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Introduction & Objective

Objective:

• Improve process efficiency by investigating:

• Automation effects on IP speed

• Effect of magnetic bead size on capture 
efficiency

• Differences between isotype and non-
isotype specific capture antibody

• Digestion differences between heat 
stable and conventional trypsin
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1) Incubate sample 
containing antibody of 
interest with capture 
antibody bound 
magnetic beads

2) Wash sample to 
remove 
uncaptured 
endogenous 
components

3) Elute antibody 
of interest from 
bead complex 
and remove 
beads
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Immunoprecipitation (IP)

Protein Complex Enzymatic 
Digestion

Peptide Mixture LC-MS/MS 
Analysis

Switzar L, et al. J Proteome Res. 2013; 12:1067-1077. https://doi.org/10.1021/pr301201x.

Bottom-up Protein Workflow

https://doi.org/10.1021/pr301201x


BMS1 Genentech PPD2 Pfizer,
Novartis3

Covance
Novartis4

Serum Vol (µL) 20 10 30 20

Peptide
(type, # transition 
monitored)

ITYG
(Patented quant, 1)

VVSV
(confirm 1)

TTPP
(quant, 1)

VVSV
(confirm, 1)

TPEV
(confirm, 1)

VVSV
(quant, 3)

VVSV
(quant, 1)

Sample Prep Pellet Digest Immunoprecipitation (IP) Immunoprecipitation (IP) Pellet Digest

Internal Standard SIL-Peptide: spike post digest SiluMAB: spike before IP SIL-Peptide: spike before digest SiluMAB: spike before 
precipitation

Curve Range
(µg/mL) 0.500 – 500 0.100 – 25.0 0.052 to 2.0 5.00 – 500

Inject Vol (µL) Not Published 25 50 1-2

Reduction 100 mM Dithiothreitol (DTT)
60◦C for 60 min

RapiGest and 100 mM 
Dithiothreitol (DTT)

60◦C for 60 min

37.5 mM tris(2-
carboxyethyl)phosphine (TCEP)

56 °C for 30 min
Not Performed

Alkylation 100 mM Iodoacetic Acid (IAA)
30◦C for 30 min 

100 mM Iodoacetic Acid (IAA)
25◦C for 30 min 

75 mM Iodoacetamide (IAM)
RT for 30 min Not Performed

Trypsin Digest 500 µg Trypsin
60◦C for 30 min 

2.5 μg Trypsin
37°C for 120 min

1 ng Trypsin
37°C Overnight

Thermo SMART Trypsin 
for 120 min

Industry LC-MS/MS Method Synopsis



Monitored Peptide Positions in Generic IgG4 mAB Structure5,6

[CH1]ASTKGPSVFPLAPCSRSTSESTAAL
GCLVKDYFPEPVTVSWNSGALTSGHTFPAV
LQSSGLYSLSSVVTVPSSSLGTKTYTCNVD
HKPSNTKVDKRV

[Hinge]ESKYGPPCPSCP

[CH2]APEFLGGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSQEDPEVQFNWYVDGVEVH
NAKTKPREEQFNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKGLPSSIEKTISKAK

[CH3]GQPREPQVYTLPPSQEEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSRLTVDKSRWQEGNVFSC
SVMHEALHNHYTQKSLSLSLGK
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Sample Preparation Schematic

15 µg 
Capture

20 µL 
Serum

20 µL IS
(SiluMAB)

Binding Immunoprecipitation                 Digestion

Mix 60 min at ambient 
conditions

Wash (2x): 1x TBS
Elute: 20/80/0.1 ACN/H2O/TFA
Neutralize: 1M Tris-HCl (pH 8)

100 µL 
Eluate

20 mM
DTT

300 mM 
IAM

1 µg Rapid 
Trypsin

Mix 120 min at 60◦C



IP Automation Platform

KingFisher Automation8

Hamilton Automation7

• Comprehensive liquid handling 
platform

• Flexible programming to undertake any 
process

• Customizable deck layout to utilize a 
wide range of accessories

• High accuracy and precision 
displacement pipetting

Hamilton Pros
• Requires significant programming 

experience to create/alter a method

• Movement of pipette channels over a 
large distance increases overall time

Hamilton Cons

• Specifically designed for one task

• No programming experience required 
to create/alter a method

• Walk-up friendly user interface

• Movement adds minimal time to assay

KingFisher Pros
• Specifically designed for one task

• Specific labware must be utilized

KingFisher Cons



KingFisherTM Automation8

Magnetic beads and samples 
are incubated off-line followed 
by thorough mixing via the tip 

comb (magnet held above).

Covered magnet collects beads 
on the head of the tip comb as 
the pair lowers into solution.

Covered magnet retracts with 
beads held against the tip 

comb.

The tip comb is removed from 
the magnet in a new solution 

allowing the beads to be 
released.  The tip comb is then 

used to thoroughly mix the 
solution.

Magnet

Sheath covering magnet 
(Tip Comb) preventing 
magnet contamination

• Designed specifically for high-throughput purification of 24-96 samples per run



Hamilton vs. KingFisherTM Automation

Hamilton

• Requires significant programming experience 
to create/alter a method

• IP method takes ~45 minutes per 96-well plate

• 2 washes and off-line elution mixing

KingFisherTM

• Walk-up friendly to program a method

• IP method takes 18 minutes

• 2 washes and on-line elution
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Data normalized to the KingFisherTM.  No significant difference running an IP 
assay on either the Hamilton or KingFisherTM.
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• Evaluated low binding plates 
from different manufacturers

• Plates showing higher area 
counts for both monitored 
peptides were evaluated with 
serum samples

• All serum tested plates 
performed similarly for the 
GPSV peptide

• The Agilent plate performed 
superior for the VVSV peptide

NonSpecific Binding in Neat Solution and Serum

Note: All data normalized to the KingFisherTM plate
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VVSV Regression Model

Dynabeads

BioZen Beads

• Smaller bead size allows more surface area per 
aliquot for binding

– Dynabeads are 2.8 µm in diameter
– Biozen beads are 1.0 µm in diameter

Bead Comparison: Manufacturer and Diameter

• Both beads demonstrated a concentration 
dependent capture of mAB in a linear manner



Comparison of Isotype Specific Capture

• Non-isotype specific anti-
Human IgG antibody 
demonstrated lower recovery 
than an IgG4 isotype specific 
antibody

• 1/X2 weighted regression
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Regression Model Analysis Comparing Non-Isotype Specific and 
Isotype Specific Capture Antibodies

Curve Range: 0.5 – 50 ug/mL

Generic Isotype Capture IgG4 Specific Isotype Capture

y = 0.121x + 0.0112
R2 = 0.9995

y = -0.00054x2 + 0.082x - 0.00527
R2 = 0.9993



ACN and TFA Effect on Digestion Efficiency
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• Samples with no TFA and 0.01% TFA had similar responses

• Samples with 0.1% TFA were about 2-fold higher for GPSV and 3-fold for VVSV

• ACN addition increased MS sensitivity by 2-fold, regardless of the TFA concentration
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Promega
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Thermo

• Rapid Trypsin digestion performed concurrently with reduction and alkylation

• Rapid Trypsin showed better digestion efficiency than Trypsin Gold

• Heat Stable Trypsin from different vendors performed similarly
• Thermo absolute trypsin concentration was unknown (same volume pipetted)

Trypsin: Heat Stable vs. Conventional



Effect of Capture Amount & Time and Trypsin:Substrate Ratio
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GPSV: Capture Amount, Time &Trypsin : Substrate Ratio

Capture_30min

Capture_1hr

Capture_1.5hr

Capture_2hr

10 µg Capture 15 µg Capture 20 µg Capture

Trypsin : Substrate Ratio

1:1 1:2 1:5 1:10 1:1 1:2 1:5 1:10 1:1 1:2 1:5 1:10

10 µg Capture 20 µg Capture

Trypsin : Substrate Ratio

1:1 1:2 1:5 1:10 1:1 1:2 1:5 1:10 1:1 1:2 1:5 1:10

15 µg Capture

• Greater than a 30 min capture time had no impact
• Increasing capture amount had minimal impact

• Higher Trypsin to Substrate ratio increases 
digestion efficiency



LC Conditions

• Mobile Phase A: Water w/ 0.1% Propionic Acid

• Mobile Phase B: ACN w/ 0.1% Propionic Acid

• Weak Wash: 20/80/0.1 ACN/H2O/FA

• Strong Wash: 50/40/10/0.05 ACN/IPA/Acetone/FA

• Column: Phenomenex Biozen PS-C18 50 x 2.1 mm, 2.6 µm

• Column Heater: 60 ◦C

• Sample Temp: 15 ◦C

• Inject Volume: 10 µL

• Flow Rate: 300 µL /min

MS Conditions (Sciex API-5500)
Parameter Value

Curtain (CUR) 30

Collision Gas (CAD) 8

Ion Spray Voltage (IS) 5500

Temperature (TEM) 650

Gas 1 (GS1) 45

Gas 2 (GS2) 55

Entrance Potential (EP) 10

Collision Cell Exit Potential (CXP) 15

Monitored Peptides
Q1 (charge) Q3 (ion)

GPSV
(Quantitative) 644.329 (+2) 800.408 (y7)

VVSV
(Confirmatory) 603.34 (+3) 805.438 (y14+2)

LC-MS/MS Conditions
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• Propionic acid showed ~2x signal:noise
improvement compared to formic acid for the 
GPSV peptide
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• Propioinic and Formic acid had comparable 
signal:noise for VVSV



Column Carryover

• Biozen PS-C18 column is 
titanium lined

• Biozen PS-C18 showed lower 
carryover compared to a 
traditionally packed column

• The carryover percentage 
differed based on peptide
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Sample Chromatograms – Monkey Serum

Double Blank
SIL-GPSV SIL-VVSV

Single Blank
SIL-GPSV SIL-VVSV

Separated 
Endogenous 
Interference Separated 

Endogenous 
Interference

LLOQ – 0.5 µg/mL
GPSV VVSV

ULOQ – 50 µg/mL
GPSV VVSV

Double Blank
GPSV VVSV

Single Blank
GPSV VVSV



Inter-day QC Performance

• Inter-run QC variability for both monitored peptides over 3 analytical runs was 
within 15% of nominal for all QC concentrations, including the dilution QC at 10x 
ULOQ
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LBA vs. LC-MS/MS Data Comparison

• LBA: generic anti-human capture and 
detection reagents

• LC-MS/MS: IgG4 specific capture
• Data correlates at both dose levels

y = 1,1001x - 4,4022
R² = 0,9785
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• Lower variation at the 3 mpk dose
• All data points are within 30% except for one 

outlier in the 10 mpk dose sample set



Conclusions & Future Experiments

Conclusions:
• LC-MS/MS assay was on par with industry standard

• Processing time reduced 2-fold from traditional methods as a result of heat stabilized trypsin 
technology and advancement in IP automation

• LC-MS/MS method generated data comparable to the LBA method
• Analysis of 2 peptides, one quantitative and one confirmatory, from different regions ensured data 

was from the same mAB

Future Experiments:
• Continue to investigate other areas for efficiency gains

• SPE based Capturem Streptavidin coated plates for IP
• Initial experiment shows promising results

• SPE based Capturem Trypsin for digestion
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Questions

Thank you for your time!

Please feel free to contact me at:  james_marr@merck.com if you have additional questions or comments

mailto:james_marr@merck.com

