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Sequence confirmation, post-translational modification (PTM]
analysis and impurity assessment are essential components of
biotherapeutic characterization to ensure drug quality, safety
and efficacy. This technical note describes the benefits of MS
sensitivity improvement offered by the ZenoTOF 8600 system
for enhanced subunit and middle-down MS analysis of
biotherapeutics using electron-activated dissociation (EAD]
(Figure 1). Compared to the previous platform, the ZenoTOF
8600 system provided more sensitive (>3X] detection of low-
abundant proteoforms and higher sequence coverage (75%-
85% vs. 60%-68%] of subunits in a single injection with a low
sample load of 50 ng.

Subunit and middle-down MS workflows offer accurate mass
measurement, rapid sequence confirmation and PTM analysis
of biotherapeutics while involving simple sample preparation
and data analysis.® Further improvement in MS sensitivity can
enhance the ability of these workflows to detect and
characterize low-abundant proteoforms or impurities,
facilitating decision-making during biotherapeutic discovery
and development. The advancements in the ion source, optics
and detectors of the ZenoTOF 8600 system provided up to 10X

Sensitive detection of hiotherapeutic
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increase in MS sensitivity, benefiting biotherapeutic analyses
on the intact,” subunit and peptide® levels.

Key features of the enhanced subunit and middle
MS workflows for biotherapeutic characterization

High sensitivity: The improved hardware provides >3X gain in
MS sensitivity, enabling superior analysis of proteoforms or
impurities on the subunit level compared to the previous
platform

High sequence coverage: EAD-based middle-down MS
workflow with improved MS sensitivity led to high sequence
coverage (75%-85%] of subunits with a low sample load

Labile PTM analysis: EAD preserves labile PTMs such as
glycosylation for their accurate localization

Streamlined: Subunit and middle-down MS workflows are
streamlined from data acquisition to result interpretation,
and can be easily implemented by scientists from discovery
to quality control

High sequence coverage with low sample
load in a single injection using EAD
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Figure 1. Enhanced subunit and middle-down analyses of biotherapeutics using the ZenoTOF 8600 system. The ZenoTOF 8600 system (left panel] is
equipped with enhanced hardware compaonents that provide >3X MS sensitivity increase for superior biotherapeutic analysis compared to the ZenoTOF 7600
system.*® This improvement enabled sensitive detection of biotherapeutic subunits and their protecforms with a low sample load of 50 ng NISTmAb (middle
panel). In addition, the sensitivity gain led to a higher sequence coverage (75%-85%] of NISTmAb [NIST) and trastuzumab [TRAS] subunits using the EAD-
based middle-down MS compared to a coverage of 60%-68% obtained for these subunits using the previous platform (right panel).



Introduction

Sequence confirmation, impurity assessment, PTM analysis
and comprehensive characterization are essential to ensuring
the safety and efficacy of protein-based hiotherapeutics with
increasing complexity.t Accomplishing these tasks requires a
full suite of analytical workflows, including intact/native MS,
subunit/middle-down MS and peptide mapping, that offer high
sensitivity and various capabilities. The ZenoTOF 8600 system,
equipped with the Zeno EAD and enhanced hardware
components such as the OptiFlow Pro ion source, dual-
frequency QJet ion guide and optical-based detector, serves as
an ideal platform for comprehensive biotherapeutic
characterization on the intact, subunit and peptide levels.

Subunit and middle-down MS offers a balanced approach for
rapid biotherapeutic characterization with simple sample
preparation and high sequence coverage of subunits. The EAD-
based middle-down MS workflows have proven to be highly
effective for confident sequence confirmation and disulfide
bond mapping on the subunit level.3 In this work, the improved
MS sensitivity offered by the ZenoTOF 8600 system was
leveraged to enhance subunit and EAD-based middle-down MS
analysis with reduced sample consumption.

Methods

Sample preparation: The stock solution (10 pg/pL) of NISTmAb,
trastuzumab or infliximab was diluted to 1 pg/uL and incubated
with 50 U/uL FabRICATOR (IdeS, Genovis) at 37°C for 2 hours.
The subunits were denatured and fully reduced by incubating
the solution with guanidine hydrochloride and dithiothreitol
(DTT) at B0°C for 30 minutes. A 50 ng of the subunit sample
was injected for LC-MS analysis.

RPLC separation: The subunits were separated using an
ACQUITY UPLC Protein BEH C4 column (2.1 x 50 mm, 1.7 um,
300 A, Waters). The LC gradients used for the subunit
separation are shown in Table 1. A flow rate of 250 uL/min was
used for all LC runs. The column was kept at 60°C in the column
oven of an ExionLC AD system [SCIEX]. Mabile phase A was 0.1%
formic acid in water, and mobile phase B was 0.1% formic acid
in acetonitrile.

Mass spectrometry: MRMHR EAD experiments were performed
for the fully reduced Fc/2 GOF, LC and Fd subunits in SCIEX 0S

software using a ZenoTOF 7600 system or 8600 system
(SCIEX]. Three charge states per subunit were targeted for EAD
fragmentation. The key source and MRM"R EAD settings of the
ZenoTOF 8600 system are listed in Table 2.

Data analysis: MRM"® data were analyzed using a top/middle-
down protein sequencing workflow template in Biologics
Explorer software. The GOF glycan was specified for the N61
residue of the Fc/2 subunit, and the N-terminal GIn->pyro-Glu
modification was selected for the Fd subunit of NISTmAb.

Table 1. LC gradient for RPLC separation.

Time Mohile phase A Mobile Phase B
(Min] (%) (%)
Initial 80 20

2 80 20

9 55 (65%) 45 (35%)

10 10 90

12 10 90
12.5 80 80

15 80 80

*35%B was used for the separation of infliximab subunits.

Table 2. Source and Zeno EAD MRM"R parameters of the ZenoTOF 8600
system.

Parameter Value
Warkflow Intact proteins
Curtain gas 40
CAD gas 7
lon source gas 1 40 psi
lon source gas 2 40 psi
Temperature 4po°c
Spray voltage 3,500V
Start mass 100 Da
Stop mass 3,000 Da
Q1 resolution Low
Electron beam current 7,000 nA
Zeno pulsing On
Accumulation time 01ls
Electron KE leVv
Time bins to sum 8
Reaction time Sms
EAD RF 150




Subunit mass analysis

The hardware improvements of the ZenoTOF 8600 system
provide up to >3X gain in MS sensitivity for intact mass analysis
compared to the ZenoTOF 7600 system, enhancing the
detection of low-abundant species in biotherapeutics with
reduced sample load.*® In this work, the benefits of MS
sensitivity gain were evaluated for subunit mass analyses of
NISTmADb, trastuzumab and infliximab.

Figure 2 shows the representative subunit data of 50 ng
NISTmAb analyzed using the ZenoTOF 7600 system or ZenoTOF
8600 system. An expanded view of the charge state 28+ of the
Fc/2 subunit reveals the detection of low-abundant
proteoforms, such as GOF-GIcNAc and G2F+Hex, at a low
sample load of 50 ng NISTmAb using the ZenoTOF 8600 system

(Figure 2A). The extracted ion chromatograms [XICs] of GOF-
GIcNAc and G2F+Hex from the data acquired by the ZenoTOF
7600 system and ZenoTOF 8600 systems show >3X increase in
the signal-to-noise [S/N] ratios using the new system
compared to the previous platform [Figures 2B-2D]. This
significant gain in MS sensitivity offered by the ZenoTOF 8600
system enabled better detection of low-abundant proteoforms
or impurities in hiotherapeutics on the subunit level. It also
enhances EAD-based middle-down MS analysis with reduced

sample consumption.

Figures 3 and 4 show the total ion chromatograms [TICs] and
MS data of NISTmAb and infliximab subunits with a sample load
of 50 ng. The result of trastuzumab resembled that of NISTmAb
(data not shown). While a complete chromatographic
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Figure 2. Subunit mass analysis of NISTmAb using the ZenoTOF 7600 system or ZenoTOF 8600 system. The ZenoTOF 8600 system provided sensitive
detection of NISTmAb proteoforms on the subunit level with a low sample load of 50 ng. The expanded TOF MS view of the 28+ species of the Fc/2 subunit
shows the presence of various low-abundant glycoforms, such as GOF-GIcNAc and G2F+Hex (A). The ZenaTOF 8600 system produced a >3X increase in the

S/N ratios of these 2 species on their XICs compared to the values from the ZenoTOF 7600 system (B-D).



15000 4

10000 4

5000 A

Intensity, cps

Intensity (cps)

Fc/2

1600

1800

2000

E £B% Fd
Fd 25,688.9
3.0e4 7]
2 5e4
30+
20e4
1.5e4 o0z 20 2ot
20+ m/z (Da)
1.0ed
50e3 .
"
o_oeo" n l I | 1 l L L
1000 1500 2000

wr[S0MG i ® ro/e [
Fof2 BT
3e7 | |
267 BT e )
1e7 |
0ec™ -
40 45 50 55 6.0 65 7.0 1200 1400
Time [min) m/z (Da)
eor G1F D 24+ LG
GOF  |25338.0 30e4 | C 231275
25,236.0 (3.9)
2.5e4 ‘
2 20+
es* 2 20e4 2
z g
25200 25400 25600 é’ 1 5e4 050 00 23150 23300 ‘E
m/z (Da) ] 0 =
£ 1.0e4 130 iz (0l k=
20+
L ot I
e . Lo o
1000 1500 1000 1500 2000
m/z (Da) m/z (Da)

m/z (Da)

Figure 3. Subunit mass analysis of 50 ng NISTmAb. The ZenoTOF 8600 system provided sensitive detection of 3 NISTmAb subunits (Fc/2, LC and Fd) with a 50
ng of sample injection [A). The ion map of Biologics Explorer software offers an excellent 2-dimensional visualization of the TOF MS data (B). An accurate mass

measurement <10 ppm) was achieved for the major species detected in the TOF MS spectra of 3 subunits (C-D), as determined by rapid protein deconvaolution

using Biologics Explorer software (insets of C-E). The minor species are not labelled for spectral clarity.
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Figure 4. Subunit mass analysis of 50 ng infliximAb. The ZenaTOF 8600 system provided sensitive detection of 3 infliximab subunits (Fc/2, LC and Fd) with a

50 ng of sample injection [A). The ion map provides an excellent visualization of the 3 subunits, including 2 partially separated Fc/2 species with or without the

C-terminal Lys (K] residue [B). An accurate mass measurement (<10 ppm) was achieved for the major species detected in the TOF MS spectra of 3 subunits

(C-D]. The minor species are not labelled for spectral clarity.
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Figure 5. EAD spectra and sequence coverage of NISTmAb subunits. The ZenoTOF 8600 system provided high sequence coverage (>75%) of the Fc/2 (A), LC
(B) and Fd (C) subunits in a single injection of 50 ng NISTmADb, leading to confident confirmation of the GOF-modified N61 residue (the N residue highlighted in
yellow background in A] on the Fc/2 subunit and the N-terminal GIn->pyroGlu madification on the Fd subunit (the Q residue highlighted in yellow background in

C). *Precursor or charge reduced species.

separation was achieved between the Fc/2, LC and Fd subunits,  Figure 5 shows EAD spectra and sequence coverage of the

the Fc/2 subunits of infliximah with or without the C-terminal Fc/2, LC and Fd subunits obtained from a 50 ng injection of

Lys (K] residue were partially separated under the current NISTmAb using the ZenoTOF 8600 system. EAD led to a high
chromatographic condition [Figures 3A and 4A). The presence sequence coverage of >75% for the 3 NISTmAb subunitsin a

of 3 subunits and their proteoforms can be nicely visualized single injection, leading to the confirmation of the GOF glycan
using the ion map within the Biologics Explorer software position in the Fc/2 subunit (Figure 5A) and the N-terminal
(Figures 3B and 4B]. Despite a low sample load of 50 ng, the GIn—pyro-Glu modification in the Fd subunit (Figure 5C). A high
ZenoTOF 8600 system provided an excellent MS signal of 3 sequence coverage of 75%-85% was also obtained for

subunits, leading to accurate mass measurement (<10 ppm) of trastuzumab and infliximabh subunits in a single injection of 50
the major glycoforms [Figures 3C-3E and 4C-4E), including the ng samples [data not shown).

Lys variants of the infliximab Fc/2 subunit (Figure 4C).

Enhanced middle-down MS analysis with EAD

Previous technical notes have demaonstrated the effectiveness
of the EAD-based middle-down MS workflow for sequence
confirmation, PTM localization and disulfide bond mapping.*3
The increase in MS sensitivity with the ZenoTOF 8600 system,

Figure 6 shows the sequence coverage of the Fc/2, LC and Fd
subunits obtained for 50 ng NISTmAb and trastuzumab using
the EAD-based middle-down MS on the ZenoTOF 7600 system
or ZenoTOF 8600 system. The MS sensitivity improvement
provided by the ZenoTOF 8600 system, compared to the
previous platform, led to an increase in the sequence coverage
of the 3 subunits (75%-85% for the ZenoTOF 8600 system vs.
60-68% for the ZenoTOF 7600 system).

compared to the previous platform, enables improved middle- In summary, the improvements in the ion source, optics and
down analysis of biotherapeutic subunits with reduced sample detector of the ZenoTOF 8600 system led to superior subunit

consumption.

MS analyses of biotherapeutics and their proteoforms with
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Figure B. Sequence coverages of NISTmAb and trastuzumab subunits. The
ZenoTOF 8600 system provided a higher sequence coverage [75%-85%] of the
Fc/2, LC and Fd subunits from 50 ng NISTmAb or trastuzumah compared to
the % coverage (60%-68%) obtained using the previous platform.

reduced sample consumption compared to the previous
platform. This sensitivity improvement enabled an enhanced
middle-down MS analysis of biotherapeutic subunits using EAD,
providing high sequence coverage of the subunits in a single
injection with low sample loads. The enhanced subunit and
EAD-based middle-down MS warkflows are streamlined from
data acquisition using SCIEX OS software to result
interpretation using Biologics Explorer software. These
workflows can be leveraged to sensitively detect and
confidently characterize low-abundant proteoforms or
impurities on the subunit level, facilitating rapid quality and
impurity assessment of biotherapeutics for important decision-
making during the discovery and development of
biotherapeutics.

Conclusions

Subunit and middle-down MS provides a high sequence
coverage of hiotherapeutic subunits and accurate PTM
localization, while involving simpler sample preparation and
data analysis than traditional peptide mapping.

Enhanced MS sensitivity provided by the ZenoTOF 8600
system led to sensitive detection and confident mapping of
hiotherapeutic subunits with reduced sample consumption.

The ZenoTOF 8600 system provided ~75-85% sequence
coverage of biotherapeutic subunits in a single injection of 50

ng. samples, compared to ~60-68% obtained for the same
sample load using the ZenoTOF 7600 system.

The enhanced, streamlined subunit and EAD-based middle-
down MS workflows can be implemented for rapid
biotherapeutic characterization and impurity assessment by
different levels of LC-MS scientists.
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