trypsin reaction
was stopped by adding 0.5 mL of a quench
solution (474 pL water, 25 pL acetonitrile,

0.5 pL trifluoroacetic acid). The final
concentration of the mAb was estimated at
0.5 mg/mL. Triplicate LC-MS analyses were
performed for each mAb digest.

RESULTS AND DISCUSSION

The Waters Biopharmaceutical Platform Solution with UNIFI supports a
variety of analytical workflows designed for comprehensive biotherapeutic
protein analysis. These workflows include intact protein, subunit, and
peptide mapping analyses.>® Disulfide bond analysis is completed using
the peptide mapping workflow with disulfide bond searching parameters
selected (Figure 2). There are two search criteria for the disulfide peptide
mapping: constrained and relaxed. The “constrained” option in UNIFI
“limits the generation of disulfide-bonded peptides to digestion products,
missed cleavages, and semi-digestion products.” The “relaxed” option
“allows the consideration of all possible peptide products.”* Users can link
disulfide bonds in the protein sequence if there is prior knowledge. Without
linked cysteines in the protein sequence, both search criteria will look for
all scrambling situations. The possible disulfide peptide targets increase
dramatically when no data search restrictions are set - therefore increasing
process time. The fastest processing with the most confident confirmatory
assignments is achieved through use of “constrained” criteria with minimum
PTMs and linking known C-C bonds in the sequence.

ose | Processing | Reporting  History

Home » Analysis Specific Settings

E) Update (I ~

Home

Amino Acid Modifications

rotein Digest

— A\ Increasing the Maximum disulfides per peptide’ value dramatically increases the number of target components generated. This can result in long search times.

Processing Rules
Chromatographic Performance Setti.

Figure 2. Disulfide bond searching parameters defined in a peptide mapping analysis method
in UNIFI,

Search results are displayed in a review panel after data processing.
Figure 3 shows the processed results from the Intact mAb Mass Check
Standard non-reduced tryptic digestion mapping experiment. Only
disulfide-containing peptides are displayed after application of a data
filter. All seven unique disulfide bonds were found. There are many ways
to display the result - e.g. in a sequence coverage map, component table,
or component plot. The selected disulfide bond-containing peptide
(1:T21-2:T17-3:T17-4:T2) is highlighted in all modes of display.
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Figure 3. Only disulfide bond-containing peptides are displayed using a simple filter in the UNIFI review panel.

The disulfide bond-containing peptides are

confirmed from the high collision energy spectra.

Figure 4 shows the MS-MS spectrum of the
highlighted peptide (1:T21-2T17-3:T17-T4:T21)
from Figure 3.
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Figure 4. MS-MS spectrum of the disulfide bond-containing peptide of 1.T21-2T17-3:T17-T4:T21
from an MSE experiment. Because the mAb was not reduced, this particular peptide contains
both inter- and intra-peptide disulfide bonds connecting duplicated tryptic peptides from

heavy and light chains.
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Because the peptide mapping workflow in UNIFI has a binary comparison ability for chromatograms or spectrum displays, we
can now look at the innovator and biosimilar peptide maps in comparison mode. Figure 5 is a mirror image plot of the MS total ion
chromatogram (TIC) comparison between an infliximab innovator batch and a biosimilar candidate batch. Figure 6 shows a mirror
image plot of the confirmed disulfide-linked peptides comparing an infliximab innovator and biosimilar batch. After reviewing all
of the peptide mapping results and carefully examining the data using the binary comparison tool, no differences were observed
between any of the batches of infliximab and biosimilar candidates in terms of disulfide linkages.
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Figure 5. Mirror image plot of MS BPI chromatograms comparing an infliximab innovator and biosimilar sample. This plot
demonstrates that no major differences in peptide level between the samples were observed.
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Figure 6. Mirror image plot of
the confirmed disulfide-linked
peptides comparing an
infliximab innovator

and biosimilar sample.

No differences were found.
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Figure 7 shows the mirror plot of the MS-MS spectra for the disulfide bond-containing peptide 2:T15-2:T16, which eluted at
44.64 minutes. No change in the fragmentation pattern was observed for the same disulfide bond-containing peptide from
both infliximab innovator and biosimilar candidate.
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Figure 7. Mirror plot of the MS-MS spectra of the disulfide bond-containing peptide 2:T15-2:T16 from infliximab innovator and biosimilar
candidate mAbs.
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The summary trending plot is another important
and useful feature for data reviewing in UNIFI.
Figure 8 shows the response trending plot of the
disulfide bond-containing peptide 2:T15-2:T16.
It provides an overview response comparison of
the selected disulfide bond-containing peptides

across all of the samples with triplicate injections.

Elevated responses of peptides were observed in
the innovator batches compared to the biosimilar
batches. The plot also shows high reproducibility
from injection to injection.

Reporting is also a key feature of UNIFI.
Customizable templates for automated

report generation allow scientists to organize
information in a fit-for-purpose fashion and
communicate experimental results quickly and
effectively. Key results from a typical disulfide
bond mapping report are shown in Figure 9. In
this instance, the report contains experimental
information from the analysis, identified disulfide
bonds, locations and linkages on the sequence
map, examples of MS chromatograms, MS-MS
spectra, and the trending plot of one of the
identified disulfide bond-containing peptides.
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Figure 8. Trending plot of the disulfide bond-containing peptide 2:T15-2:T16. The total MS ion
count response for this particular disulfide-linked peptide is plotted across all three sets of
innovator and biosimilar samples, with triplicate injections.
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Figure 9. Example of a typical disulfide bond mapping report, which contains experimental
information, identified disulfide bonds, locations and linkages on the sequence map, examples
of MS chromatograms, MS-MS spectra, and the trending plot of one of the identified disulfide
bond-containing peptides.
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CONCLUSIONS

Biopharmaceutical organizations demand streamlined analytical platforms.
These platforms need to increase the throughput of the characterization

of biotherapeutics and to demonstrate batch-to-batch or innovator-to-
biosimilar comparability in order to meet regulatory guidelines. Disulfide
bond linkages are a key product quality attribute; however, mapping
disulfide bonds using LC-MS techniques requires highly skilled scientists
and is a time-consuming process. The peptide mapping workflow in UNIFI
is designed to lower the technical barrier for scientists. UNIFI addresses
industry challenges and provides fit-for-purpose toolsets that effectively
reduce analysis time. The described workflow streamlines the UPLC-MS/MS
data acquisition, processing, reviewing, and reporting process for efficient
disulfide bonds assignment, localization, and monitoring.

This application note demonstrated successful application of the described
workflow to identify all expected disulfide bonds from the Waters mass
check standards. Additionally, it demonstrated the comparability between
innovator and biosimilar infliximab samples. Combined with the UNIFI
compliance-ready architecture, this disulfide mapping workflow can

help biopharmaceutical organizations overcome analytical challenges,

and complete fast mapping and monitoring of disulfide bonds during the
development and manufacturing of their biotherapeutic products.
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