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A Universal Immunocapture-LC-MS/MS Workflow for 
Biological Compound Quantitation in Preclinical Studies-
Trastuzumab
Increasing sensitivity for better accuracy, robustness, and LLOQ when quantitating complex biological 
compounds 

SCIEX iMethodsTM for Pharma and BioPharma

Key Challenges faced in pre-clinical quantitation 
of biological compounds using ELISA assay

• Lack of selectivity – In discover, generic antibody was 
typically used in ELISA assay for new biological compound
candidate screening which caused lacking of selectivity.

• Substandard data quality – Precision and accuracy are 
compromised at low levels due to interferences.

• Limited linear dynamic range and hook effect –Hook 
effect is known limitation for ELISA assay which causes 
false negative or artificial lower results. Only up to three 
orders of dynamic range for most ELISA assay.  

• Limitations on multiplexing assay (MPX): –MPX assay 
involves potential interactions between multiple different 
antibodies and antigens in the sample/assay solution.

Key benefits of BiaoBA Kit integrate with 
QTRAP® 6500 for quantifying pre-clinical 
samples 

• Completed solution for sample preparation – Include 
BioBA reagent kit, step by step sample preparation SOP, 
and LC-MSMS detail method 

• Mass spec selectivity: – Quantitation antibody using 
unique peptide sequence with highly reproducibile and 
accurate quality data even at low end. 

• Easy to MPX on Mass spec: – By simply adding other 
biological compound unique peptide MRM transitions, the 
method can monitor large number of biological analytes in 
one injection without concerning interferences and 
compromise data quality.

• Maximized sensitivity – QTRAP® 6500 Increased 
ionization efficiency and heat transfer with the new 
IonDrive™ Turbo V source and Increased ion sampling 
efficiency and ruggedness with the new IonDrive™ QJet ion 
guide results below LOQ 5 ng/mL based on sample volume 
and assay requirement. 

• Large linear dynamic range – Measurements tested from 
10–50,000 ng/mL are linear with over 4-orders of magnitude 
(r = 0.996) using 25 uL of plasma volume.

• Wide mass range – range of m/z 5 – 2000 provides 
versatility for large peptide quantitation  

Figure 1. A SCIEX BioBA sample preparation kit. B. Universal 
immunocapture procedure for human IgG enrichment for preclinical 
samples

Results and Discussion

Sensitivity and linearity of quantitation

A calibration curve of trastuzumab standards in rat plasma matrix
(10 – 50,000 ng/mL) was generated using MultiQuant™ 
Software (Figure 1). The tested limit of quantification (LOQ) was
10 ng/mL using 25 uL of rat plasma. Linearity was achieved from 
10-50,000 ng/mL with regression coefficient (r) of 0.996.

自动化生物制药特征肽定量方法
采用Biomek FXP 实验室自动化工作站的SCIEX BioBA解决方案
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1SCIEX，安大略省，加拿大; 2Beckman Coulter，印第安纳波利斯，美国印第安纳州

生物制药定量分析的主要挑战：

• ELISA试验中存在线性动态范围限制和部分情况下抗体缺乏选择

性的问题；

• 特征肽段MRM定量分析方法的选择性高并且线性动态范围和特

异性俱佳，但样品前处理过程相对复杂；

• 试验过程中多次移液操作需要耗费大量人力；

• 能否在一个批次中和几个批次之间获得一致性结果是生物制药

定量分析面临的一大问题。

SCIEX 自动化 BioBA 解决方案的主要特点：

• 自动化生物药的免疫-亲和样品前处理完整解决方案（图1）；

° BioBA 试剂盒提供了从高容量链霉亲和素磁珠到酶切处理所

需要的全部试剂；

° Biomek FXp 工作站使全部过程自动化；

• 同时处理96个样品；

• 重复性好，单抗样品从血浆中富集并酶解后总CV值小于10%；

• 易于使用的软件界面适用于常规检测。

引言

生物药物在制药公司的研发链中所占的比例不断增加。对新

药分子的研发来说，稳定可靠的生物分析方法是不可或缺的。由

于LC-MS方法的高灵敏度和特异性，常用于蛋白质定量时，特征

肽段的测定。结合免疫亲和策略进一步富集样品并去除基质干

扰，可进一步增加方法的灵敏度和选择性。不过在免疫亲和的过

程中有大量的移液和孵育过程，会消耗大量的时间和人力。相比

于小分子工作流程，生物药物样品前处理成为了分析过程的新瓶

颈。可重现的样品前处理是建立稳定的临床前和一至四期临床分

析方法的关键。

图1. Biomek FXP 工作站，BioBA 试剂盒和SCIEX 6500 QTRAP系统。

图2. SCIEX BioBA 自动化工作流程和Biomek FXP 方法启动工作区。
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Automating Biologics Signature Peptide Quantitation
SCIEX BioBA Solution Using the Biomek FXP Laboratory Automated Workstation

Ian Moore1, Michael Kowalski2
1SCIEX, Concord, Canada 2Beckman Coulter, Indianapolis, IN USA

Key Challenges in Biologics Quantitation

• ELISA assays have a limited linear dynamic range and 
lack selectivity in some cases

• Signature peptide MRM quantitation offers high 
sensitivity, linear dynamic range and specificity but 
sample preparation is a multi-step process

• Several pipetting steps in the process make sample 
preparation a labor intensive process

• Achieving consistent results within a batch and between 
batches

Key Features of the SCIEX Automated BioBA 
Solution

• Complete solution for automating biologics immuno-
affinity sample preparation (Figure 1)

o BioBA kits provide all the reagents necessary 
from high capacity streptavidin beads to 
digestion enzyme

o Biomek FXP Workstation automates the entire 
process

• Process 96 samples at once

• Highly reproducible, a monoclonal antibody sample was 
isolated from plasma and digested with an overall %CV 
<10%.

• Easy-to-use software interface for routine operation

Introduction

Protein based biotherapeutics are a growing component of 
pharmaceutical companies’ drug pipelines. In order to support 
this growing class of new drug molecules, robust and reliable 
bioanalytical methods are required. The signature peptide 
approach is the most commonly used LCMS based strategy for 
protein quantitation due to its high sensitivity and specificity. 
When this strategy is combined with immuno-affinity sample 
preparation to concentrate the target analyte and reduce the 
matrix background the sensitivity and selectivity of the technique 
is greatly expanded. There is however several steps in immuno-
affinity sample preparation plus several incubation wait times 
that consume an analyst’s valuable time. This creates a new 
bottleneck in sample preparation compared to traditional small
molecule workflows. Added to this challenge is the fact that 

Figure 1. Biomek FXP Workstation, BioBA reagents kit and SCIEX 
6500 QTRAP system. 

Figure 2. The SCIEX BioBA Automated Workflow and Biomek FXP

Method Launcher workspace.
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reproducible sample preparation is critical for delivering high 
quality pre-clinical and phase I-IV study results.
Magnetic beads offer several advantages for immuno-affinity 
workflows including: ease of handling, scalability, improved 
sample recovery, parallel processing of samples using a variety 
of magnetic stands and use in high-throughput formats with 
robotics. Using automation reduces the variability of multi-step 
sample preparations within a batch and between day-to-day 
preparations. It also reduces the labor required to process 
sample batches and liberates scientists to do other work required 
to deliver study results. In this note we demonstrate successful 
method transfer of the BioBA sample preparation protocol to the 
Biomek FXP Workstation and show its ability to deliver robust 
results from real study samples.

Methods
Dosing Study: Four male Sprague-Dawley rats were given a 
sub-cutaneous dose of rituximab at 10 mg/kg and blood samples 
were collected at: predose, 0.5, 2, 6, 24 h, 2, 3, 6, 8, 10, 14, 17, 
21, 24 and 28 days and kept frozen. The samples were analyzed 
by QPS using a previously validated ELISA assay in the range of 
100 to 10 000 ng/mL and samples were pre-diluted 5 or 10 fold 
prior to analysis. The remainder of the samples was shipped to 
SCIEX in Concord for analysis by immuno-affinity LCMS.
Calibration standards were prepared in the range of 100 to 100 
000 ng/mL and QC samples at 300, 3250 and 75000 ng/mL. 
Samples from rats 1,2: Day 2, rat 3: 0.5 hr, Day 2,14, rat 4: 0.5 
hr, Day 2,14 were diluted 5-fold with blank rat plasma prior to 
analysis due to low sample volume. Twenty-five microliters of 
each standard, QC and study sample was then processed 
following the procedure outlined below using SILuMab (Sigma-
Aldrich) internal standard, 1.0 µg/mL.

Automated Sample Preparation: The SCIEX BioBA sample 
preparation protocol shown in Figure 2 was automated for 96 
samples on the Biomek FXP Workstation. The Biomek FXP

Workstation is setup with a Peltier heater with deep well plate 
adapter, a MagnaBot® 96 Magnetic Separation Device and an 
orbital shaker. Pipetting techniques were optimized for all 
transfer steps to ensure accurate delivery of all reagents.
The protocol is divided into two workflows: capture and digestion. 
The software contains a dashboard workspace (Figure 2) where 
one of the two workflows is selected. When a method is 
launched the Guided Labware Setup (Figure 3) takes the user 
through the setting up of the deck step by step to ensure no 
labware is misplaced. The Guided Labware Setup also informs 
the user of the reagent volumes required for the batch. Once a 
method is launched the Milestone View informs the user of the 
current status of the labware as it moves through the workflow as 
well as the overall progress and time remaining for the entire 
method (Figure 3). When the Biomek Workstation is networked, 
this information can be viewed in a standard web browser, 
thereby allowing remote monitoring of the system.

Figure 3. The Guided Labware Setup and Milestone View of the 
Biomek Method Launcher software for the BioBA solution.

In the capture workflow the deck of the Biomek FXP Workstation 
is loaded with streptavidin magnetic beads conjugated with 
capture antibody, isotopically-labeled internal standard, 
bind/wash buffer, elution buffer and neutralization buffer. A
sample plate containing 25 µL to 200 µL calibration standards, 
QC samples, blank and double blank controls and subject 
samples is first prepared and placed on the deck of the Biomek 
FXP Workstation. First, the Biomek FXP Workstation transfers 2 
x sample volume of internal standard (1.0 µg/mL SILuMAB) to 
the sample plate.  25µL of the beads are added to the capture 
plate and the sample plus internal standard is transferred to the 
beads.  After incubation for 1 hour the sample supernatant is 
removed from the beads and transferred to a storage plate. The 
beads are then rinsed three times with buffer. After washing is 
complete the beads are then incubated with 50 µL of elution 
buffer (0.1% TFA) for 10 minutes. After elution is complete the 
acidic supernatant is transferred to a clean elution plate and 
neutralization buffer (500 mM ammonium bicarbonate) is added. 
The analyte in the elution plate is now ready for digestion.
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采用磁珠进行免疫亲和富集的优势包括:操作容易，样品处理

量可放大，回收率有所提高，可通过采用磁力架批量处理样品并

且可通过采用机械臂增加通量。采用自动化设备进行样品前处理

可有效降低批间和日间变异。同时可以将科学家从繁重的重复劳

动中解放出来，使他们更加专注于研究工作本身。在本文中，我

们成功地使用Biomek FX工作站自动化完成BioBA试剂盒的样品前

处理流程，在分析实际样品时得到了稳定可靠的结果。

方法

给药研究：对四只雄性大鼠进行皮下利妥昔单抗给药，分别

在注射前，0.5、2、6和24小时，第2、3、6、8、10、14、17、

21、24和28天采集血清样本并冷冻保存。部分样品在5倍或10倍

预稀释后由QPS采用已通过认证的ELISA方法在100 - 10000 ng/mL

范围内进行分析，其他样品由位于加拿大安大略省的SCIEX公司采

用免疫-亲和 LC-MS 进行分析。

在100 - 10000 ng/mL范围内建立校准标准，质量控制样品为

300、3250和75000 ng/mL。由于样品体积偏低，以下样品在分析

前采用空白鼠血浆进行5倍稀释：大鼠1、2:2天，大鼠3:0.5小时、

2天、14天，大鼠4:0.5h、2天、14天。根据下文概述的步骤，在

体积均为 25 µL 的标准样品、质控样品和实际样品中添加1.0 µg/mL 

SILuMab（Sigma-Aldrich）内标。

自动化样品前处理：图2 中展示了采用Biomek FX工作站自动

进行SCIEX BioBA样品前处理的工作流程，该流程一次可处理96

个样品。Biomek FX工作站配置了适用于深孔板的Peltier加热器、

MagnaBot® 96 磁分离装置和轨道摇床。移液方法经过优化，确保

每一步中都能完全转移所有液体。

该方法分为两个工作流程：富集和酶解。软件中包括用于选

择工作流程的仪表板工作区（图2）。当工作方法启动后，通过

Guided Labware Setup界面（图3）可引导使用者详细地进行设置

以避免错误安装，界面中还含有每次分析所需试剂量的信息。工

作方法启动后，使用者可通过Milestone View查看实验室设备的当

前状态、整体进度和完成实验所需的时间。将Biomek 工作站联网

后，还可通过标准网络浏览器查看以上信息，从而实现系统的远

程控制。

在富集过程中，我们在Biomek FX工作站的平台上分别装载

了固定了相应抗体的链霉素亲和素修饰磁珠，同位素标记的内

标，富集/清洗缓冲液，洗脱缓冲液和中和缓冲液。实验前我们先

将样品板放置在工作站操作平台上，样品板上分别装有25-200微

升标准品，质控样品，空白，双空白对照以及相应样品。首先，

Biomek Biomek FXP 工作站将两倍样品体积的内标（1.0 μg/mL 

SILuMAB)添加到样品盘中，并加入25 µL磁珠富集分析物和内标。

1小时的孵育后，取上清液并转移到存储盘中，用缓冲液洗脱磁珠

三次，再用50 µL洗脱液（0.1% TFA）孵育10分钟，最后将酸性上

层清液转移至干净的洗脱盘中并加入中和缓冲液（500 mM 碳酸

氢铵）。洗脱盘中的分析物可用于后续酶解实验。

富集结束后，Biomek FX的工作台被换上酶解所需的套件。酶

解试剂（TCEP、碘乙酰胺（IAM）、阴离子表面活性剂和胰蛋白

酶/胞内蛋白酶）被置于2 mL样品管中，甲酸和水分别置于不同储

液器中。酶解所需试剂采用Span-8吸头移入尖低96孔板中。特定

体积的洗脱缓冲液通过96道吸头移取。为防止小体积溶液蒸发，

我们酶解试剂的移取时间进行了精确控制。同时使用Span-8吸头

和96道吸头可在最大程度上降低移液过程中的时间浪费，从而

实现同时处理96个样品。自动化酶解实验的第一步是加入还原剂

（100 mM TCEP），随后洗脱盘在50 摄氏度下孵育1小时。然后

加入烷基化试剂（100 mM IAM），室温混合30分钟，接下来依

次加入质谱兼容的阴离子表面活性剂和胰蛋白酶-LysC混合酶，37 
图3. BioBA解决方案中Biomek方法启动软件的Guided Labware Setup和

Milestone View界面。
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摄氏度条件下孵育3小时。最后，加入3 µL甲酸终止酶解过程。最

后，用50微升水稀释样品，移取75微升稀释后的样品到干净的96

孔液相进样板中待用。

色谱条件：本文采用Shimadzu LC-20系统分离酶解肽段，该

系统包括：CBM-20A 系统控制器、两台LC-20AD 等度泵、SIL-

20AC 自动进样器和使用Phenomenex 2.6 µm Kinetex C18色谱柱

（50 × 2.1 mm）以及CTO-20AC柱温箱（柱温50 摄氏度）。采

用短梯度分离（见表1），进样体积5 µL。

结果：

为验证酶解方法的重现性，我们采用S I LuL i te（S igma-

Aldrich）抗体标准样品和SILuMAB 内标（3.6 µg/mL）作为验证

样品，所有样品溶于50 mM碳酸氢铵缓冲液中。孔板的第1、4、

6、9和11列中SILuLite含量为540 µg/mL，第2、5、7、10和12列

中SILuLite含量为180 µg/mL，第3和8列为空白缓冲液。采用三个

通用特征肽段峰面积比来验证重现性。图4中展示了肽段DTLMISR

的实验结果，40个含量为540 µg/mL样品的CV值为 5.9%，含量为

180 µg/mL样品的CV值为 4.4%。对于其他两个通用特征肽段（未

列出数据），低含量样品的CV值分别为8.2%和5.4%，高含量样

品的CV值分别为5.2%和4.1%。第3列和第8列空白样品中未出现

特征肽段MRM响应，说明在液相操作过程中没有出现交叉污染。

表1. 液相条件。

表2. MRM参数。
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At the end of the capture workflow the deck of the Biomek FXP

Workstation is then cleared of the capture reagents and 
digestion labware are placed on the deck. Digestion reagents 
(TCEP, iodoacetamide (IAM), anionic surfactant and trypsin/lys-
C) are placed in 2 mL sample tubes and formic acid and water 
are placed in divided reservoirs. The digest reagents are 
stamped out into 96 v-bottom well plates using the Span-8 head 
and the 96-channel head is used to deliver the required volume 
to the elution plate. The digestion reagents are not stamped out 
until required in ‘just-in-time’ delivery fashion to minimize 
evaporation loss of the small volume reagents. Performing 
reagent delivery in this way and taking advantage of both the 96-
channel and Span-8 heads also minimizes the amount of dead 
time in the method and synchronizes reagent addition across the 
96-samples.  The automated digestion workflow begins with 
addition of the reducing reagent (100 mM TCEP) and the elution 
plate is heated at 50 °C for 1 hour. Next the alkylation reagent 
(100 mM IAM) is added to the elution plate and mixed for 30 
minutes at room temperature. Next the anionic mass spec 
compatible surfactant is added followed by trypsin-lysC and the 
elution plate is incubated for 3 hours at 37°C. At the end of the 
digestion 3 µL of formic acid is added to the elution plate to stop 
digestion. Lastly, 50 µL of water is added to the digested 
samples and 75µL of the diluted samples are transferred to a 
clean 96-well LC injection plate.

Chromatography: Separation of the signature peptides of the 
digested samples was performed on a Shimadzu LC-20 system
consisting of the following components: CBM-20A system 
controller, LC-20AD isocratic pumps (2), SIL-20AC autosampler,
CTO-20AC column oven (50 °C) using a Phenomenex 2.6 µm, 
Kinetex C18 Column, (50 x 2.1 mm). A short gradient was used
(Table 1) and 5 µL of sample was injected onto the column.

Table 1. LC Conditions

Step Total Time (min) %B** Flow rate 
(μL/min)

1 0.00 10 400

2 4.00 40 400

3 4.25 95 400

4 5.50 95 400

5 5.60 10 400

6 6.30 10 400

*Mobile Phase A: 0.1% formic acid in water (v/v)
**Mobile Phase B: 0.1% formic acid in acetonitrile (v/v)

Mass Spectrometry: The MRM analysis was performed on a 
SCIEX QTRAP 6500® system equipped with an IonDriveTM

Turbo V source. The following source/gas parameters were 
used, IS 5500, CUR 25 psi, TEM 500 °C, GS1 85 psi, GS2 80 
psi and CAD High. Table 2 lists the analyte MRM parameters 

used for signature peptide quant using a conserved signature 
peptide from the Fc region of rituximab and SIGMAMAB.

Table 2. MRM parameters.

Q1 Q3 Dwell DP CE CXP Retention 
Time (min) Peptide 

560.1 708.8 25 60 22 28 2.1 Sig Peptide 1_1 

560.1 615.7 25 60 23 15 2.1 Sig Peptide 1_2 

562.9 713.3 25 50 23 28 2.1 Heavy Sig Peptide 
1_1 

Data Processing: After acquisition data was imported into 
MultiQuantTM software for peak integration, calibration and 
calculation of unknown sample and QC calculations.

Results
To test the reproducibility of the digestion protocol a plate was 
prepared containing samples of SILuLite (Sigma-Aldrich) 
antibody standard plus SILuMAB internal standard (3.6 µg/mL) in 
50 mM ammonium bicarbonate buffer. Columns 1, 4, 6, 9 and 11 
contained SILuLite at 540 ng/mL, columns 2, 5, 7, 10 and 12 
contained SILuLite at 180 µg/mL and columns 3 and 8 contained 
blank buffer. Three universal signature peptide peak area ratios 
were monitored for reproducibility. The data in Figure 4 represent 
the DTLMISR universal signature peptide. The %CV across 40 
wells of the 540 ng/mL sample was 5.9% and 4.4% for the 180 
µg/mL sample. Two other universal peptides MRM area ratios 
were monitored (data not shown) and the %CVs were 8.2% and 
5.4% for the low concentration sample and 5.2% and 4.1% for
the high concentration sample. There was no signature peptide 
MRM response from the blank samples in columns 3 and 8 in the 
middle of the plate indicating there was no cross contamination 
of sample during the liquid handling steps.

Figure 4. Digestion reproducibility as measured (peak area ratio of 
DTLMISR/DTLMISR*) from a neat 180 µg/mL sample (red) and neat 
540 ng/mL sample (blue).

With the reproducibility of the digestion protocol established we 
moved to test the reproducibility of the entire workflow. A large 
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At the end of the capture workflow the deck of the Biomek FXP

Workstation is then cleared of the capture reagents and 
digestion labware are placed on the deck. Digestion reagents 
(TCEP, iodoacetamide (IAM), anionic surfactant and trypsin/lys-
C) are placed in 2 mL sample tubes and formic acid and water 
are placed in divided reservoirs. The digest reagents are 
stamped out into 96 v-bottom well plates using the Span-8 head 
and the 96-channel head is used to deliver the required volume 
to the elution plate. The digestion reagents are not stamped out 
until required in ‘just-in-time’ delivery fashion to minimize 
evaporation loss of the small volume reagents. Performing 
reagent delivery in this way and taking advantage of both the 96-
channel and Span-8 heads also minimizes the amount of dead 
time in the method and synchronizes reagent addition across the 
96-samples.  The automated digestion workflow begins with 
addition of the reducing reagent (100 mM TCEP) and the elution 
plate is heated at 50 °C for 1 hour. Next the alkylation reagent 
(100 mM IAM) is added to the elution plate and mixed for 30 
minutes at room temperature. Next the anionic mass spec 
compatible surfactant is added followed by trypsin-lysC and the 
elution plate is incubated for 3 hours at 37°C. At the end of the 
digestion 3 µL of formic acid is added to the elution plate to stop 
digestion. Lastly, 50 µL of water is added to the digested 
samples and 75µL of the diluted samples are transferred to a 
clean 96-well LC injection plate.

Chromatography: Separation of the signature peptides of the 
digested samples was performed on a Shimadzu LC-20 system
consisting of the following components: CBM-20A system 
controller, LC-20AD isocratic pumps (2), SIL-20AC autosampler,
CTO-20AC column oven (50 °C) using a Phenomenex 2.6 µm, 
Kinetex C18 Column, (50 x 2.1 mm). A short gradient was used
(Table 1) and 5 µL of sample was injected onto the column.

Table 1. LC Conditions

Step Total Time (min) %B** Flow rate 
(μL/min)

1 0.00 10 400

2 4.00 40 400

3 4.25 95 400

4 5.50 95 400

5 5.60 10 400

6 6.30 10 400

*Mobile Phase A: 0.1% formic acid in water (v/v)
**Mobile Phase B: 0.1% formic acid in acetonitrile (v/v)

Mass Spectrometry: The MRM analysis was performed on a 
SCIEX QTRAP 6500® system equipped with an IonDriveTM

Turbo V source. The following source/gas parameters were 
used, IS 5500, CUR 25 psi, TEM 500 °C, GS1 85 psi, GS2 80 
psi and CAD High. Table 2 lists the analyte MRM parameters 

used for signature peptide quant using a conserved signature 
peptide from the Fc region of rituximab and SIGMAMAB.

Table 2. MRM parameters.

Q1 Q3 Dwell DP CE CXP Retention 
Time (min) Peptide 

560.1 708.8 25 60 22 28 2.1 Sig Peptide 1_1 

560.1 615.7 25 60 23 15 2.1 Sig Peptide 1_2 

562.9 713.3 25 50 23 28 2.1 Heavy Sig Peptide 
1_1 

Data Processing: After acquisition data was imported into 
MultiQuantTM software for peak integration, calibration and 
calculation of unknown sample and QC calculations.

Results
To test the reproducibility of the digestion protocol a plate was 
prepared containing samples of SILuLite (Sigma-Aldrich) 
antibody standard plus SILuMAB internal standard (3.6 µg/mL) in 
50 mM ammonium bicarbonate buffer. Columns 1, 4, 6, 9 and 11 
contained SILuLite at 540 ng/mL, columns 2, 5, 7, 10 and 12 
contained SILuLite at 180 µg/mL and columns 3 and 8 contained 
blank buffer. Three universal signature peptide peak area ratios 
were monitored for reproducibility. The data in Figure 4 represent 
the DTLMISR universal signature peptide. The %CV across 40 
wells of the 540 ng/mL sample was 5.9% and 4.4% for the 180 
µg/mL sample. Two other universal peptides MRM area ratios 
were monitored (data not shown) and the %CVs were 8.2% and 
5.4% for the low concentration sample and 5.2% and 4.1% for
the high concentration sample. There was no signature peptide 
MRM response from the blank samples in columns 3 and 8 in the 
middle of the plate indicating there was no cross contamination 
of sample during the liquid handling steps.

Figure 4. Digestion reproducibility as measured (peak area ratio of 
DTLMISR/DTLMISR*) from a neat 180 µg/mL sample (red) and neat 
540 ng/mL sample (blue).

With the reproducibility of the digestion protocol established we 
moved to test the reproducibility of the entire workflow. A large 
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**流动相B：0.1%甲酸乙腈溶液（体积比）

质谱：采用配置IonDrive™ Turbo V离子源的SCIEX QTRAP® 6500 

液质系统进行MRM分析，离子源/气流参数如下所示：IS 5500，

CUR 25 psi，TEM 500 ℃，GS1 85 psi，GS2 80 psi，CAD High。

表2列出了待分析多肽的MRM信息，相应多肽选择Rituximab和

SIGMAMAB的Fc段。

数据处理：采用MultiQuant进行积分，制作标准曲线，计算

未知样品和QC样品的浓度。
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At the end of the capture workflow the deck of the Biomek FXP

Workstation is then cleared of the capture reagents and 
digestion labware are placed on the deck. Digestion reagents 
(TCEP, iodoacetamide (IAM), anionic surfactant and trypsin/lys-
C) are placed in 2 mL sample tubes and formic acid and water 
are placed in divided reservoirs. The digest reagents are 
stamped out into 96 v-bottom well plates using the Span-8 head 
and the 96-channel head is used to deliver the required volume 
to the elution plate. The digestion reagents are not stamped out 
until required in ‘just-in-time’ delivery fashion to minimize 
evaporation loss of the small volume reagents. Performing 
reagent delivery in this way and taking advantage of both the 96-
channel and Span-8 heads also minimizes the amount of dead 
time in the method and synchronizes reagent addition across the 
96-samples.  The automated digestion workflow begins with 
addition of the reducing reagent (100 mM TCEP) and the elution 
plate is heated at 50 °C for 1 hour. Next the alkylation reagent 
(100 mM IAM) is added to the elution plate and mixed for 30 
minutes at room temperature. Next the anionic mass spec 
compatible surfactant is added followed by trypsin-lysC and the 
elution plate is incubated for 3 hours at 37°C. At the end of the 
digestion 3 µL of formic acid is added to the elution plate to stop 
digestion. Lastly, 50 µL of water is added to the digested 
samples and 75µL of the diluted samples are transferred to a 
clean 96-well LC injection plate.

Chromatography: Separation of the signature peptides of the 
digested samples was performed on a Shimadzu LC-20 system
consisting of the following components: CBM-20A system 
controller, LC-20AD isocratic pumps (2), SIL-20AC autosampler,
CTO-20AC column oven (50 °C) using a Phenomenex 2.6 µm, 
Kinetex C18 Column, (50 x 2.1 mm). A short gradient was used
(Table 1) and 5 µL of sample was injected onto the column.

Table 1. LC Conditions

Step Total Time (min) %B** Flow rate 
(μL/min)

1 0.00 10 400

2 4.00 40 400

3 4.25 95 400

4 5.50 95 400

5 5.60 10 400

6 6.30 10 400

*Mobile Phase A: 0.1% formic acid in water (v/v)
**Mobile Phase B: 0.1% formic acid in acetonitrile (v/v)

Mass Spectrometry: The MRM analysis was performed on a 
SCIEX QTRAP 6500® system equipped with an IonDriveTM

Turbo V source. The following source/gas parameters were 
used, IS 5500, CUR 25 psi, TEM 500 °C, GS1 85 psi, GS2 80 
psi and CAD High. Table 2 lists the analyte MRM parameters 

used for signature peptide quant using a conserved signature 
peptide from the Fc region of rituximab and SIGMAMAB.

Table 2. MRM parameters.

Q1 Q3 Dwell DP CE CXP Retention 
Time (min) Peptide 

560.1 708.8 25 60 22 28 2.1 Sig Peptide 1_1 

560.1 615.7 25 60 23 15 2.1 Sig Peptide 1_2 

562.9 713.3 25 50 23 28 2.1 Heavy Sig Peptide 
1_1 

Data Processing: After acquisition data was imported into 
MultiQuantTM software for peak integration, calibration and 
calculation of unknown sample and QC calculations.

Results
To test the reproducibility of the digestion protocol a plate was 
prepared containing samples of SILuLite (Sigma-Aldrich) 
antibody standard plus SILuMAB internal standard (3.6 µg/mL) in 
50 mM ammonium bicarbonate buffer. Columns 1, 4, 6, 9 and 11 
contained SILuLite at 540 ng/mL, columns 2, 5, 7, 10 and 12 
contained SILuLite at 180 µg/mL and columns 3 and 8 contained 
blank buffer. Three universal signature peptide peak area ratios 
were monitored for reproducibility. The data in Figure 4 represent 
the DTLMISR universal signature peptide. The %CV across 40 
wells of the 540 ng/mL sample was 5.9% and 4.4% for the 180 
µg/mL sample. Two other universal peptides MRM area ratios 
were monitored (data not shown) and the %CVs were 8.2% and 
5.4% for the low concentration sample and 5.2% and 4.1% for
the high concentration sample. There was no signature peptide 
MRM response from the blank samples in columns 3 and 8 in the 
middle of the plate indicating there was no cross contamination 
of sample during the liquid handling steps.

Figure 4. Digestion reproducibility as measured (peak area ratio of 
DTLMISR/DTLMISR*) from a neat 180 µg/mL sample (red) and neat 
540 ng/mL sample (blue).

With the reproducibility of the digestion protocol established we 
moved to test the reproducibility of the entire workflow. A large 
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图4. 以DTLMISR/DTLMISR*峰面积比衡量的酶解重现性结果，红色是浓度

为180 µg/mL的样品，蓝色是浓度为540 µg/mL的样品。

接下来我们考察了整个工作流程的重现性，准备鼠血浆中

rituximab浓度为 3.25 µg/mL 的大体积QC样品，在96孔板中的94

孔中，分别加入50 µL的QC样品。图5中结果是不同孔位中某一段

特征肽段和相应的同位素标记肽段的峰面积比数据。所有孔中提

取后样品测得的结果%CV值为8.7%。

最后，为了验证该自动化方法的实用性，我们采用实际样

品，而不仅仅是质控样进行了进一步验证。动物给药实验委托

QPS公司进行。采集的样品首先由QPS公司采用ELISA方法进行检

测，线性范围为100-10000 ng/mL。样品在分析前经过稀释。经过

ELISA分析后的样品由SCIEX进行后续MRM分析。
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QC sample of rituximab 3.25 µg/mL was prepared in rat plasma 
and 50 µL was aliquoted in 94 wells of a 96- well plate. The data 
in figure 5 represent the peak area ratio of a universal peptide
and its heavy labelled internal standard. The %CV across all
wells of the extracted plasma sample was 8.7%.

Figure 5. Reproducibility of the automated BioBA protocol as 
measured from the signature peptide peak area ratio of a single 
3.25 µg/mL rituximab plasma sample aliquoted to 94 wells of a 96-
deep well plate.

Finally, to demonstrate the power and utility of the automated 
protocol the validity of the method was tested on real study 
samples, not just QC samples. A study was commissioned with 
QPS to dose animals with rituximab. Samples were first 
analyzed by QPS using an ELISA method with a range of 100 to 
10 000 ng/mL and study samples were pre-diluted prior to 
analysis. After analysis by ELISA, samples were shipped to 
SCIEX for analysis using a universal signature peptide MRM.

Figure 6 shows the peaks from the LLOQ standard and double 
blank sample.  The signal to noise ratio was ~95, indicating 
excellent sensitivity.  Figure 7 shows the calibration curve and 
statistics from the sample batch.  Curve values ranged in 
accuracy from 92.4-108% of expected values and %CVs ranging 
from 0.8-12.6%.  The calibration curve showed excellent linearity 
as evidenced by an r value of 0.9985. Figure 8 shows the 

average sample concentration (4 rats) at each time point from 
measured using both techniques. The data from the rat dosing 
study show excellent agreement (<15%) between the two 
analytical techniques and shows that the immuno-affinity LCMS 
assay provides equivalent results to the ELISA in this case while 
the IA-LCMS assay had the advantage of a wider linear dynamic 
range and required no sample pre-dilution. Although not 
explored in this study the LCMS method can be used to do 
simultaneous quantitation of antibody catabolism from the same 
sample set.

Figure 7. The calibration curve and calibration curve statistics from 
the rat study sample batch processed.

Figure 8. Average rituximab sample concentration (4 rats) as 
measured by an ELISA assay (QPS) and the BioBA automated 
sample processing protocol.

Figure 6. Example chromatograms of the LLOQ standard and 
double blank sample processed using the automated BioBA 
protocol.
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图8为采用两种检测方法测定各个时间点的平均血药浓度（四

只大鼠）。大鼠给药研究结果表明两种分析方法的结果具有出色

的一致性（小于15%）。实验结果表明，免疫亲和LC-MS方法的

结果与ELISA结果良好吻合，同时，免疫亲和LC-MS方法具有线性

范围宽，无需提前稀释样品的优势。另外，虽然本实验中没有涉

及，但是LC-MS方法还具有可以同时测定同一样品中多个抗体药

物的能力。

总结

全自动样品前处理对于减小用于特征肽段定量的免疫亲和样

品前处理方法的瓶颈非常重要。自动化方法不只能改善多步骤操

作的日间重现性和不同操作者间的重现性，还能帮助科学家节省

精力，使他们更专注于实验的关键点和数据分析。

本文介绍了一种全自动免疫亲和样品前处理和特征肽段定

量工作流程，并成功应用于单抗药物的给药实验中。实验结果

表现出了高灵敏度，高准确性和高精密度。采用ELISA和免疫亲

和LC-MS方法同时分析实际给药实验样品的结果具有很高的一致

性，差别小于15%。该结果表明自动化BioBA方案是一种耐用且准

确的单抗定量方法。BioBA方案包括Biomek FX自动化流程和可即

时使用的BioBA耗材试剂盒，该方法可以提高通量，加速生物药开

发流程。
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QC sample of rituximab 3.25 µg/mL was prepared in rat plasma 
and 50 µL was aliquoted in 94 wells of a 96- well plate. The data 
in figure 5 represent the peak area ratio of a universal peptide
and its heavy labelled internal standard. The %CV across all
wells of the extracted plasma sample was 8.7%.

Figure 5. Reproducibility of the automated BioBA protocol as 
measured from the signature peptide peak area ratio of a single 
3.25 µg/mL rituximab plasma sample aliquoted to 94 wells of a 96-
deep well plate.

Finally, to demonstrate the power and utility of the automated 
protocol the validity of the method was tested on real study 
samples, not just QC samples. A study was commissioned with 
QPS to dose animals with rituximab. Samples were first 
analyzed by QPS using an ELISA method with a range of 100 to 
10 000 ng/mL and study samples were pre-diluted prior to 
analysis. After analysis by ELISA, samples were shipped to 
SCIEX for analysis using a universal signature peptide MRM.

Figure 6 shows the peaks from the LLOQ standard and double 
blank sample.  The signal to noise ratio was ~95, indicating 
excellent sensitivity.  Figure 7 shows the calibration curve and 
statistics from the sample batch.  Curve values ranged in 
accuracy from 92.4-108% of expected values and %CVs ranging 
from 0.8-12.6%.  The calibration curve showed excellent linearity 
as evidenced by an r value of 0.9985. Figure 8 shows the 

average sample concentration (4 rats) at each time point from 
measured using both techniques. The data from the rat dosing 
study show excellent agreement (<15%) between the two 
analytical techniques and shows that the immuno-affinity LCMS 
assay provides equivalent results to the ELISA in this case while 
the IA-LCMS assay had the advantage of a wider linear dynamic 
range and required no sample pre-dilution. Although not 
explored in this study the LCMS method can be used to do 
simultaneous quantitation of antibody catabolism from the same 
sample set.

Figure 7. The calibration curve and calibration curve statistics from 
the rat study sample batch processed.

Figure 8. Average rituximab sample concentration (4 rats) as 
measured by an ELISA assay (QPS) and the BioBA automated 
sample processing protocol.

Figure 6. Example chromatograms of the LLOQ standard and 
double blank sample processed using the automated BioBA 
protocol.
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QC sample of rituximab 3.25 µg/mL was prepared in rat plasma 
and 50 µL was aliquoted in 94 wells of a 96- well plate. The data 
in figure 5 represent the peak area ratio of a universal peptide
and its heavy labelled internal standard. The %CV across all
wells of the extracted plasma sample was 8.7%.

Figure 5. Reproducibility of the automated BioBA protocol as 
measured from the signature peptide peak area ratio of a single 
3.25 µg/mL rituximab plasma sample aliquoted to 94 wells of a 96-
deep well plate.

Finally, to demonstrate the power and utility of the automated 
protocol the validity of the method was tested on real study 
samples, not just QC samples. A study was commissioned with 
QPS to dose animals with rituximab. Samples were first 
analyzed by QPS using an ELISA method with a range of 100 to 
10 000 ng/mL and study samples were pre-diluted prior to 
analysis. After analysis by ELISA, samples were shipped to 
SCIEX for analysis using a universal signature peptide MRM.

Figure 6 shows the peaks from the LLOQ standard and double 
blank sample.  The signal to noise ratio was ~95, indicating 
excellent sensitivity.  Figure 7 shows the calibration curve and 
statistics from the sample batch.  Curve values ranged in 
accuracy from 92.4-108% of expected values and %CVs ranging 
from 0.8-12.6%.  The calibration curve showed excellent linearity 
as evidenced by an r value of 0.9985. Figure 8 shows the 

average sample concentration (4 rats) at each time point from 
measured using both techniques. The data from the rat dosing 
study show excellent agreement (<15%) between the two 
analytical techniques and shows that the immuno-affinity LCMS 
assay provides equivalent results to the ELISA in this case while 
the IA-LCMS assay had the advantage of a wider linear dynamic 
range and required no sample pre-dilution. Although not 
explored in this study the LCMS method can be used to do 
simultaneous quantitation of antibody catabolism from the same 
sample set.

Figure 7. The calibration curve and calibration curve statistics from 
the rat study sample batch processed.

Figure 8. Average rituximab sample concentration (4 rats) as 
measured by an ELISA assay (QPS) and the BioBA automated 
sample processing protocol.

Figure 6. Example chromatograms of the LLOQ standard and 
double blank sample processed using the automated BioBA 
protocol.
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QC sample of rituximab 3.25 µg/mL was prepared in rat plasma 
and 50 µL was aliquoted in 94 wells of a 96- well plate. The data 
in figure 5 represent the peak area ratio of a universal peptide
and its heavy labelled internal standard. The %CV across all
wells of the extracted plasma sample was 8.7%.

Figure 5. Reproducibility of the automated BioBA protocol as 
measured from the signature peptide peak area ratio of a single 
3.25 µg/mL rituximab plasma sample aliquoted to 94 wells of a 96-
deep well plate.

Finally, to demonstrate the power and utility of the automated 
protocol the validity of the method was tested on real study 
samples, not just QC samples. A study was commissioned with 
QPS to dose animals with rituximab. Samples were first 
analyzed by QPS using an ELISA method with a range of 100 to 
10 000 ng/mL and study samples were pre-diluted prior to 
analysis. After analysis by ELISA, samples were shipped to 
SCIEX for analysis using a universal signature peptide MRM.

Figure 6 shows the peaks from the LLOQ standard and double 
blank sample.  The signal to noise ratio was ~95, indicating 
excellent sensitivity.  Figure 7 shows the calibration curve and 
statistics from the sample batch.  Curve values ranged in 
accuracy from 92.4-108% of expected values and %CVs ranging 
from 0.8-12.6%.  The calibration curve showed excellent linearity 
as evidenced by an r value of 0.9985. Figure 8 shows the 

average sample concentration (4 rats) at each time point from 
measured using both techniques. The data from the rat dosing 
study show excellent agreement (<15%) between the two 
analytical techniques and shows that the immuno-affinity LCMS 
assay provides equivalent results to the ELISA in this case while 
the IA-LCMS assay had the advantage of a wider linear dynamic 
range and required no sample pre-dilution. Although not 
explored in this study the LCMS method can be used to do 
simultaneous quantitation of antibody catabolism from the same 
sample set.

Figure 7. The calibration curve and calibration curve statistics from 
the rat study sample batch processed.

Figure 8. Average rituximab sample concentration (4 rats) as 
measured by an ELISA assay (QPS) and the BioBA automated 
sample processing protocol.

Figure 6. Example chromatograms of the LLOQ standard and 
double blank sample processed using the automated BioBA 
protocol.
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图5. 采用鼠血浆样品特征肽段峰面积比测定自动化BioBA方法的重现性

（在96孔板的94孔中加入3.25 µg/mL溶于血浆的rituximab样品。） 图8. 采用ELISA试验（QPS）和BioBA自动化样品处理方法测定的rituximab
的平均浓度变化趋势（四只大鼠）。

图6. 自动化BioBA方法分析LLOQ标准样品和双空白样品的谱图示例。

图7. 各批次大鼠给药实验的标准曲线和标准曲线结果统计。

图6所示为LLOQ标准样品和双空白样品的谱峰，信噪比为

95，说明灵敏度优异。图7所示为不同批次样品的标准曲线和统计

数据。准确度为92.4-108%, CV值0.8-12.6%。标准曲线的r值为

0.9985，线性良好。
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