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Monoclonal antibodies (mAbs) and their derivative
products are an important class of biopharmaceutical
molecules with a wide range of therapeutic and
diagnostic applications. The full characterization
(detect, identify, monitor and quantify) of mAbs
requires the development of more advanced sample
preparation methods and analytical techniques.
Interesting results have been obtained with LC/MS
based quantitation of intact therapeutic proteins in
recent years. In this study, we demonstrated a full
LC/MS workflow to quantify therapeutic proteins in a
serum matrix at the intact protein level, utilizing an
automated liquid-handling robot for sample
preparation, a UHPLC system, an accurate mass Q-
TOF system, and data processing software. In
addition, an alternative CE/MS based method
enhancing sample separation has been developed
and compared.

Introduction

Experimental

Figure 1. Agilent 6545XT AdvanceBio LC/Q-TOF system.

Overview

This work describes the sensitive quantitative
analysis of intact mAb from mouse serum sample as
part of collaboration work between Agilent Inc and
Amgen Inc. Agilent’s AssayMap Bravo and 6545XT
AdvanceBio LC/Q-TOF system was utilized in this
study.

Sample Preparation:

1) mAb in Neat Solution:

Herceptin (Trastuzumab) neat solution was prepared by
diluting the 20 mg/mL formulated stock solution with
0.001% BSA into a concentration ranging of 0.01 ng/µL
to 50 ng/µL. 1 µL of sample was used for each
injection.

2) mAbs from Biological Matrix (mouse serum):

Different amounts of mAbs were spiked into mouse
serum to make a concentration ranging from 35 ng/mL
to 50,000 ng/mL. Immunoaffinity capture, wash and
enrich the mAbs from mouse serum was performed
using Agilent AssayMAP Bravo system.

Approximately 0.035 – 150 ng of intact mAbs were
injected for each LC/MS analysis and 0.015 – 15.75 ng
of intact mAb for CE/MS analysis, respectively.

LC/MS Analysis:

LC/MS analyses were conducted on an Agilent 1290
Infinity II UHPLC system coupled with an Agilent
6545XT AdvanceBio LC/Q-TOF system equipped with
an Agilent Dual Jet Stream ESI source. Agilent
MassHunter Data Acquisition (B.09.00) workstation
software with large molecule SWARM autotune feature
was used. For setup parameters, please see Agilent
appnote: 5991-7813EN

CE/MS Analysis:

All CE-MS analyses were performed on an Agilent 7100
CE system coupled with an Agilent 6545XT AdvanceBio
LC/Q-TOF through an EMASS-II CE-MS interface from
CMP Scientific, Corp (Fig. 6). The CC1 coated fused
silica capillary (50 μm ID x 360 μm OD x 70 cm length)
was used for all analyses. A background electrolyte
containing 30% acetic acid, and the sheath liquid of 5%
formic acid and 10% methanol, were used. Mass range
was set at 300 – 8000 m/z.

Data Analysis:

All MS data of the intact mAbs were processed using
the MassHunter Quantitative Analysis 10.0 software.



Results and Discussion

1. Intact mAb (Herceptin in Neat Solution) Quantitative Analysis:

2. Quantitative Analysis of Intact mAb (Non-Glycosylated) from Mouse Serum:

(A)

(B)

Figure 4. TIC and Raw MS Spectrum of Intact mAb from Mouse
Serum. Top 5 charge states ions (in blue box) represent the peaks
selection and summation for data processing.

(C)

Figure 2. (A) Representative total ion chromatograms
(TIC) of intact Herceptin in the neat solution. (B) The
corresponding charge state distributions of the targeted
mAb. (C) Zoomed-in charge states showing the peaks
selection (summing top 2 glycoforms in 5 charge
states) for data processing.

Figure 5. Calibration curve of Non-Glycosylated mAb from
mouse serum in the range of 35 ng/mL to 50000 ng/mL.

Figure 3. Calibration curve of intact Herceptin in neat
solution (0.001% BSA) in the range of 0.01 ng/µL to 50
ng/µL. With the excellent sensitivity of the 6545XT
system for large intact protein, this workflow was able to
achieve the limit of detection of 25 pg (on-column) with
linear range from 0.025 ng/µL to 50 ng/µL, a dynamic
range of 3.3 orders with R2 = 0.9955. The LOQ of 0.05
ng/µL (50 pg on-column) was achieved with a S/N ratio
greater than 10, using a 25 ppm mass extraction
window.

Figure 3. Intact Herceptin mAb Quantitation (0.01 - 50 ng):
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• A completed and sensitive analytical workflow for
quantitating intact mAb in mouse serum was
developed. This workflow offered automatic high-
throughput and reproducible LC/MS or CE/MS
methods with great linear dynamic range.

• The LOD of 25 pg (total on-column) for intact
Herceptin in neat solution and LOD of 35 ng for mAbs
in biological matrix were achieved, respectively.

• A 3.3 orders of dynamic range from 0.025 ng/µL to 50
ng/µL for intact Herceptin quant was obtained, while ~
3.15 X in dynamic range was achieved for the mAbs in
mouse serum samples.

Results and Discussion

Conclusions

For Research Use Only. Not for use in diagnostic procedures.

3. CE/MS for Intact mAb Quantitative Analysis:

Summary:

Figure 6. Agilent 7100 CE and 6545XT
AdvanceBio LC/Q-TOF System with an
EMASS-II CE/MS Interface (CMP
Scientific, Corp.)

Figure 7. Calibration curve of Non-Glycosylated mAb from mouse serum
in the range of 50 ng/mL to 50000 ng/mL.

Table 1. Summary of various intact mAbs quantitative

analysis. Same data processing method (summing top 2

glycoforms in 5 charge states) was used. Comparing to the

LC/MS method, the CE/MS method showed higher in

sensitivity while the LC/MS method posted larger dynamic

range.
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CE/MS: Quantitative Analysis of Intact mAb (Non-glycosylated) from Mouse Serum:


