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Extraordinary discoveries demand extraordinary proof %

Enhanced sensitivity and quantitative performance featuring a
novel quadrupole time of flight mass spectrometer

Ebru Selen', Rahul Baghla®, Jason Causon?, Eshani Galermao* Improved guantitative sensitivity was achieved on the ZenoTOF
1SCIEX, USA; 2SCIEX, Canada 8600 system with the Zeno trap and hardware improvements in
the OptiFlow Proion source and an advanced optical detector.
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This technical note demanstrates a sensitive method for the
guantitation of peptides in extracted rat plasma using the
ZenoTOF 8600 system. On average, a 33-fold improvement in
the lower limit of quantitation (LLOQ] was observed across 25
peptides using the ZenoTOF 8600 system compared to

the ZenoTOF 7600 system (Figure 1).

Key benefits for peptide quantitation using the

ZenoTOF 8600 system

e Improved LLOQ in matrix: Demonstration of a 33-fold
improvement in LLOQ on average across 25 peptides using
Sensitivity is a key factor in drug discovery and development for Zeno MRM"* compared to ZenoTOF 7600 system
accurately manitaring critical metabalites, impurities and drug
levels to meet safety and efficacy requirements. Recently, there
has been an increased application of high-resolution mass
spectrometry (HRMS] in quantitative warkflows in drug

¢ Enhanced selectivity with HRMS: Reach low-level guantitation
for challenging peptides when compared to traditional MRM
analysis on a triple quadrupole mass spectrometer

discovery and development. For drug discovery, HRMS systems o Meet critical quantitative performance criteria: Achieve

are employed for both gualitative and quantitative waorkflows, accurate quantitative performance with %CV <13% at all
while in development, HRMS systems have been applied for concentration levels across a linear dynamic range [LDR) of
increased selectivity, enabling better LLOQs. In this study, the up to 4.3 orders of magnitude

ZenoTOF 8600 system was utilized to quantify peptides in

matrix, achieving improved sensitivity, excellent quantitative ¢ Streamlined data management: SCIEX 0S software, a 21 CFR
performance and a wide dynamic range. Using the ZenoTOF Part 11-compliant platform, simplifies data acquisition and
8600 system, increased selectivity was observed without processing

sacrificing sensitivity, even with minimal sample preparation.
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Figure 1. Factor of improvement in LLOQ for peptide quantitation with ZenoTOF 8600 system compared to ZenoTOF 7600 system. On average, a 33-fold
improvement in LLOQ was observed across 25 peptides on the ZenoTOF 8600 system compared to the ZenoTOF 7600 system. Peptide analysis was performed using
Zeno MRM"®, The sum of 3 highly abundant fragment ions was applied for both platforms. LLOQ improvements were peptide and background-dependent where
some peptides had large gains in LLOQ while others displayed a 3-fold improvement in LLOQ at minimum.



. Table 1. LC gradient conditions for peptide analysis.
Introduction g pep y

HRMS systems are increasingly used to quantify challenging
analytes, such as peptides in biological matrices. Today’s HRMS
systems offer greater sensitivity and enhanced selectivity,
enabling the user to perform trace-level analysis efficiently. In
addition, HRMS systems allow for data collection over multiple
fragmentions, which can be leveraged for better sensitivity for
peptide analysis.

With HRMS systems being used more often to analyze targets
such as peptides in complicated matrices, maore sensitive
systems are needed to meet quantitative requirements;
especially for drug development. The previous generation
ZenoTOF 7600 system brought forward greater MS/MS sampling
efficiency, getting closer to the duty cycle levels of a triple
quadrupaole mass spectrometer. Here, a next-generation
ZenolOF 8600 system is presented with improved hardware
camponents such as OptiFlow Pro ion source and an advanced
optical detectar for enhanced and sensitive quantitative
analysis.

Methods lon spray voltage

Sample preparation: Protein precipitation was performed using
a 1.3 (v/v]) plasma/methanal ratio. Samples were vortexed and
centrifuged at room temperature. The supernatant was further
diluted at a 1:4 (v/v] supernatant/water (water containing 2%
acetaonitrile, 2% acetic acid and 0.1% formic acid). A mixture of
25 peptides was spiked into diluted rat plasma extract and
serially diluted to create a standard curve.

Chromatography: Sample separation was performed using
Phenomenex Kinetex XB C18 column on a Exion AD system with

a flow rate of 0.8 mL/min. For separation, a 5-minute method
with 0.1% formic acid in water as mohile phase Aand 0.1%
formic acid in acetonitrile as mobile phase B (Table 1] was used.
The column was kept at 40°C. An injection volume of 5 plL was
used for analysis. A mixture of L:1:1 (v/v/v],
acetonitrile/methanol/water was used as a needle wash solvent.

Mass spectrometry: Samples were analyzed using a ZenoTOF
8600 system operating in paositive ion mode. The data were
acquired using a Zeno MRM"R experiment. The optimized MS
parameters are listed in Table 2.

Time (min) Maobile phase A (%] Maobile phase B (%]
0.0 97 3
03 97 3
3.0 40 60
31 3 97
4.0 3 97
41 97 3
5.0 97 3
Table 2. Source, gas and ZenoTOF 8600 system conditions.
Parameter MS MS/MS
Scan mode TOF MS MRM"R
Polarity Positive
Gas1l 60 psi
Gas? 65 psi
Curtain gas 42 psi
Source temperature 500°C
2500V
CAD gas 9
Start mass 350 m/z 100 m/z
Stop mass 1500 m/z 1500 m/z
Q1 resolution NA Unit
Accumulation time 0.05s 001s
Zeno trap NA ON
Zeno threshold NA 20,000 cps
Time bins to sum 6 6

Data processing: Analysis was performed using SCIEX 0S
software, version 3.5.0. Peaks were integrated using the MQ4
algorithm, and a weighting of 1/x® was used to quantify all
peptides in the peptide mix. An XIC peak width of 0.02 Da was
applied for quantitation.


https://www.phenomenex.com/products/kinetex-hplc-column/kinetex-xb-c18#order
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Figure 2. Representative extracted ion chromatograms (XICs) of the matrix blank and LLOQ of 3 example peptides in rat plasma. Significantly lower LLOQs were
achieved using the ZenaTOF 8600 system compared to the ZenaTOF 7600 system. Peptides LGLDFDSFR, AVGANPEQLTR and AGLIVAEGVTK showed a 3-, 27- and 81-fold
improvement in LLOQ compared to results from the ZenoTOF 7600 system. A sum of 3 fragment ions was applied for quantitation for all peptides.

Representative peptide XIC examples were displayed to
highlight the improvement in LLOQ with the ZenoTOF 8600
system compared to the ZenaTOF 7600 system (Figure 2].
Peptides LGLDFDSFR, AVGANPEQLTR and AGLIVAEGVTK showed
a 3-, 27- and 81-fold improvement in LLOQ compared to the
ZenoTOF 7600 system. Sensitivity enhancement is attributed to
improvements in the source, ion guide and TOF optics that

Quantitative performance with ZenoTOF 8600

system

Typically, instrument performance is evaluated by comparing
signal-to-noise (S/N] of a chromatagraphic peak. For same of
the evaluated peptides, Zeno MRM"? indicated very low
background in which case, comparing S/N values was
challenging. Therefore, this study focused on comparing the
LLOQ as a metric to compare the MS systems.

enable low-level quantitation of peptides in the matrix.

The guantitative performance of the ZenoTOF 8600 system was
evaluated by analyzing 25 peptides in the extracted rat plasma
matrix. The 25 peptides were analyzed using a sum of 3
fragmentions. On average, a 33-fold improvement in LLOQ was
achieved using the ZenoTOF 8600 system compared to the
ZenaoTOF 7600 system (Figure 1J.



— @ Calibration for AVGANPEQLTR M52_Sum: y = 18003.93901 x + -1022.25536 (r = 0.99844, r* = 0.99689) (weighting: 1/ x"2)
@ Calibration for AGLIVAEGVTK MS2_Sum: y = 4,593 11ed x + -126.67844 (r = 0.99362, r* = 0.98728) (weighting: 1/x"2)

@ Calibration for LGLDFDSFR MS2_Sum: y
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Overall LDR up to 4.3 orders of magnitude
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Figure 3. Calibration curves for quantitating 3 representative peptides with weighing factor 1/x? using the ZenoTOF 8600 system. Peptides LGLDFDSFR,
AVGANPEQLTR and AGLIVAEGVTK showed an LDR of up to 4.3 orders of magnitude. A sum of 3 fragment ions was applied for quantitation for all peptides.
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Row | Component Name Actual Concentration Num. Values Mean Standard Deviation Percent CV Average Accuracy across Replicates
p 1 LGLDFDSFR MS2_Sum 0.114 3of3 0.117 0.015 13.0 103,
2 LGLDFDSFR MS2_Sum 0.343 3of3 0.322 0.047 14.5 94.0
HE LGLDFDSFR MS2_Sum 1.029 3of3 0.948 0.112 11.8 92.1
4 LGLDFDSFR MS2_Sum 3.086 3of3 2.964 0.061 2.04 96.1
s LGLDFDSFR MS2_Sum 9.259 Jof3 9.522 0.668 7.02 103,
s LGLDFDSFR MS2_Sum 27.778 3of3 30.562 0.747 2.44 110,
K LGLDFDSFR MS2_Sum 83.333 3of3 54.640 4515 5.33 102.
s LGLDFDSFR MS2_Sum 250.000 3of3 251.092 6.996 2.79 100.

Row Component Name Actual Concentration Num. Values Mean Standard Deviation Percent CV Average Accuracy across Replicates
p 1 AVGANPEQLTR M52.5.. 0114 2of3 0.117 0.003 2.21 103,
HE AVGANPEQLTR M52.5.. | 0.343 Jof3 0.331 0.009 2.85 946.5
HE AVGANPEQLTR MS2_S.. | 1.029 Jof3 0.989 0.018 1.82 96.1
4 AVGANPEQLTR MS2.S.. | 3.086 Jofld 2.038 0.069 2.35 95.2
s AVGANPEQLTR MS2 5. | 9.250 3of3 0.186 0.481 5.24 99.2
6 AVGANPEQLTR MS525.. | 27.778 Jof3 28,530 2018 7.08 103,
17 AVGANPEQLTR MS52_5.. | 83.333 3of3 54,993 3.170 3.73 102,
s AVGANPEQLTR MS2_S... | 250.000 3of3 266,384 2.056 0.772 107.

Row Component Name Actual Concentration Num. Values Mean Standard Deviation Percent CV Average Accuracy across Replicates
p 1 AGLIVAEGVTK MS2_Sum | 0.013 3of3 0.014 0.001 101 105.
HE AGLIVAEGVTK MS2_Sum | 0.038 3of3 0.033 0.003 9.31 91.2
HE AGLIVAEGVTK MS2_Sum | 0.114 3of3 0.100 0.011 10.8 87.6
4 AGLIVAEGVTK MS2_Sum | 0.343 3of3 0.208 0.039 12.6 89.0
s AGLIVAEGVTK MS2_Sum | 1.029 3of3 1.007 0.064 6.32 97.9
s AGLIVAEGVTK MS2_Sum | 3.086 Jof3 3.064 0.208 6.80 99.3
B AGLIVAEGVTK MS2_Sum | 9.259 3of3 9.633 0.503 5.22 104,
B AGLIVAEGVTK MS2_Sum | 27.778 3of3 30.999 2.176 7.02 112,
K AGLIVAEGVTK MS2_Sum | 83.333 3of3 87.790 3.900 4.44 105.
10 AGLIVAEGVTK MS2_Sum | 250.000 3of3 271.081 11.367 4,19 108.

I%ure 4. Quantitative performance of 3 representative peptides. Excellent accuracy and precision were achieved using the ZenoTOF 8600 system. For analysis of
peptides LGLDFDSFR, AVGANPEQLTR and AGLIVAEGVTK, a sum of 3 fragment ions was applied.
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Figure 5. Representative example comparisons between the ZenoTOF 8600 system and the SCIEX 7500+ system. An example peptide, GFTAYYIPR, indicated a
comparable S/N between HRMS and triple quadrupole analysis. However, for more challenging cases with high background and interfering matrix components, the
ZenoTOF 8600 system offers improved mass resolution and better selectivity. Analysis of peptide AVYFYAPQIPLYANK showed a 2-fold greater S/N, indicating greater
selectivity on a high-resolution MS platform. An example of interfering matrix components was observed when analyzing peptide DGTFAVDGPGVIAK. With the higher
mass resolution of the ZenaTOF 8600 system, interfering matrix components were resolved, enabling easier integration and quantitation.



Calibration curves from analysis of 3 example peptides were
displayed (Figure 3]. Overall, an LDR of up to 4.3 orders of
magnitude was achieved for peptide analysis, demonstrating
measurement across a wide range of concentration levels can
be easily achieved on the ZenoTOF 8600 system.

Analytical performance was evaluated based on the
requirement that the accuracy of the calculated mean should be
between 80% and 120% at the LLOQ and between 85% and
115% at higher concentrations. The %CV of the calculated mean
of the concentration should be below 20% at the LLOQ and
below 15% at all higher concentrations.”

Accuracy at the LLOQ was within 80%-120%, while for all other
non-zero calibrators, accuracy was within 85%-115% of the
nominal concentration. Overall, precision was <13%,
demanstrating high reproducibility on the ZenoTOF 8600
system for quantitative assays (Figure 4].

Selectivity enhancement for peptide quantitation

Quantitative workflows are often faced with selectivity
challenges, either high background or matrix interference. Since
low-level guantitation is often necessary for drug discovery and
development assays, high background and matrix interference
can lead to a need for additional method optimization.

With HRMS systems, selectivity can be enhanced with greater
mass resolution capabilities to differentiate the target analyte
from matrix compaonents. To evaluate selectivity on the ZenoTOF
8600 system, the same peptides were analyzed on SCIEX 7500+
system. Representative peptide examples show high
background and matrix interference can be mitigated using the
high-resaolution capabilities of ZenoTOF 8600 system (Figure S).
In Figure 5, peptide analysis on the ZenoTOF 8600 system was
performed using the sum of 3 fragment ions far quantitation,
while the corresponding analysis on the SCIEX 7500+ system
was performed using a single fragment ion.

Figure 5 shows the analysis of peptides GFTAYYIPR,
AVYFYAPQIPLYANK and DGTFAVDGPGVIAK on the ZenoTOF 8600
system and the SCIEX 7500+ system at a cancentration of 0.114
fmol, 0.114 fmol and 0.343 fmal, respectively.

The analysis of peptide GFTAYYIPR showed a comparable S/N on
both MS systems, as there were no observed challenges in high
background and matrix interfering components. However, the
analysis of peptide AVYFYAPQIPLYANK indicated a 2-fold

improvement in S/N on the ZenoTOF 8600 system compared to
analysis on the SCIEX 7500+ system, indicating hetter
selectivity aiding enhanced sensitivity.

Interference from challenging matrix components was observed
in the analysis of peptide DGTFAVDGPGVIAK on the triple
guadrupale system. Greater selectivity was achieved for the
DGTFAVDGPGVIAK peptide using the ZenoTOF 8600 system,
enabling better levels of sensitivity as a result. Results in Figure
S also highlight that even with the summation of multiple highly
abundant fragment ions, the selectivity is not compromised on
the ZenoTOF 8600 system, allowing optimal levels of sensitivity
for peptide analysis.

Compliance-ready SCIEX OS software

Equivalent SCIEX OS software capabhilities for regulated
bioanalysis can be executed on the ZenoTOF 8600 system,
ensuring high fidelity when performing methaod transfers while
retaining critical compliance features.

SCIEX OS software is a closed system and requires records and
signatures to be stored electronically, meeting the regulations
outlined by 21 CFR Part 11. SCIEX OS software can open raw
data files from any visible storage location within a closed
network by using designated processing warkstations. Figure 6
illustrates the features of SCIEX OS software used to manitor
the audit trail, acquire and process data, and configure user
access. The audit trail feature enables users to audit critical
user actions and locks in data integrity. The Central
Administratar Cansale [CAC] feature allows users to centralize
acquisition and processing using a single platform to maximize
efficiency for multi-instrument laboratories, independent of
compliance standards. The configuration module allows users
to assign roles and access as the administratar, method
developer, analyst and reviewer.



Easily search and filter for specific high-risk events in audit
trail viewer. Built-in data integrity features allow you to tailor
each functionality specifically to meet compliance needs and
Audit Trail data security requirements.

Users can manage groups, role definitions, workstations and projects across
all systems using the SCIEX OS software Central Administrator Console (CAC).
It supports all regulated and non-regulated compliance standards.
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Figure B. Features of SCIEX OS software for monitoring user access and evaluating the audit trail. The audit trail view allows users to filter for high-risk events easily
and enahles data integrity features to meet compliance requirements. The software features a Central Administrator Console (CAC) to manage users and groups, rale
definitions, workstations and projects acrass all systems. The CAC feature supparts both regulated and non-requlated compliance standards. The configuration
module enables users to quickly set up roles and levels of access for the administrator, methad develaper, analyst and reviewer levels.



Conclusions References

e A 33-fold improvement in LLOQ was reached for peptide
quantitation on the ZenoTOF 8600 system compared to the
ZenoTOF 7600 system. A sum of 3 fragment ions was applied
to analyze each peptide.

Enhanced sensitivity was achieved for peptide analysis in
matrix on the ZenoTOF 8600 system, given the improvements
in hardware companents such as the DJet ion guide, QJet ion
guide, Optiflow Pro source and TOF optics

Increased selectivity was observed for peptides with
challenging background and matrix ions on the ZenoTOF 8600
system when compared to traditional MRM analysis an the
SCIEX 7500+ system

Accurate guantitative performance was achieved with %CV
<13% at all concentration levels across an LOR of up to 4.3
arders of magnitude

Retain data management and compliance-readiness (21 CFR
Part 11] features using SCIEX 0S software to support
quantitative analysis on the ZenoTOF 8600 system

1
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ZenoTOF 8600 system. SCIEX brochure, MKT-34340-A.
Enabling new levels of quantification. SCIEX technical note,
RUB-MKT-02-11886-A.

Enhanced sensitivity for peptide quantification in a complex
matrix using high-resolution LC-MS/MS. SCIEX technical
note, RUO-MKT-02-13324-A.
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