
A Universal LC-MS/MS Workflow For Preclinical PK Studies Using A Stable Isotope Labeled Monoclonal Antibody

CONCLUSIONS
• Universal internal standard utilization for all preclinical non-primate and primate studies  compensates 

for variation throughout the entire sample enrichment/digestion process and LC-MS/MS analysis

• The SILUMab can be used as a universal internal standard for quantification of therapeutic antibodies 
in samples obtained from a wide variety of pre-clinical species. 

• The utilization of a micro flow UHPLC system and highly sensitive tandem mass spectrometry provided 
the ability to significantly decrease analysis time while improving the quality of quantitative results 
which complements the reduced assay development time offered by the universal compatibility of the 
SILUMab standard. 

• The Micro Flow Control technology of the ekspert microLC 200 provides highly stable and reproducible 
retention times allowing the use of the Scheduled MRM feature of the QTRAP® 6500 which enhances 
multiplexed MRM performance. 

• SILUMab offers a more suitable and cost effective choice for use as a universal internal standard in 
quantitative mass spectrometric based therapeutic antibody quantitation from pre-clinical samples
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INTRODUCTION
Advancements in LC-MS/MS technology have recently enabled the development of quantitative assays to
accurately assess the PK properties of monoclonal therapeutic antibodies. This approach can provide superior
sensitivity, selectivity, speed, and reduced matrix effect in comparison to ELISA assays, but typically rely on analyte
specific stable isotope labeled peptides that can be costly to develop and provide poor accuracy of absolute
quantitation caused by late introduction of the internal standard peptide. We demonstrate the use of a stable isotope
labeled universal monoclonal antibody (SILUMab) internal standard which is introduced prior to immunoaffinity
enrichment. This workflow offers universal utility for preclinical biotherapeutic candidates.
.

MATERIALS AND METHODS
Sample Preparation

SILUMab (MCQC3, Sigma Aldrich) was expressed in CHO cells which were grown in serum-free 13C6
15N4 Arg/13C6

15N2 Lys enriched media.

For immunoaffinity enrichment and quantification, samples were prepared by spiking 5 μg/mL of SILUMab as an IS 
into cyno monkey plasma containing 0.1 - 50 μg/mL of an IgG1 target antibody. Samples were enriched using cross 
adsorbed goat anti-human IgG biotin conjugate antibody (Sigma-Aldrich, SAB204908) bound to the wells of a 96-
well streptavidin high binding capacity plate ( S2577, Sigma-Aldrich).

LC/MS conditions

LC/MS/MS method development was performed on AB SCIEX QTRAP® 6500 system and Eksigent ekspert™
microLC 200 system. Three unique analyte and IS fragment ions were monitored for each of the signature peptides,
requiring high chromatographic performance to improve throughput while avoiding matrix interference within the
multiplexed MS/MS transitions. The QTRAP 6500 was run in high mass positive ion mode and fitted with a ion
source equipped with a low volume 65um ID electrode to preserve chromatographic resolution.
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Ekspert MicroLC 200 system overview

Microfluidic Pump Control (MFC) technology works by continuously measuring the flow rate of each mobile phase.
An embedded processor uses the flow rate measurements to control a rapid, electronically adjusted pressure
source. This approach allows for very rapid gradients to be run with excellent accuracy and reproducibility which
is required to properly utilize the scheduled MRM feature of the 6500 QTRAP mass spectrometer.

Immunocapture sample extraction workflow

Ekspert microLC 200 system
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UHPLC System Eksigent ekspert  microLC 200 

Analytical Column Eksigent HALO C18, 2.7um fused core particle; 

0.5 x 50mm

Flow Rate 30 µL/ min

Injection Volume 7 µL

Column Temp 40°C

Mobile Phase A Water (0.1% Formic Acid)

Mobile Phase B Acetonitrile (0.1% Formic Acid)

Time %  mobile phase A % mobile phase B

0.0 98 2

8.0 35 65

8.1 10 90

9.0 10 90

9.1 98 2

10.0 98 2

MS System AB SCIEX QTRAP® 6500 system

Ionization Mode ESI with positive mode

Scan Type Scheduled MRM in high mass mode

Source Parameters IS: 5500.00 CAD: HIGH

TEM: 200.00 G1: 40

CUR: 20.00 G2: 70

Calibration studies of light antibody show reproducible and linear results from 0.1 to 50 µg/mL without enrichment
which improves upon previously published data. The total cycle time was reduced to less than half that of typical
LC runs which provide suitable chromatographic resolution and sensitivity in complex biological matrix.

Figure 2. Quantitation of signature peptide VVSVLTVLHQDWLNGK (heavy chain: +3y14 light); n=3 for each concentration level. 

Using knowledge of the elution time of each
peptide, each MRM transition is monitored only
during a short time window. This allows many
more MRM transitions to be monitored in a single
LC run, while still maintaining maximized dwell
times and optimized cycle times. Having the ability
to schedule MRM experiments is critical in
realizing the advantages that excellent
chromatographic resolution can offer to
quantitative accuracy in complex biological matrix.

Scheduled MRM™ Algorithm

QTRAP® 6500 LC/MS/MS System

Figure 3.SILUmab sequence information, underline and red highlights the signature peptides; SILUMab Standard in the inset

Table 1. Tryptic peptide sequences resulting from the SILUMab were blasted against the SwissProt and NCBI 
databases to ascertain uniqueness of the sequences against common preclinical species. Results for selected 
peptides are shown in the table above, along with their location within the antibody.

Workflow for quantitation of antibody comprised of unique signature peptide 
selection, Immunoaffinity enrichment, tryptic digestion, and LC-MRM analysis.
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Figure 1: Calibration curves of three representative SILUMab peptides obtained from immunoaffinity enriched samples. A calibration range 
of  0.1 μg/mL to 50 μg/mL  was analyzed, with accuracy of 85% -115% and CV of < 7%, as illustrated for VVSVLTVLHQDWLNGK


