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Goals of Presentation Waters “
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Large Molecule Bioanalysis: Why Automation?

Hybrid LC-MS/MS using the Surrogate Peptide Approach: The Workflow

Automation Method Development: Protein Digestion & Affinity Purification
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Large Molecule Bioanalysis Waters

THE SCIENCE OF WHAT'S POSSIBLE.’

= Ligand binding assay (LBA) is the preferred method for large molecule bioanalysis (e.g. ELISA)
— Easy to use, high sensitivity, and high throughput
— Can have specificity issues with protein isoforms & biotransformations

= LC-MS/MS using the surrogate peptide approach is an alternative or complementary approach
— Direct, highly selective, mass measurement
— Good sensitivity and dynamic range

= Hybrid LC-MS/MS has emerged combining best of both worlds

— High selectivity and sensitivity
— Complex multi-step workflow

= More and more groups moving towards automation
— Reduce complexity of the workflow
— Focus on high value tasks
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Bioanalysts know what they want and need Waters .

THE SCIENCE OF WHAT'S POSSIBLE.’

= Large molecule bioanalysts rely on high quality, reproducible data to support pre-
clinical and clinical studies for drug discovery

I want to Easy
minimize
I need human deployability

reproducibility

error!
between assays

I want to increase
the productivity of

Ensured comparability my lab!

between manual and
automated preparations

Walk-away

I don’t want to )
timel

need an
automation
specialist.

I need reliable
sample preparation
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Automation - What's Stopping You* Waters
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)

What is stopping.

you from
D@

achieving your
goals?
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Protein Bioanalysis: .
Y Waters
m:\\\\OQmN.m hmbN\Qm \bbbﬁomO\Q THE SCIENCE OF WHAT'S POSSIBLE.”
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Woaters

THE SCIENCE OF WHAT'S POSSIBLE.’

Surrogate Peptide Approach:
The options are overwhelming!

O
(o)
Protein w »a». Protein @ [ffeesscssse Peptide
clean-up 8 Jigesti sz clean-up
@ (optional) ¢ wwu. digestion uuﬁﬁ (optional)
Non-Specific Capture Denaturation Solid Phase Extraction
Protein Precipitation Organic Solvent Reverse Phase
Protein A High Heat lon Exchange
Protein G Digestion Enzyme Weak/Strong Cation
Specific Capture T : Weak/Strong Anion
. Anti DE@U _W\MM: Phospholipid Removal
Antigen Capture AspN Macro m_c.:o:
Anti Human Reduction/Alkylation Evaporation
Device lodoacetamide Elution
Magnetic Beads TCEP Dilution
96-Well Plate Dithiothreitol
Tips

©2018 Waters Corporaton COMPANY CONFIDENTIAL



Optimizing a Complex, Automated Method: "
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= Experiment 1: Assessing manual preparation against the initial method

= Experiment 2: Assessing the pipetting steps

= Experiment 3: Assessing the sample handling (manually adding samples, automating each other step)
= Experiment 4: Heating assessment

= Experiment 5: Increased temperature control

= Experiment 6, 7, 8, 9: Sample sealing assessment

= Experiment 10: Specific heating assessment

= Experiment 11, 12: Room temperature incubation manipulation

= Experiment 13, 14: Assessing variability of piercing samples

= Experiment 15, 16: Format change

= Experiment 17, 18, 19 : New accessory assessment (plate format change)
= Experiment 20, 21, 22: Deck reconfiguration

= Experiment 23, 24, 25: Method Confirmation
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Surrogate Peptide Approach Waters
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Optimize / Protein

fine-tune clean-up

MS oo:a_:ﬂw — @ (optional)

O
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transitions : e

|

000000000 Peptide

Results c000g clean-up
2T % (optional)
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. LC-MS
processing
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Fully Automated Digestion Proof of Concept Waters "
Automated vs. Manual HE SCIENCE OF WHARE POSSIBLE"
= Manually and automated protein digestion performed using the Hamilton STAR

— C-Reactive Protein and infliximab

— 35 UL of plasma

— Tryptic digestion with reduction and alkylation

Comparable manual vs. automated digestion

Automated Digestion Compared to Manual Digestion
Automated raw area counts of each peptide are normalized to the raw area
counts of their respective manually prepared samples

120.00 ~
100.00 -
80.00 -

0,
% 60.00 - W Automated Area

Normalized

40.00 -
M Manual %RSD

20.00 -

Single digit

W Automated %RSD

%RSDs "
0 AFV ESD GYS | SINS LEES ASQ  DILL  YASE  SLSL DTL  ALPA GPSV VVSV  DSTY

CRP Infliximab
Surrogate Peptides (10 pg/mL in plasma)
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Protein Bioanalysis: Waters "
Surrogate Peptide Approach THE SCIENCE OF WHAT'S POSSIBLE?
Optimize / Protein
fine-tune clean-up
MS conditions =~ === @ (optional)
\ o
(o)
Identify unique W %4 Protein
peptides and m ww Mw« digestion
transitions ooooooo
eccewwewe . Peptide
Results clean-up
(optional)

processing

@
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Fully Automated Digestion and SPE Protein Quantification:

Cetuximab with SILUMAD Internal Standard FXQeUEICE-Aale)o RO a\tliler=1tle]s aters

OF WHAT'S POSSIBLE.’

. . . . Calc. Mean
= Cetuximab spiked into rat plasma at various Peptide wm%mm. Conc. | %CVs | Accuracy | Replicates
. (ng/mL) (%)

concentrations (0.1-250 pg/mL) — —
— — 40 4.4 327 103.47 30f3

- = = VFFK
Standard curve (N=2) and QC samples (N=3) SQ w00 4013 23 10030 3 or3
200.0|  192.96} 6.07 96.47 30f3
: 4.0 3.75 0.82 93.80| 3 0f3

=
D_ommﬁma from 40 t_| of _u_mm_.:m~ on the YASESISGIPSR 40.0  40.78 134 101.97 30f3
; : : 200.0|  184.99} 4.90 92.50) 30f3
Hamilton Microlab STAR without any need G o BT e ——
for manual intervention. DILLTQSPVILSVSPGER 40 403 1051 100.63 - 20f3
QSPVILSVSPG 40.0  40.12 240 1003 30f3
200.0|  186.89} 4.15 93.43 30f3
Mean 0.25 0.22 0.64 88.40} 2 of 3
Peptide oﬁm\wwm@ r’ Weighting | Accuracy DTLMISR 4.0 4.15 296  103.67 30f3
(%) 40.0, 4234 2.79]  105.83| 30f3
SQVFFK 0.10.250 0.9989 y 99.62 200.0| 189.57 1.78 94.77 30f3
. . X . 0.25 0.24] 0.64 88.40} 30f3
YASESISGIPSR 0.50-250 0.9957 1/x 98.90 400 431 2.16)  103.67 30f3
ALPAPIEK
DILLTQSPVILSVSPGER 0.10-250 0.9979 1/x 100.04 40.0 3943 0.00; 105.83 30f3
. . . 200.0| 180.35 1.78 94.7 30f3
DTLMISR 0.10-250 0.9982 1/x 100.56, 0.25 0.25 590,  100.6 30f3
ALPAPIEK 0.10-250 09951 1% 99.56 PSVFPLAPSSK o a3y 4r 10793 3 of 3
X GPSV S8 40.00  38.57 2.18 96.43 30f3
GPSVFPLAPSSK 0.10-250 0.9942 1/x2 99.91 200.0| 187.51 0.97 93.7 30f3
] n ] v 40 414 327 1034 30f3
Fully automated, standardized protein digestions for the quantification of 400 40.13 437 1003 3 of 3
surrogate peptides 200.0  192.96| 6.07 96.4 3of3| 12




Protein Bioanalysis: m
Surrogate Peptide Approach Waters
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Protein
clean-up

Optimize /
fine-tune
MS conditions

\ @ (optional)
O
Oliw w»u. Protein

m.ooomo.waomu digestion

Identify unique
peptides and
transitions

000000000 Peptide

Results c000g clean-up
2T % (optional)
a0

. LC-MS
processing
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Fully Automated Affinity Capture Proof of Concepit: "
>:83m~,mo.<m.§m::m\ Waters

THE SCIENCE OF WHAT'S POSSIBLE.”
= Manual vs. Automated (Hamilton STAR ) Affinity Capture Benchmarking
— Anti Human IgG capture using magnetic beads
— Etanercept, infliximab, and trastuzumab purified from 50 yL rat plasma
— Digested manually using ProteinWorks Auto-eXpress Low 5 Digest Kit and provided protocol

Automated Preparation Compared to Manual Preparation

Single digit %RSDs Automated raw area counts of each peptide are normalized to the raw area counts of their >oo.m_uﬁmd_.m
respective manually prepared samples \“ area intensity
120.00 comparison
_9E0
Acceptance 100.00 +/-25%
criteria for

o £0.00
reproducibility %

+ \l‘_ mo\o / 60.00
/ho.co
20.00

0.00

B Automated Area
Normalized

M Manual %RSD

M Automated %RSD

% N \Z Q Q o
X RS & & S S On average, less than +/-6%
F & ¥ ¢ ¢ & F 9

difference in area when

O
Q
&

Surrogate Peptides from Internal Standard Solution (10 pg/mL in TBS) com Um _\.QQ ._”O man Cm_ _<
prepared samples!
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Protein Bioanalysis:
Surrogate Peptide Approach

Optimize /
fine-tune
MS conditions

- =

Identify unique
peptides and
transitions

Results

Data
processing
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Protein
clean-up
(optional)
O
(o)
W %4 Protein
m ww Mw« digestion
A
000000000 Peptide
00008 clean-up
2T % (optional)

LC-MS
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Fully Automated Hybrid LC-MS/MS Protein Quantification:

Etanercept with Trastuzumab Internal Standard
= Affinity and digestion performed using Hamilton STAR

— Anti Human IgG capture from 50 pL rat plasma using magnetic beads
— Digestion using ProteinWorks Auto-eXpress Low Digest Kits
— Fully automated workflow

Linear Linear Fit Mean
Peptide Dynamic Range Weighting va Accuracy
(ng/mL) (%)
ICTCPGWYCALSK 1.0-10,000 Ux 0.9976 99.7
CSSDQVETQACTR 5.0-10,000 0.9991 101.6
Bolded cysteine residue denotes the addition for 57 amu due to CAM modification from alkylation.
QC Cone Mean Calculated Mean
Peptide (ng/mL) ) Conc. Accuracy %RSD
s (ng/mL) (%)
3.00 3.03 102.03 10.07)
ICTCPGWYCALSK 30.00 28.90 96.33 4.20
300.00 300.43 100.13 2.13)
3000.00 2944.30 98.13 3.16
30.00 31.93 106.47 6.641
CSSDQVETQACTR 300.00 321.77 107.23 1.75
3000.00 3043.534 101.43 _&

Bolded cysteine residue denotes the addition for 57 amu due to CAM modification from alkylation.

Woaters

THE SCIENCE OF WHAT'S POSSIBLE.’

ICTCPGWYCALSK

590449329

3,000 ng/mL

240 460 480 500 520 540 560 580 600 620 640 660 68 700 720 7.

590
46911

300 ng/mL

L

"760

590

30 ng/mL %

"440 460 480 500 520 540 560 580 600 620 640 660 680 700 7.20 740 760

3 ng/mL s

y VN A U

440 460 480 500 520 540 560 580 600 620 640 660 680 700 7.0 740 760

Blank

"440 460 480 500 520 540 560 580 600 620 640 660 680 700 7.20 740 7.60
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Fully Automated Hybrid LC-MS/MS Protein Quantification: Waters .

Etanercept with Trastuzumab Internal Standard HE SCIENCE Or WHATS POSSIBLE®

Robustness of automated sample preparation and LC-MS analysis workflow

Internal Standard Performance

150.00
> .
Q | 2
®© n
= 2 ry ¢ H
9 100.00 * o m * om® llollmll mgm mge W
i s b oy mmf g0 se® T EFW, #FTIS %RSD=8.25%
L *® l mIYP %RSD=7.54%

50.00
0 5 10 15 20 25 30 35 40

Injection Number

% RSDs < 10% across the analytical run
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Automated Protein Digestion:
Domm \N. mQQ —\m\:mg THE mnHmz<nW\Omz.__._-m.M\WmmHm_um.@
= Large molecule bioanalysts rely on high quality, reproducible data to support pre-
clinical and clinical studies for drug discovery

I want to
minimize

human
error!

Easy
deployability

I need
reproducibility
between assays

I want to increase
the productivity of

Ensured comparability my lab!

between manual and
automated preparations

I don’t want to
need an

automation

specialist.

Walk-away
time!

I need reliable
sample preparation
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Does it add value?

THE SCIENCE OF WHAT'S POSSIBLE.®

Deployment of Automated Protein Digestion:
Lot

Advantage Critena for implementation Further optimization and next steps
® Increase throughput by optimizing efficiency. = No difference in exposure data using different = Adapt the existing method to be applicable for CSF
* Creating flexibility and freeing up time for the peptides located different places in the antibody. and brain matrices.
bioanalyst to do other tasks while the robot doing the
SRS PN PRSI SEU N g Siiac i ek * Robust and reproducible exposure results, « Fine tune the method on Hamilton Robot.
* Minimize the risk of human errors. independent of day and manual vs automated
* Maximize flexibility by using existing equipment for preparation.

additional applications.

Calibration lines reproducible Exposure data reproducible Conclusions
s 3
Calibration lines comparison Sample preparation Hamilton vs manual * The desire to increase the capacity to keep up with the
. growing demand for large molecule bioanalysis, has
. resulted in a successful implementation of an
automated workflow using liquid handling systems.

* Automated sample preparation of plasma for large
molecules analysis has been implemented with minimal
cost and adjustments on already existing equipment.

- . y * This automated platform now supports all antibody
0 500 1000 1500 NS e e P projects. Pl
Conc pg/mL Animal number
* Two different days of sample preparation on = The Hamilton liquid handling system preforms . _ng 04 automated w&aﬂt preparation ,—..Nm
Hamilton gives results within 10% variation, equally to manual liquid handling. resulted in liberation of approximately 0.5 FTE while
showing a robust and high quality sample » Exposure data below 15% variation when prepared maintaining high quallty data generation.
preparation method. manually and the Hamilton Robot
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