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Abstract

This application describes a fully automated kit-based approach using ProteinWorks Auto-eXpress Digest and p
Elution SPE Clean-up Kits, performed on the Hamilton Microlab STAR liquid handler (STAR) for the accurate

quantification of the monoclonal antibody, cetuximab.

Benefits

- Automated and standardized approach for high throughput protein quantification; broadly applicable
optimized digest kit streamlines method development; high sensitivity cetuximab quantification (100 ng/mL)

from plasma.

Introduction
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In 2015, the global biologics market was valued at $276.6 billion (USD).! Monoclonal antibodies (mAbs) have
grown to make up over 30%? of that market, with no signs of slowing down. What is it that makes mAbs so
popular and successful? MAbs work by attaching to specific antigens found endogenously. This bond blocks
communication between cells or elicits an attack from the immune system. With longer circulating half lives,
greater target specificity, and higher efficacy, mAbs offer a great advantage over other conventional therapies.
This highly targeted approach to treatment is being used as a single agent or combination therapy for oncology,

immunological disorders, and infectious diseases.

With the vast increase in large molecule therapeutics, the demand for protein quantification in support of drug
research and development has also increased. Traditionally, ligand binding assays (LBAs) have been used to
quantify proteins in matrix. However, use of LC-MS/MS has steadily increased due to the many limitations of the
LBA approach (e.g., lack of standardization, lot-to-lot reproducibility, issues with specificity, and limited dynamic
range). While LC-MS protein quantification offers several advantages, it has presented great challenges for
traditional "small molecule” scientists, as these complex molecules require intricate analytical workflows for their
quantification. The surrogate peptide, or bottom-up, approach is the most common sample preparation
technique employed for LC-MS protein quantification. With many reagents and a multitude of sample processing
steps required for this approach, method development can be complex, often requiring highly skilled scientists
for their successful execution and transfer. Additionally, to reach the desired low-level detection limits, sample
enrichment techniques, such as peptide level solid-phase extraction (SPE) or protein level immunoaffinity, are

frequently required. This increases sample preparation complexity and can introduce variability to the method.

An automated and standardized approach to protein bioanalysis, including the necessary reagents and protocols,
would enable novice large molecule bioanalysts to successfully and reproducibly quantify proteins with ease,
increasing throughput, minimizing human error, and streamlining the process. This application describes a fully
automated kit-based approach using ProteinWorks Auto-eXpress Digest and pElution SPE Clean-up Kits,
performed on the Hamilton Microlab STAR liquid handler (STAR) for the accurate quantification of the
monoclonal antibody, cetuximab (Figure 1). Using this fast and simple sample preparation approach, lower limits

of quantification (LLOQ) of 100 ng/mL were easily achieved.
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Light Chain

IDILLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQQRTNGSPRLLIKIYASESISGIPSRFSGS

GSGTDFTLSINSVESEDIADYYCQQNNNWPTTFGAGTKLELKRTVAAPSVFIFPPSDEQLKS
GTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSFNRGEC

Heavy Chain

QVQLKQSGPGLVQPSQSLSITCTVSGFSLTNYGVHWVRQSPGKGLEWLGVIWSGGNTDYN
TPFTSRLSINKDNSKISQVFFKIMNSLQSNDTAIY YCARALTYYDYEFAY WGQGTLVTVSAAS
TKIGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTK VDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLF
PPKPKDTLMISRITPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRV

VSVLTVLHQDWLNGKEYKCKVSNK[ALPAPIEKTISK AKGQPREPQVYTLPPSRDELTKNQ

VSLTCLVKGFYPSDIAVEWESNGQPENNY K[TTPPVLDSDGSFFLY SKILTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

UNIQUE SIGNATURE PEPTIDES
DILLTQSPVILSVSPGER MW=1923.0677 pl=4.32 HPLC=70.40
YASESISGIPSR MW=1265.6252 pI=6.41 HPLC=9.80

Human TgG1 Sequence SQVFFK MW=754.4014 pl=9.35 HPLC=40.40

GENERIC SIGNATURE PEPTIDES
GPSVFPLAPSSK MW=1186.37 pI=9.35 HPLC=54.7

DTLMISR MW=834.99 pl=6.18 HPLC=29.0

ALPAPIEK MW=838.02 pl=6.41 HPLC=47.2
TTPPVLDSDGSFFLYSK MW=1874.08 pl=4.1 HPLC=83.2

Figure 1. Protein sequence of cetuximab, surrogate peptides used for quantification are boxed in purple and

green.

Experimental

Sample description

Rat plasma samples were spiked with cetuximab (0.1-250 pg/mL) and SILu MAB (16 pg/mL) prior to digestion.
SILUMAB, a humanized, stable isotopically labeled protein with '*Cg, °Ny4-labeled arginine and '3Cg, °N,-labeled
lysine was used as the internal standard (IS) to minimize pre-analytical variability. Since the label occurs where
the enzyme, trypsin, cleaves, subsequent labeled tryptic peptides can be used for IS corrections. Calibration

curve standards were prepared in duplicate, while QC and blank (non-spiked) plasma samples were prepared in
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triplicate. The prepared plasma samples (40 uL) were digested using the ProteinWorks Auto-eXpress High 5
Digest Kit reagents and low volume protocol, which includes the reduction and alkylation of the proteins. Post
digestion purification of the subsequent tryptic peptides was performed using the ProteinWorks pElution SPE
Clean-up Kit and protocol. Specifically, 100 uL of the digested sample was loaded onto the Oasis MCX pElution
plate, processed according to the described protocol, then peptides were eluted using 50 pL of elution solution
and diluted with 50 uL of water. Both digestion and SPE sample preparation were carried out on the STAR. The
ProteinWorks automation deck layout and protocol includes 2 Hamilton Heater Shakers for incubation and
vortexing, a plate sealer, a hold down module for piercing through seals, and a dark box for alkylation. The
automated SPE was performed using a CVS Vacuum System (115 V) on the STAR. Digested and purified samples
were then subjected to LC-MS/MS analysis.

Method conditions

LC system: ACQUITY UPLC System
Detection: Xevo TQ-S Mass Spectrometer, ESI+
Column: ACQUITY UPLC Peptide BEH Cyg,

300A,17 pm, 2.1 mm x 150 mm

Column temp.: 55°C
Sample temp.: 10 °C
Injection vol.: 10 yL
Mobile phases: A: 0.1% formic acid in water

B: 0.1% formic acid in acetonitrile

Gradient
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Time (min) Flow rate %A %B Curve

(mL/min)
Initial 0.300 98.0 2.0 6
1.00 0.300 98.0 2.0 6
8.00 0.300 55.0 45.0 6
8.50 0.300 5.0 95.0 6
9.20 0.300 5.0 95.0 6
9.40 0.300 98.0 2.0 6
11.00 0.300 98.0 2.0 6
MS conditions
Capillary: 2.9 kV
Source offset: 35V
Source temp.: 150 °C
Desolvation temp.: 600 °C
Cone gas flow: 150 L/hr
Desolvation gas flow: 1000 L/hr
Collision gas flow: 0.15 mL/min
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Nebulizer gas flow: 7 Bar

Data management: MassLynx (v4.1) MS Software

Quantification software: TargetLynx

Automation platform: Hamilton Microlab STAR
liquid handler

Results and Discussion

Cetuximab was approved by the United States Food and Drug Administration (FDA) in 2004. Since its initial
approval, it has been re-approved multiple times for different treatments of colorectal cancer and head and neck
cancer.® Used as single agent or combination therapy, patients have experienced a better quality of life and
better survival outcomes when treated with cetuximab.® With US patent expiry in 2016, biosimilar developers are
eager to release new products, putting the pressure on small labs and CROs (contract research organizations) to
develop methods for its accurate quantification. This has proved challenging for classically small molecule
scientists due to the complexity of the LC-MS/MS quantification workflow, with its multiple steps and reagents in
need of optimization. In this application, we have used the ProteinWorks Auto-eXpress Digest and pElution SPE

Clean-up Kits, fully automated on the Hamilton STAR, to accurately quantify cetuximab in plasma.

A typical set of standards and QCs, spiked with cetuximab and IS, was prepared in rat plasma. For IS peptide
selection, SILUMAB tryptic peptides with corresponding, or similar, retention times to cetuximab tryptic peptides
provide the best performance. Labeled generic signature peptides digested from SILUMAB should correspond to

generic signature peptides digested from cetuximab.

An example of this unlabeled (cetuximab, A)/labeled (SILUMAB, B) relationship can be seen in Figure 2. Multiple
unigue and generic human peptides (found in the conserved region of the mAb) were simultaneously monitored
for cetuximab quantification. Final MRM conditions for cetuximab and SILUMAB can be found in Table 1. Figure 3

highlights the chromatographic separation of cetuximab tryptic peptides using the ACQUITY Peptide BEH C18,
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300A, 1.7 pm, 2.1 x 150 mm Column. A standard LC gradient of 2% to 45% mobile phase B (MPB) over 7 minutes

with the Peptide BEH column provided ample separation of any interfering peaks.

Sheed  Eain Precursor MRIVI Cone Collision .PI'OdIL:ICt ipn
charge state transition (V) (eV) identification
SQVFFK [M+2H]? 378.2>540.3 35 i3 [1H+]1/y4
YASESISGIPSR [M+2H]2 633.8>616.3 45 18 [1H+]1/y6
'cg DILLTQSPVILSVSPGER [M+2H]? 962.5>342.2 35 41 [1H+]1/b3
X DTLMISR® [M+2H]* 418.2>506.3 35 13 [MTH+]1/y4
g ALPAPIEKS [M+2H]** 419.8>327.7 35 10 [2H+]2/y6
GPSVFPLAPSSK? [M+2H] 593.8>418.2 35 25 [TH+]1/y4
TTPPVLDSDGSFFLYSKO [M+2H]? 937.5>234 1 35 39 [1TH+]1/y2
YYAGSVK* [M+2H]?* 398.2>632.4 35 14 [1H+]1/y6
. DTLMISR* [M+2H]?* 423.2>516.3 35 14 [1H+]1/y4
% ALPAPIEK* [M+2H]2* 423.8>662.4 35 14 [1H+]1/y6
; LTVLGQPK* [M+2H]? 432.3>649.4 35 15 [1H+]1/y6
& GPSVFPLAPSSK* [M+2H]** 597.8>426.2 35 21 [1H+]1/y4
TTPPVLDSDGSFFLYSK* [M+2H]?* 941.5>242.2 35 34 [TH+]1/y2

Table 1. MRM conditions for cetuximab and SILuMAB (IS) surrogate peptides.
O Indicates generic signature peptides.

*Indicates stable isotopically labeled "*Cg, '°N,-labeled arginine or 1°Cq, °N,-labeled lysine.
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Figure 2. Representative chromatogram for the DTL signature peptide of cetuximab (20 ug/mL, Panel A) used for quantification compared

to labeled DTL peptide of SILUMAB (16 ug/mL, Panel B), digested and extracted from rat plasma.

* Indicates stable isotopically labeled °Cg, °N-labeled arginine.
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Figure 3. Representative chromatograms for cetuximab tryptic peptides, 100 ug/mL digested in rat plasma.
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Using the ProteinWorks Auto-eXpress Digest and pElution SPE Clean-up Kits and protocols (Figure 4, Panels A
and B, respectively) automated on the Hamilton STAR (Figure 5) with only 40 uL of plasma, sub ug/mL LLOQs
and high accuracies for cetuximab were achieved. Figure 6 compares the performance of blank rat plasma
against the LLOQ at 100 ng/mL for the cetuximab tryptic peptide, DILL. Calibration curves for each of the tryptic
peptides were linear, r°>0.99, with mean accuracies averaging 99%, well within regulatory guidlines.5 Standard
curves were linear over 3 orders of magnitude for the various cetuximab signature peptides. A summary of
standard curve performance is shown in Table 2. Additionally, QC performance was excellent with average CVs
<15% across all peptides. This performance is summarized in Table 3. QC chromatographic performance for the

SQVFFK cetuximab tryptic peptide is highlighted in Figure 7.
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ProteinWorks™ Auto-eXpress High and Low Digest Kit
Quick Start Guide - Low Volume Protocol

Reagent Preparation 5-Step Protocol

B Digestion Buffer: Reconstitute by adding 30 mL.
of water (MlIIIQ. 180 or equivalent). Vortex the vial

to the ial. Each bottle DENATURATION
contains enough reagent for 96 samples. Add plasma sample to each reaction well
and dilute to 80 yL using digestion buffer,
B RapiGest SF Surfactant: Reconstitute by Add 16 L of RapiGest SF Surfactant
el fee bl LGl B G solution to the samples. Seal and mix.
te Sh oLt Vortextng Denature for 10 min. at 80 °C
vial to completely dlssolve the material. Each : :
bottle g gent for 96 pl

B  Reduction Agent: 3 bottles are supplied.
Each bottle contains enough reagent for a maximum

of 32 samples. Add 1.5 mL of digestion buffer per “EDUC_NON‘
one bottle containing reduction agent, as needed Add 16 pL of reduction agent. Seal and
Vortex the vial to the mix. Reduce for 20 min. at 60 °C.

This reconstituted solution should be made the
day of intended use, just prior to its addition.
Note: Prepare and use in fume hood.
ALKYLATION*
Add 24 pL of alkylation agent.
Seal and mix. Alkylate, in the dark,
for 30 min. at room temperature.

B Alkylation Agent: 3 bottles are supplied.
Each bottle ins enough reagent for a
of 32 samples. Add 2.0 mL of digestion buffer per
one bottle containing alkylatlon agent as needed
Vortex the vial to P the |
This reconstituted solution should be made the
day of its intended use, just prior to its addition.

If necessary, it should be stored in the dark until use. DIGESTION*
B Trypsin Dissolving Agent: Ready to use. Add 2_4 |-'|-.°f trypsin solution. Seal and
Each bottle contains enough reagent for mix. Digest for 2 hours at 45 °C.

reconstitution of one bottle of trypsin (~6 mLs).

B Trypsin: Reconstitute by slowly adding 4.0 mLs
ofthe Trypsin Dissolving Agent. Mix the vial to

completely dissolve the material. Qu ENCH’

®  Digestion Inactivation Agent: Ready to use. Add 4 L of di {
Each bottle contains enough reagent for Seal, mix, and incubate for an additional
96 samples (~2 mLs). 15 min. at 45 °C. Centrifuge samples (~18G)

for 15 min. at 10 °C.
»> Refer to the Care & Use Manual for storage
conditions of prepared reagents. < p

ProteinWorks™ SPE Clean-up Kit Woaters
Quick Start Guide THE SCIENCE OF WHAT'S POSSIBLES

Solutions Needed Oasis® MCX pElution Protocol

Condition: Methanol
Condition: 200 L MeOH
Equilibration: Water

Pretreatment: 4% phosphoric acid in water, Equilibrate: 200 uL H,0

by volume”
Wash 1: 2% formic acid in water, N

by volume Load: Acidified Digestion Supernatant™
Wash 2: 5% methanol in water, by volume
Elution: 60/40% water/acetonitrile Wash 1: 200 pL 2% formic acid in H,0

containing 2% ammonium
hydroxide, by volume
Wash 2: 200 pL 5% MeOH

“For protein digested supemnatant resulting from use of the Waters
ProteinWorks eXpress Digest and Direct Digest Kit, pre-treatment with

an acidified aqueous solution is not necessary.
Elution: 2 x 25 L 2% NH,OH in 60/40 H,0/ACN
**See table on reverse side for recommended digest loading volumes.

For the detailed protocol, refer to ProteinWorks pElution SPE Dilute: 50 L H,0
Clean-up Kit Care and Use Manual (p/n 71500497 1EN).

Figure 4. ProteinWorks Auto-eXpress High 5 Digestion Low Volume (Panel A) and ProteinWorks uElution SPE
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Clean-up (Panel B) protocols.

il

25 30 3B 4an 45 50

1. Hamilton heater shaker (1) @ 80 °C, RT 11. Sample plate (Oasis 96-well plate)

2. Hamilton heater shaker (2) @ 60 °C, 45°C  12. Processing plate (350 uL PCR plate)

3. Alkylation location (dark box cover) 13. Down holder park

4. Dark box park 14. Piercing location

5. 50 L NTR tips 15. SPE waste collection park

6. 50 yL NTR tips 16. SPE wash solvents

7. 300 L NTR tps 17. Vacuum manifold park

8. Piercing tip location 18. Vacuum manifold

9. ProteinWorks reagent reservoir 19. Agilent PlateLoc plate sealer

10. Deep well plate location

Figure 5. Hamilton STAR deck layout for protein digestion andsubsequent peptide purification with
ProteinWorks Auto-eXpress Digest and uElution SPE Clean-up Kits.
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Figure 6. Chromatogram showing 100 ng/mL of cetuximab in rat plasma, compared to blank rat plasma.

Cetuximab is quantified using the unique peptide DILLTQSPVILSVSPGER.

Automated, Kit-Based Sample Preparation Strategy for LC-MS Quantification of Cetuximab in Rat Plasma

Time

13



Std. Curve Range . Mean %

Peptide (ug/mL) Weighting Accuracy
SQVFFK 0.10-250 0.9989 1/x 99 62
YASESISGIPSR 0.50-250 0.9957 1/x 98.90
DILLTQSPVILSVSPGER 0.10-250 09970 1/x 100.04
DTLMISR 0.10-250 0.9982 1/x 100.56
ALPAPIEK 0.10-250 0.9951 1 99.56
GPSVFPLAPSSK 0.10-250 0.9942 102 99.91
TTPPVLDSDGSFFLYSK 0.50-250 0.9953 1/x 99.90

Table 2. Linear dynamic range and standard curve statistics for cetuximab tryptic peptides used for
quantification. Plasma samples were digested using ProteinWorks Auto-eXpress High 5 Digest and uElution SPE
Clean-up Kits and protocols, performed on the Hamilton STAR.
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G0 toric Mean Mean %
Peptide (pg/mL)- Calc. QC conc. Mean %CVs accuracy Replicates
(Hg/mL) (n=3)
0.25 0.23 7.06 92.35 20f3
4.0 4.14 3.27 103.47 30f3
SQVFFK
40.0 4013 4.37 100.30 30f3
200.0 192.96 6.07 96.47 3of3
4.0 3.75 0.82 93.80 30of3
YASESISGIPSR 40.0 40.78 1.34 101.97 30of3
200.0 184.99 4.90 92.50 30f3
0.25 0.27 ZilT 105.43 30f3
4.0 4.01 10.58 100.35 20f3
DILLTQSPVILSVSPGER
40.0 40.08 2.40 100.23 30f3
200.0 186.77 415 93.37 30f3
0.25 0.22 0.64 88.40 20f3
4.0 4.15 2.96 103.67 3of3
DTLMISR
40.0 42.34 279 105.83 30of3
200.0 189.57 1.78 94.77 3of3
0.25 0.24 6.96 97.70 30f3
4.0 4.31 278 107.70 30f3
ALPAPIEK
40.0 39.43 1.27 98.57 30of3
200.0 180.35 2.80 90.20 30f3
0.25 0.25 5.90 100.67 30f3
4.0 4.32 4.74 107.93 30f3
GPSVFPLAPSSK
40.0 38.57 218 96.43 30f3
200.0 187.51 0.97 93.77 3of3
4.0 414 327 103.47 30f3
TTPPVLDSDGSFFLYSK 40.0 40.13 4.37 100.30 30of3
200.0 192.96 6.07 96.47 30of3

Table 3. Statistics for QC samples of cetuximab digested in rat plasma, extracted using

ProteinWorks Auto-eXpress High 5 Digest and uElution SPE Clean-up Kits and protocols, performed

on the Hamilton STAR.
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Figure 7. Cetuximab QC chromatograms for the SQVFFK unique signature peptide.
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Conclusion

The ProteinWorks Auto-eXpress Digest and yElution SPE Clean-up Kits, fully automated on the Hamilton STAR,
were successfully used to quantify cetuximab from rat plasma. This fully automated, kit-based, sample
preparation solution facilitates fast digestion and sample enrichment in 6 hours, ensuring sensitive, accurate, and

reproducible cetuximab quantification down to 100 ng/mL for any bioanalyst.
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