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简化工作流程，助您高效实现：

抗体-药物偶联物（ADC）

• 药物偶联比（DAR）测定 

• 药物结合位点测定

表征ADC分子量，电荷分布呈现出高质
量的高斯分布。

使用SWATH®采集技术并通过BioPharmaView™
软件可对任何修饰同时进行定性定量分析。

快速、准确地定位二硫键，简化您的数据分析

高效去卷积，保证各个亚型的高质量准
确度及ADC药物状态。

快速自动计算ADC药物载量和DAR值。

肽谱图

• 序列覆盖

• 自动定位二硫键

翻译后修饰

• 糖基化、脱酰胺化、氧化

• 末端剪切
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工艺相关杂质：HCP

产品相关杂质

• 使用CE-SDS可检测和定量低至0.01%

的分子大小变异体杂质；

• 高分离度cIEF进行酸碱峰含量分析；

• 采用CESI-MS进行全面的单克隆抗体电

荷变异体、纯度和分子量分析工作。

全景式SWATH®采集

• TripleTOF®系统结合全景式SWATH®采

集方法，可以助您鉴定和定量低含量

HCPs，甚至包含预先未知的HCP。

高分辨率，灵敏度和速度



检测源自一种治疗性单抗的一组糖肽。

使用特定的 M R M 标记离子对源自抗体消化物的 
TKPREEQYNSTYR_Man-7 糖肽进行靶向分析的示例。

使用 C100HT 生物制品分析系统，
轻松筛查大量样品

完整蛋白水平检测低丰度英夫利昔单抗糖蛋
白形态。

使用高分辨质谱对糖蛋白进行全面表征

在最短的时间内对糖基进行分析

糖基化分析

完整糖蛋白分析 糖肽分析

靶向糖肽检测和定量

完整糖蛋白分析，快速获得
蛋白主要的糖基化类型及相
对含量方面的信息。

在 QTRAP LC-MS 系统上鉴定和定量特定的糖肽，并使用特定的
靶向 MRM 离子对增强选择性。

糖肽分析，获取糖基化位点以及该

位点下糖基化异质性方面的信息。

在高分辨率、高质量精度的
QTOF LC-MS 系统上，分别在
完整糖蛋白水平和糖肽水平进
行糖基化的表征。

SCIEX 屡获殊荣的快速糖基标记及分析技术通过样品

前处理，帮助您从完整蛋白快速获取糖基

• 一小时即可制备多个样品

• 采用自动化工作站，可在两小时内制备 96 个样品
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糖基化分析

BioPharmaView™软件

BiopharmaView实现一站式MAM解决方案

不同批次妥珠单抗比对显示糖型变化2

表征产品属性、

定义各项属性的

可接受范围并建

立标准实施方法

通过精确质量数 

LC-MS 分析进行

属性追踪

可对每个位点的修

饰进行自定义、自

动化定量，方便查

看结果

检测并追踪已知

杂质的浓度

内置的新峰检测

功能可查找并标

记未指定的杂质

能以多种输出格

式生成自定义

报告，简化信

息传输

识别 PQA 追踪 PQA 定量 PQA 监测已知杂质 纯度检测 报告

2

生物 PQA 评估
LC-MS MAM 
工作流程 SEC CEX

CE- 
SDS

HILIC ELISA

脱酰胺作用

糖化

高甘露糖

甲硫氨酸氧化

信号肽

糖基化

CDR 色氨酸降解

C 端赖氨酸

错误掺入

C 端酰胺化

岩藻糖基化

残留蛋白 A

宿主细胞蛋白

聚集体

半胱氨酸加合物评估

轻松方便的设定蛋白
序列和处理参数

 一站式解决您全部的生物药物表征分析需求。
数据处理速度之快，超出您想象！

在完整蛋白层面快速自动化处理不同翻译
后修饰的比例。

单次酶切处理，单针进样，获得100%序
列覆盖度和所有翻译后修饰信息。

通过智能的可视化工
具，从您的数据在解析
出重要的结果和信息

简单便捷的添加药物Linker
和偶联等自定义修饰
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前言

对于药物研究机构的研究人员来说，他们总是希望

能在最短的时间内获得尽可能全面的产品质量属性方面

的信息。在生物制药领域，蛋白质药物分子量的测定是

监控产品质量属性的关键步骤，从生物药早期的开发一

直到生产阶段的QC放行，快速、准确的测定蛋白质药物

的分子量就显得至关重要。对于生物大分子分析，飞行

时间质谱的优势在于质荷比范围宽，理论上没有上限，

除此之外能提供高分辨率以及非常宽的动态范围，因此

飞行时间高分辨质谱是生物药分析的不二之选。在本文

中我们将展示SCIEX TripleTOF® 6600高分辨质谱平台在完

整蛋白分析方面的优势。

在选择质谱平台进行完整蛋白分子量测定的时候，

其中一个最重要的指标就是单次扫描谱图内的动态范

围。SCIEX TripleTOF®飞行时间高分辨质谱在维持高分辨

率的同时并不会损失动态范围，单次扫描仍能够获得4-5

个数量级的动态范围，在完整蛋白分子量测定的时候，

使用先进的TripleTOF®高分辨质谱平台进行完整蛋白分析

 Zoe Zhang1, Sibylle Heidelberger2

1 SCIEX, USA, 2 SCIEX, Canada 

RUO-MKT-02-6928-ZH-B
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Routine and Enhanced Intact Mass Analysis without 
Compromise on TripleTOF® Systems 
Zoe Zhang1, Sibylle Heidelberger2 
1SCIEX, USA, 2SCIEX, Canada 
 
The goal of any pharmaceutical organization is to get the best 
possible product quality in the shortest time possible. In 
biopharma, being able to routinely and accurately measure intact 
protein mass from early development to QC is important as a 
step for monitoring product quality. Time-of-Flight systems 
operate at high resolution and have both an unrestricted mass 
range, as well as a wide dynamic range to simultaneously detect 
low and high abundance isoforms. These attributes have made 
TOF MS platforms the analytical system of choice for 
biotherapeutic development and production. In this study, the 
capabilities of the SCIEX TripleTOF 6600 system are 
demonstrated, which introduces the next generation analytical 
technology for intact mass analysis of biologics. 

One of the most important characteristics when selecting a mass 
spectrometry platform for intact protein determination is the 
interscan linear dynamic range. TripleTOF Systems do not 
sacrifice dynamic range for resolution, maintaining a dynamic 
range of 4 to 5 orders of magnitude. This allows the detection of 
a wide variety of low abundance isoforms at the same time as 
major isoforms, with no loss of fidelity. 

Key Feature of TripleTOF® Systems 
 High dynamic range of TripleTOF Systems can capture both 

high- and low-abundance molecular isoforms. 

 BioPharmaView™ Software balances power and simplicity; 
bringing routine molecular weight analysis of proteins by mass 
spectrometry to all laboratories.  

 Customizable processing parameters can be used to optimize 
analysis based on heterogeneity and complexity of the 
molecules. 

 Simple and intuitive display shows the right amount of detail 
with visual simplicity for the analyst. 

Deconvolution and Addressing High Mass 
It is impossible to directly measure accurate mass based on the 
carbon 12 isotope of large, multiple-charged ions when the 
dynamic range between and the isotopes of lowest and highest 
intensity are beyond the limits of detection. For larger, 
heterogenous species, generally 15 kDa or above, average 
molecular weight is often reported. Almost all software 
deconvolution tools today use a system of iteration to determine 
when the modeled peak shape fits the raw data, and compares 
the end result to the original spectra to determine the number of 
optimal “iterations.” Additionally, software deconvolution has  

 

 
 

 

 

 
Figure 1: Intact Electrospray Ionization mass Spectrum of a NIST 
mAb over a Wide m/z Range. The multiplicity of charge states 
makes this data challenging to process visually. 
图1. NIST单抗完整蛋白电喷雾离子化原始质谱图，完整蛋白呈现多电

荷态，跨越非常宽的质荷比范围，难以人工计算蛋白的分子量。 

除了主要的蛋白变体之外，同时能检测到低丰度的蛋白

质的修饰变体，不会丢失任何有价值的信息。

TripleTOF®高分辨质谱在完整蛋白分析方面的
优势：

• TripleTOF®高分辨质谱的动态范围宽，单次扫描能同时

检测蛋白分子的高丰度和低丰度的变异体

• BioPharmaView™ 数据处理软件功能强大，操作简

便，对于所有的实验人员都能快速获得蛋白分子量分

析的结果

• 数据处理参数可扩展，针对不同的蛋白质分子，用户

可以优化数据处理参数以获得最佳的实验结果

• 数据展示更直观，便于用户快速获得准确的实验结果
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图2. NIST单抗完整蛋白分子量测定放大图，在未经处理的原始谱图中

能同时检测到低丰度和高丰度的蛋白变体。

图3. NIST单抗原始谱图经过度处理后的结果，经处理后突现了主要的

蛋白变体，峰的分离度有明显提高。这种数据处理方法能简化数据，

但是会改变蛋白组分的相对丰度，在出具报告的时候需谨慎。

图4. NIST抗体原始谱图未经处理的去卷积结果，数据结果展示了主要

的蛋白变体的分子量，低丰度蛋白变体也清晰可见。
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become critical to making the process routine and minimizing the 
parameters to optimize. Overall, greater application of 
smoothing, background subtraction, and a large number of 
iterations will lead to a more simplified visualization. This is likely 
to help the reviewer, but there can be a risk of obscuring low 
abundance isoforms. In this application, the capabilities of 
SCIEX TripleTOF 6600 system provide both levels of information 
without compromise. This capability also means that the user 
does not have to adjust resolution settings, or repeat analysis 
because all of the data is already available for processing. 

Figures 1 and 2 show the raw data for a monoclonal antibody, 
with an intact molecular weight measurement of ~148 kDa. 
Figure 1 shows the mAb detected over a wide m/z range, with 
the multiplicity of charge states. Figure 2 is the zoomed in view 
of the non-processed raw spectra, displaying both the major 
isoforms as well as many of the minor species. The peak ratios 
are maintained, and relative proportions of the isoforms can be 
estimated. Figure 3 shows the same spectrum with baseline 
subtraction and Gaussian smoothing parameters applied. The 

heavily processed view is greatly simplified by comparison to the 
unprocessed view, as well as displaying a baseline separation. 
Although this might offer a simpler visual data representation, it 
runs the risk of omitting some minor details. However, under 
both conditions, the same average molecular weight 
determination can be made without recourse to changes in 
instrument settings (Figures 4-5). The data in this study was all 
acquired within the original run and without compromising 
quality. An organization can feel confident that they are capturing 
low-level isoforms with the wide dynamic range of the TripleTOF 
6600 System. This additional dynamic range will allow an 
organization to see deeper into the structure of each potential 
therapeutic molecule at the intact mass level and allow additional 
screening capabilities before needing to resort to time 
consuming peptide mapping techniques. This assay can be 
linked to multiple separations techniques and the processing 
automated using BioPharmaView Software (Figure 6), allowing 
for fast, easy, and reproducible determination of molecular 
weight of both high and low abundance protein isoforms. 

Note that some of the low level isoforms are obscured by 
processing. 

 
Figure 2: Zoomed View of the Intact NIST mAb. All major isoforms 
are visible, as well as a number of smaller isoforms from the non-
processed data.  

 

 
Figure 3: ‘Heavily’ Processed Intact NIST mAb Data to Simplify 
the Spectrum to the Major Species and Separate the Peaks as far 
as is amenable. This data processing is not generally used for 
average molecular weight reporting, but may be used to simplify 
visualization. It is clear that the relative ratios of some peaks are 
different from the unprocessed raw data.  

 
Figure 4: Deconvolution Spectrum of the Unprocessed Data. From 
Figures 1-2, the average masses of detectable isoforms of NIST mAb 
are shown. Note that many low-level isoforms are easily detectable.  

 

 
Figure 5: Deconvolution Spectrum from Processed Data.  
Deconvolution of the processed data from Figure 3, showing the 
average masses of many of the detectable isoforms of NIST mAb.  
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Figure 5: Deconvolution Spectrum from Processed Data.  
Deconvolution of the processed data from Figure 3, showing the 
average masses of many of the detectable isoforms of NIST mAb.  

蛋白去卷积和分子量测定

对于蛋白大分子来说，同位素峰的重心会向高质量

端偏移，分子量越大，单同位素峰的丰度越低，对于蛋

白质药物来说，分子量通常在150000以上，这时候单同

位素峰已经检测不到，因此蛋白分子量测定最终结果报

告的都是平均分子量。目前所有的去卷积的软件都是通

过迭代的方法测定蛋白的分子量，可以通过比对最终结

果和原始谱图蛋白的峰型确定最佳的迭代次数。蛋白去

卷积参数设置会最终影响实验结果，通常来说，对原始

数据进行平滑、扣除背景噪音以及增加迭代次数等操作

会使最终结果变的简单，方便实验人员快速锁定高分度

的蛋白变体，但是潜在的风险是会掩盖一些低丰度蛋白

变体的信息，造成部分有价值的信息的遗漏。在本应用

文档中，我们将展示SCIEX TripleTOF® 6600高分辨质谱

平台同时获得高丰度和低丰度蛋白质变体的能力，用户

无需再进行过多的去卷积参数的优化和重复分析。

图1和图2展示的是一个分子量在148000左右的单克

隆抗体完整蛋白分子量测定的结果，图1显示抗体在质

谱图上呈现多电荷的状态，跨越了非常宽的质荷比的范

围。图2显示的是未经任何处理的原始谱图的放大图，从

蛋白单个电荷态原始谱图中，可以同时检测到蛋白高丰

度和低丰度的蛋白的变体，可以通过峰面积基峰计算每

一种蛋白变体的相对含量。

图3展示的是将原始数据进行基线扣除和高斯平滑

后的结果，原始数据经过度处理后变的简单，所有的峰

都达到了基线分离，但是会丢失一些低丰度的蛋白变体

的信息。尽管原始谱图经过处理前后都能获得一致的平

均分子量的测定结果，但是对于SCIEX TripleTOF® 6600

的用户来说，无需对原始谱图进行任何处理就可以得到

准确、全面的分析结果。SCIEX TripleTOF® 6600高分辨

质谱平台有非常宽的动态范围，可以帮助实验人员在完

整蛋白水平上深度、全面的检测可能的蛋白变体，特别

是一些低丰度的翻译后修饰，不需要使用耗时耗力的肽

图分析技术。完整蛋白分子量测定时质谱可以与多种色

谱分离模式联用（反相、体积排阻、亲水作用等），配

合BioPharmaView™数据处理软件，可以确保快速、准

确、重复的获得蛋白高丰度和低丰度翻译后修饰方面的

信息。
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结论

完整蛋白分子量的测定是生物药表征和质量控制

的第一步，在SCIEX TripleTOF® 6600高分辨质谱平台能

同时获得高分辨率、高灵敏度和4-5个数量级的动态范

围，可以确保实验人员在获得主要的蛋白变体的分子量

信息的同时检测到低丰度的蛋白翻译后修饰，获得全面

的生物药的质量属性方面的信息。先进的质谱平台配

合BioPharmaView™数据处理软件可以确保实验人员快

速、可重现的获得准确的实验结果。

 

p 3 
 

Conclusions 
Screening of intact protein mass is a fast first step towards 
characterization and monitoring of biologics. Using the TripleTOF 
6600 system for data acquisition gives high resolution, high 
sensitive data which has 4-5 inter-scan linear dynamic range, 
ensuring that the lowest abundant protein species are identified 
while maintaining mass accuracy on the major protein forms. 
Couple high resolution, mass accurate data with software like 
BioPharmaView Software, gives you fast, reproducible and 
accurate results from a single sample to a batch list into a final 
report.  

 

 

 

 

 

 

 
Figure 6: Deconvolution of the Unprocessed Raw Data using BioPharmaView Software. This 
automated solution allows for batch sample processing and sample comparisons, accelerating your analysis 
time.  
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图6. 使用BioPharmaView™软件对未经处理的原始谱图去卷积的分子量测定结果，软件可以全自动的进行样

品批处理和可视化比对，节省数据分析时间。

图5. NIST抗体原始谱图处理后的去卷积结果，原始谱图经过度处理

（图3），显示主要的蛋白变体的平均分子量。注意：原始谱图过度处

理会掩盖低丰度的蛋白变体，丢失部分有价值的信息。
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become critical to making the process routine and minimizing the 
parameters to optimize. Overall, greater application of 
smoothing, background subtraction, and a large number of 
iterations will lead to a more simplified visualization. This is likely 
to help the reviewer, but there can be a risk of obscuring low 
abundance isoforms. In this application, the capabilities of 
SCIEX TripleTOF 6600 system provide both levels of information 
without compromise. This capability also means that the user 
does not have to adjust resolution settings, or repeat analysis 
because all of the data is already available for processing. 

Figures 1 and 2 show the raw data for a monoclonal antibody, 
with an intact molecular weight measurement of ~148 kDa. 
Figure 1 shows the mAb detected over a wide m/z range, with 
the multiplicity of charge states. Figure 2 is the zoomed in view 
of the non-processed raw spectra, displaying both the major 
isoforms as well as many of the minor species. The peak ratios 
are maintained, and relative proportions of the isoforms can be 
estimated. Figure 3 shows the same spectrum with baseline 
subtraction and Gaussian smoothing parameters applied. The 

heavily processed view is greatly simplified by comparison to the 
unprocessed view, as well as displaying a baseline separation. 
Although this might offer a simpler visual data representation, it 
runs the risk of omitting some minor details. However, under 
both conditions, the same average molecular weight 
determination can be made without recourse to changes in 
instrument settings (Figures 4-5). The data in this study was all 
acquired within the original run and without compromising 
quality. An organization can feel confident that they are capturing 
low-level isoforms with the wide dynamic range of the TripleTOF 
6600 System. This additional dynamic range will allow an 
organization to see deeper into the structure of each potential 
therapeutic molecule at the intact mass level and allow additional 
screening capabilities before needing to resort to time 
consuming peptide mapping techniques. This assay can be 
linked to multiple separations techniques and the processing 
automated using BioPharmaView Software (Figure 6), allowing 
for fast, easy, and reproducible determination of molecular 
weight of both high and low abundance protein isoforms. 

Note that some of the low level isoforms are obscured by 
processing. 

 
Figure 2: Zoomed View of the Intact NIST mAb. All major isoforms 
are visible, as well as a number of smaller isoforms from the non-
processed data.  

 

 
Figure 3: ‘Heavily’ Processed Intact NIST mAb Data to Simplify 
the Spectrum to the Major Species and Separate the Peaks as far 
as is amenable. This data processing is not generally used for 
average molecular weight reporting, but may be used to simplify 
visualization. It is clear that the relative ratios of some peaks are 
different from the unprocessed raw data.  

 
Figure 4: Deconvolution Spectrum of the Unprocessed Data. From 
Figures 1-2, the average masses of detectable isoforms of NIST mAb 
are shown. Note that many low-level isoforms are easily detectable.  

 

 
Figure 5: Deconvolution Spectrum from Processed Data.  
Deconvolution of the processed data from Figure 3, showing the 
average masses of many of the detectable isoforms of NIST mAb.  
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在X500B QTOF质谱平台上同位素分辨抗体亚基

 Fan Zhang2, Sean McCarthy1

1 SCIEX, MA, USA, 2 SCIEX, CA USA 

前言

使用高分辨质谱进行蛋白亚基的分析是生物药开发

过程中常用的分析技术。相对于完整蛋白分析，蛋白亚

基在色谱上更容易获得好的分离效果，质谱分析的灵敏

度也更高。近年来，随着质谱分辨率的不断提升，在蛋

白亚基分子量测定时获得同位素峰分辨率能提高定性分

析的准确度。SCIEX X500B QTOF是专门为生物药表征而

设计的高分辨质谱平台，在完整蛋白分析、亚基分析以

及肽图分析等生物药分析流程方面均能获得高质量的数

据。在本技术文档中我们将展示使用SCIEX X500B QTOF

高分辨质谱进行Ides酶切后抗体的亚基分子量分析，对

于分子量相近的蛋白或者蛋白亚基分子量测定时能获得

同位素峰的分辨，我们将展示如何优化质谱以及数据处

理参数获得高质量的数据结果。

X500B QTOF高分辨质谱平台的技术优势

• 分辨率高，能满足不同层次生物药表征的需求

• 在蛋白亚基分子量测定时能获得同位素峰分辨

• 紧凑型台式质谱仪，节省实验室空间

• 硬件和软件重新设计，接受度高，适合于不同层次的

用户

实验条件和方法

样品前处理

NIST单抗首先经Ides（V7511，普洛麦格）酶切，在

磷酸盐缓冲溶液中，1U的蛋白酶可以酶切1微克的蛋白

RUO-MKT-02-8241-ZH-A

图1. NIST单抗轻链理论和实际检测分子量对比。
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Isotopic Resolution of Chromatographically Separated IdeS 
Subunits Using the X500B QTOF System 
Fan Zhang2, Sean McCarthy1 
1SCIEX, MA, USA, 2SCIEX, CA USA 
 
Analysis of protein subunits using high resolution mass 
spectrometry (HRMS) is commonly performed during the 
development of biotherapeutics. In comparison to intact mass 
analysis, subunit level approaches offer greater ability to 
chromatographically separate subunits and improved sensitivity 
to detect and quantify a wide range of post translational 
modifications.  

Recently for subunit analysis there has been a drive towards 
collection of mass spectrometric data which has been 
isotopically resolved to provide greater confidence in peak 
identification. The X500B QTOF is specifically designed for 
generation of high quality data across a number of 
biopharmaceutical workflows including intact mass, subunit and 
peptide analysis for a wide range of therapeutic modalities.  

Presented in this technical note is the use of the SCIEX X500B 
QTOF System for confirmation of antibody subunits generated 
by digestion with IdeS. This molecule is used as an example of 
the resolution possible on this platform for proteins or their 
subunits within a similar mass range. Mass spectrometric and 
data processing parameters to achieve high quality data are 
presented and discussed.  

 

Key Feature of X500B QTOF Solution 
• High resolution mass spectrometer for a wide range of 

biopharmaceutical  applications 

• Isotopically resolved subunit analysis by HRMS 

• Compact benchtop footprint reduces laboratory space 
requirements  

• Easy to use hardware and software accessible for a wide 
range of users 

  

 

 

Figure 1. Comparison of Theoretical and Experimental Reconstructed Light Chain Spectra from IdeS Digested NIST Antibody.  
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质，酶切反应在37度水浴中进行1个小时。酶切后的样

品进一步使用TCEP还原，样品处理完成后直接进行液质

分析，进样量为5微升。

色谱条件

色谱分离在岛津ExionLC™液相色谱系统上进行，

色谱柱使用安捷伦PLRP-S（2.1mm×50mm, 300Å, 

5 μm），柱温为80摄氏度，色谱梯度如表1所示。流动

相A是纯水加0.1%甲酸，流动相B是乙腈加0.1%甲酸。

RUO-MKT-02-8241-ZH-A
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Methods 
Sample Preparation:  

IdeS reduced NISTmAb was first digested with IdeS protease 
(Cat V7511, Promega) following the protocol from Promega. 
Briefly, 1 unit of IdeS protease was incubated with 1 µg of IgG at 
37°C for 1h in PBS. The resultant sample was further reduced 
with TCEP using the above protocol. 5 µl samples were 
subjected to LC-MS analysis. 

 

Chromatography:  

Separation was accomplished using a Shimadzu ExionLC™ 
System fitted with an Agilent PLRP-S column (2.1mm X 50mm, 
300Å, 5µm) at 80°C using the gradient shown in Table 1. Mobile 
phase A was 0.1% formic acid in water and mobile phase B was 
0.1% formic acid in acetonitrile. 

 

Mass Spectrometry: 

A SCIEX X500B Mass Spectrometer with a Turbo V™ Source 
was used for data acquisition. Data was acquired using TOF-MS 
mode with intact protein mode (IPM) turned off. MS instrument 
conditions are listed in Table 2. 

 

 

 

Data Processing:  

Data were processed using SCIEX OS software 1.4.0.18067 and 
Bio Tool Kit software 1.0. Reconstruction parameters are shown 
in Table 3 

 

 

 

 

Table 1. LC Gradient Conditions  

Time (min %A %B 
Flow Rate 
ml/min DisplayText cannot span more than one line! 

Initial 75 25 0.25 x 

3.0 75 25 0.25 x 

9.0 10 90 0.25 x 

11.4 10 90 0.25 x 

11.5 75 25 0.25  

17.0 75 25 0.25 x 

 

Table 2. MS Parameters.  

Parameter  Setting   DisplayText cannot span more than one line! 

Scan Mode Positive   x 

GS1 50   x 

GS2 50   x 

Curtain Gas 35   x 

Temperature 400°C    

Ion Spray Voltage 5000 V    

Time Bins to Sum 6    

Accumulation Time (ms) 0.5 sec    

TOF Start Mas (Da) 400    

TOF Stop Mas (Da) 3000    

Declustering Potential 150.0    

Collision Energy 10   x 

 

Table 3. Reconstruction Parameters.  

Parameter  Setting    

Start Mass 
Fc  25000 Da 
LC  22600 Da 
Fd  25200 Da 

  x 

Stop Mass 
Fc  26000 Da 
LC  23600 Da 
Fd  26200 Da 

  x 

Step Mass 0.05 Da   x 

Input Spectrum Isotope Resolution 30000   x 
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表1. 液相色谱分离梯度表。

质谱条件

质谱分析使用配备Turbo V离子源的SCIEX X500B高

分辨质谱，数据采集使用的是TOF-MS采集模式，关闭完

整蛋白功能。质谱采集参数如表2所示。

数据处理

数据处理使用SCIEX OS软件和Bio Tool Kit软件。蛋

白亚基去卷积参数如表3所示。

 结果与讨论

单克隆抗体经Ides酶切和TCEP还原后，生成三种分

子量相近的片段，分别为轻链，Fc/2和Fd三种亚基。Ides

蛋白酶在第一次被报道处理单克隆抗体之后就获得了广

泛的关注[1]。相对于完整蛋白分析，Ides酶切生成的抗体

片段能显著降低样品的复杂程度，相对于肽图分析，样

品前处理和数据分析更为简便。单抗样品经Ides酶切后

生成的三种亚基片段的分子量都在25000左右，使用高

分辨质谱进行分子量测定时能达到同位素峰的分辨，相

对于完整蛋白分子量测定，蛋白亚基水平分子量测定的

准确度要更高。图2-4展示的是NIST单抗经Ides酶切后三

种亚基片段分子量测定结果，每一种片段都能达到同位

素峰分辨，实验结果与之前文献报道结果一致[2]。

为了验证数据结果的准确性，我们根据NIST单抗

轻链的元素组成模拟了轻链的理论分子量的质谱图，

理论质谱图和实际观测的质谱图使用相同的分辨率

（30000），图1展示的是轻链理论模拟的质谱图和实际

观测质谱图对比，实验观测分子量的结果（蓝线）与理

论模拟的分子量测结果（绿线）的匹配度非常高。

NIST单抗经Ides酶切后生成的三个亚基的单同位素峰

由于丰度太低而不能被检测到，这个结果也与之前的文

献报道结果一致[2]。在这种情况下，我们使用实际观测

到的可分辨的同位素峰与之相对应的理论同位素峰的分

子量进行比较来验证分析结果的准确度，分析结果如表4

所示，实际观测到的可分辨的同位素峰和与之对应的理
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Results and Discussion 
IdeS digestion and reduction of a therapeutic monoclonal 
antibody results in three roughly equivalent mass fragments 
which correspond to the Fc/2, light chain, and Fd fragments of 
the monoclonal antibody. This digestion strategy has gained 
significant attention since it was first reported for use on 
therapeutic monoclonal antibodies.1 In particular, IdeS digestion 
serves to reduce overall sample complexity compared to intact 
mass measurement and reduces the complexity of sample 
preparation and data interpretation frequently associated with 
peptide mapping experiments.  

 

Decreasing sample using and IdeS digest enables greater 
interrogation of the protein subunit when compared to intact 
mass analysis. As each fragment generated is around 25 kDa it 
is possible to generate isotopically resolved spectral data for 
each component. As shown in Figures 2-4, under the conditions 
described, isotopically resolved spectra for each subunit were 
obtained with major relevant features observed compared to 
previous reports2    

 

 

Figure 2. Reconstructed Spectrum for Fc/2 Fragment of NISTmAb Standard Digested with IdeS. 

 

 

Figure 3. Reconstructed Spectrum for Light Chain of NISTmAb Standard Digested with IdeS and Reduction. 
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To verify the quality of our data, we generated a theoretical 
spectrum based on the elemental composition of the light chain 
of the NISTmAb standard. The theoretical spectrum was 
modeled to generate a continuous spectrum with the same 
resolution used for reconstruction of the experimental data, ca. 
30,000. As shown in Figure 1, excellent agreement of 
experimental (blue trace) and theoretical (green trace) was 
achieved.  

Finally, consistent with previous reports2, the monoisotopic mass 
for any species observed is not clearly evident as its abundance 
is too low in intensity to accurately define. In this case, we 
verified the mass accuracy of our measurement by comparison 
of theoretical isotopic masses to those observed experimentally 
for the light chain. Shown in Table 4 are the theoretical and 
observed reconstructed masses for each isotope clearly visible 
in the data. The average error across the light chain was 3.46 
PPM highlighting the high mass accuracy with which subunit 
data can be characterized with the X500B QTOF system.  

Conclusions 
• Isotopically resolved IdeS subunit analysis on the X500B 

QTOF system provides accurate assessment of post 
translational modification with high mass accuracy. 

• Strong agreement of theoretical and experimental spectral 
data for subunits is achieved. 

• Presented data is highly consistent with previous reports.  

 

 

 

 

Figure 4. Reconstructed Spectrum for Fd of NISTmAb Standard Digested with IdeS and Reduction. 

 

Table 4. Theoretical and Observed masses for light chain with 
corresponding PPM values.  

Theoretical Observed PPM   

23118.318 23118.222 -4.13   

23119.320 23119.222 -4.25   

23120.323 23120.226 -4.19   

23121.325 23121.237 -3.82   

23122.328 23122.238 -3.89   

23123.330 23123.25 -3.48   

23124.333 23124.256 -3.33   

23125.335 23125.257 -3.39   

23126.338 23126.255 -3.58   

23127.340 23127.257 -3.60   

23128.343 23128.264 -3.40   

23129.345 23129.267 -3.37   

23130.347 23130.273 -3.22   

23131.350 23131.277 -3.14   

23132.352 23132.281 -3.07   

23133.354 23133.292 -2.70   

23134.357 23134.291 -2.84   

23135.359 23135.294 -2.81   

 AVERAGE 3.46   
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Results and Discussion 
IdeS digestion and reduction of a therapeutic monoclonal 
antibody results in three roughly equivalent mass fragments 
which correspond to the Fc/2, light chain, and Fd fragments of 
the monoclonal antibody. This digestion strategy has gained 
significant attention since it was first reported for use on 
therapeutic monoclonal antibodies.1 In particular, IdeS digestion 
serves to reduce overall sample complexity compared to intact 
mass measurement and reduces the complexity of sample 
preparation and data interpretation frequently associated with 
peptide mapping experiments.  

 

Decreasing sample using and IdeS digest enables greater 
interrogation of the protein subunit when compared to intact 
mass analysis. As each fragment generated is around 25 kDa it 
is possible to generate isotopically resolved spectral data for 
each component. As shown in Figures 2-4, under the conditions 
described, isotopically resolved spectra for each subunit were 
obtained with major relevant features observed compared to 
previous reports2    

 

 

Figure 2. Reconstructed Spectrum for Fc/2 Fragment of NISTmAb Standard Digested with IdeS. 

 

 

Figure 3. Reconstructed Spectrum for Light Chain of NISTmAb Standard Digested with IdeS and Reduction. 

图2. NIST单抗经Ides酶切

后Fc/2片段的去卷积分子

量结果。

图3. NIST单抗经Ides酶切

后轻链片段的去卷积分子

量结果。

图4. NIST单抗经Ides酶切

后Fd片段的去卷积分子量

结果。
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结论

• 使用X500B高分辨质谱平台对经Ides酶切后的单抗的

亚基分子量测定时能达到同位素峰分辨的效果，在鉴

定蛋白翻译后修饰方面准确度更高。

• 蛋白亚基分子量测定时，理论模拟与实际观测到的结

果的匹配度非常高。

• 使用X500B进行蛋白亚基分子量的测定结果与之前文

献中报道的结果一致。
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To verify the quality of our data, we generated a theoretical 
spectrum based on the elemental composition of the light chain 
of the NISTmAb standard. The theoretical spectrum was 
modeled to generate a continuous spectrum with the same 
resolution used for reconstruction of the experimental data, ca. 
30,000. As shown in Figure 1, excellent agreement of 
experimental (blue trace) and theoretical (green trace) was 
achieved.  

Finally, consistent with previous reports2, the monoisotopic mass 
for any species observed is not clearly evident as its abundance 
is too low in intensity to accurately define. In this case, we 
verified the mass accuracy of our measurement by comparison 
of theoretical isotopic masses to those observed experimentally 
for the light chain. Shown in Table 4 are the theoretical and 
observed reconstructed masses for each isotope clearly visible 
in the data. The average error across the light chain was 3.46 
PPM highlighting the high mass accuracy with which subunit 
data can be characterized with the X500B QTOF system.  

Conclusions 
• Isotopically resolved IdeS subunit analysis on the X500B 

QTOF system provides accurate assessment of post 
translational modification with high mass accuracy. 

• Strong agreement of theoretical and experimental spectral 
data for subunits is achieved. 

• Presented data is highly consistent with previous reports.  

 

 

 

 

Figure 4. Reconstructed Spectrum for Fd of NISTmAb Standard Digested with IdeS and Reduction. 

 

Table 4. Theoretical and Observed masses for light chain with 
corresponding PPM values.  

Theoretical Observed PPM   

23118.318 23118.222 -4.13   

23119.320 23119.222 -4.25   

23120.323 23120.226 -4.19   

23121.325 23121.237 -3.82   

23122.328 23122.238 -3.89   

23123.330 23123.25 -3.48   

23124.333 23124.256 -3.33   

23125.335 23125.257 -3.39   

23126.338 23126.255 -3.58   

23127.340 23127.257 -3.60   

23128.343 23128.264 -3.40   

23129.345 23129.267 -3.37   

23130.347 23130.273 -3.22   

23131.350 23131.277 -3.14   

23132.352 23132.281 -3.07   

23133.354 23133.292 -2.70   

23134.357 23134.291 -2.84   

23135.359 23135.294 -2.81   

 AVERAGE 3.46   

 

RUO-MKT-02-8241-ZH-A

论的同位素峰的分子量的平均质量偏差为3.46 ppm，结

果显示使用X500B QTOF高分辨质谱进行蛋白亚基分子量

测定时能获得非常高的准确度。
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生物药分析解决方案                                                    

抗体-药物偶联物的完整分析

使用台式X500B QTOF质谱仪分析曲妥珠单抗-恩他辛抗体-药物偶联物 
Intact Analysis of Antibody Drug Conjugates
Trastuzumab Emtansine Analysis using Benchtop X500B QTOF Mass Spectrometer

Wen Jin1, Suya Liu1, Doug Simmons1, Ian Moore1, Sean McCarthy2 and Sibylle Heidelberger1

71 Four Valley Dr. Concord, ON L4K 4V8, Canada
500 Old Connecticut Path, Framingham, MA, 01701, USA

引言

抗体-药物偶联物（ADCs）是一类新兴的生物治疗

药物。这些药物采用特定的连接子将抗体和小分子细胞

毒药物连接起来，因而ADCs既具有单克隆抗体的靶向

特异性，又可以通过细胞毒性分子有效杀死目标感染细

胞。然而ADCs的结构组成非常复杂，在分析表征过程

中将会涉及到抗体主链和抗体上结合的细胞毒药物两个

部分的表征，其中药物抗体比（DAR值）的分析检测是

ADCs药物评估中重要指标。目前已经有研究表明，抗体

上结合药物的数量会显著影响ADCs的安全性和有效性，

因此必须开发有效的方法对其进行表征和监测[1-3]。

本文基于SCIEX公司推出的紧凑型X500B QTOF高分

辨质谱系统，提出了一种新型简便的ADCs分析方法来快

速准确地计算DAR值。该系统使用SCIEX OS软件进行数

据采集，并且搭配 BioPharmaView™ 2.0.1软件进行数据

处理，不仅可以对ADCs进行常规表征，也可以对ADCs

糖基化和去糖基化两种形态进行分析，分别得到准确的

DAR值。

实验部分

样品分为原始的含有糖基化的ADCs，以及使用

PNGase F酶 （New England BioLabs，Ipswich, MA, 

USA）脱去N-糖的脱糖ADCs，具体步骤参照PNGase F酶

的使用说明。

LCMS分析仪器配置： 台式X500B QTOF高分辨质

谱联接Exion LC™系统，并且搭载SCIEX OS操作系统。

表1列出了使用Exion LC™系统分离过程中使用的液

相色谱条件，表2列出了使用台式X500B QTOF高分辨

质谱分析过程中用到的各种参数。所得到的数据使用

BioPharmaView™软件进行从原始质谱图到完整蛋白分

子量的数据处理，并计算DAR值。
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Introduction

Antibody-drug conjugates (ADCs) are an emerging class of 
biotherapeutics. They offer the specificity of monoclonal 
antibodies while incorporating cytotoxic payloads to efficiently 
target and kill infected cells. By their nature, ADCs are highly 
complex as they use an antibody backbone which must be well
characterized. Adding to this complexity is conjugation of the 
cytotoxic payloads or drugs to the antibody. The number of drugs 
attached to the antibody has been shown to impact the safety 
and efficacy of the resulting ADC, and as such, must be 
characterized and monitored through development. [1-3]

Presented here is a streamlined approach for the analysis of 
ADCs to rapidly and accurately calculate the drug-to-antibody 
ratio (DAR). We will discuss the use of the new, compact X500B 
QToF, powered by SCIEX OS, with data processing using 
BioPharmaView™ 2.0.1 for routine characterization of ADCs and 
calculation of DAR using both the glycosylated and 
deglycosylated forms.

Figure 1: Trastuzumab emtasine. T-DM1 consists of a trastuzumab
backbone with MCC linker binding DM1, a cytotoxic drug to the antibody 
via lysine residues.

Experimental

Samples were prepared either neat for the glycosylated form or 
using PNGase F (New England BioLabs (Ipswich, MA, USA) using 
their standard protocol. 
LCMS analyses were conducted using a benchtop X500B QTOF  
mass spectrometer using SCIEX OS equipped with an Exion LC™
system. Table 1 lists the LCMS conditions used in these analyses.
Data was processed using BioPharmaView™ for reconstruction of 
the intact protein and calculation of DAR.

Table 1 Exion LC™ conditions

Column Agilent Poroshell 300SB-C8 1.0 x 75mm 5 µm
Mobile phase A 0.1 % Formic acid in water
Mobile Phase B 0.1% Formic acid in acetonitrile
Flow rate 0.2 mL/min
Column Temperature 75 oC

Table 2 X500B mass spectrometry conditions

Source parameters:
CUR 30
GS1 50
GS2 50
Ion Spray Voltage 5000 V
Source Temperature 400oC
TOFMS mass range 900 – 4000 m/z
DP 250 V
Accumulation time 0.5 s
Time bins to sum 80
Intact Protein Mode (IPM) On
Large Proteins (>70kDa) On
Decrease Detector Voltage On
DP 250 V

Results and Discussion
Glycosylated T-DM1
For this study, we used trastuzumab emtansine (T-DM1), a lysine
conjugated ADC for the treatment of HER-2 positive metastatic 
breast cancer. T-DM1 is comprised of an antibody, trastuzumab,
covalently linked via lysine residues to cytotoxic drug molecules 
which are liberated following internalization by target cells (Figure 
1). As drug molecules are attached to the antibody following 
expression, assessment of the drug-to-antibody ratio (DAR) must 
be determined regularly as part of the drug development process. 

图1. 曲妥珠单抗-恩他辛的分子结构图。T-DM1由一个曲妥珠单抗主

链、多个MCC连接子以及DM1药物组成，DM1是一种细胞毒性药物， 

DM1与MCC连接子反应后与通过赖氨酸残基与抗体结合。
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biotherapeutics. They offer the specificity of monoclonal 
antibodies while incorporating cytotoxic payloads to efficiently 
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complex as they use an antibody backbone which must be well
characterized. Adding to this complexity is conjugation of the 
cytotoxic payloads or drugs to the antibody. The number of drugs 
attached to the antibody has been shown to impact the safety 
and efficacy of the resulting ADC, and as such, must be 
characterized and monitored through development. [1-3]

Presented here is a streamlined approach for the analysis of 
ADCs to rapidly and accurately calculate the drug-to-antibody 
ratio (DAR). We will discuss the use of the new, compact X500B 
QToF, powered by SCIEX OS, with data processing using 
BioPharmaView™ 2.0.1 for routine characterization of ADCs and 
calculation of DAR using both the glycosylated and 
deglycosylated forms.

Figure 1: Trastuzumab emtasine. T-DM1 consists of a trastuzumab
backbone with MCC linker binding DM1, a cytotoxic drug to the antibody 
via lysine residues.

Experimental

Samples were prepared either neat for the glycosylated form or 
using PNGase F (New England BioLabs (Ipswich, MA, USA) using 
their standard protocol. 
LCMS analyses were conducted using a benchtop X500B QTOF  
mass spectrometer using SCIEX OS equipped with an Exion LC™
system. Table 1 lists the LCMS conditions used in these analyses.
Data was processed using BioPharmaView™ for reconstruction of 
the intact protein and calculation of DAR.

Table 1 Exion LC™ conditions

Column Agilent Poroshell 300SB-C8 1.0 x 75mm 5 µm
Mobile phase A 0.1 % Formic acid in water
Mobile Phase B 0.1% Formic acid in acetonitrile
Flow rate 0.2 mL/min
Column Temperature 75 oC

Table 2 X500B mass spectrometry conditions

Source parameters:
CUR 30
GS1 50
GS2 50
Ion Spray Voltage 5000 V
Source Temperature 400oC
TOFMS mass range 900 – 4000 m/z
DP 250 V
Accumulation time 0.5 s
Time bins to sum 80
Intact Protein Mode (IPM) On
Large Proteins (>70kDa) On
Decrease Detector Voltage On
DP 250 V

Results and Discussion
Glycosylated T-DM1
For this study, we used trastuzumab emtansine (T-DM1), a lysine
conjugated ADC for the treatment of HER-2 positive metastatic 
breast cancer. T-DM1 is comprised of an antibody, trastuzumab,
covalently linked via lysine residues to cytotoxic drug molecules 
which are liberated following internalization by target cells (Figure 
1). As drug molecules are attached to the antibody following 
expression, assessment of the drug-to-antibody ratio (DAR) must 
be determined regularly as part of the drug development process. 

表1. Exion LC™液相色谱条件。
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结果与讨论

糖基化的T-DM1

在本研究中，我们选用曲妥珠单抗-恩他辛 (T-DM1)

作为研究对象，主要用于治疗HER-2阳性转移性乳腺

癌。T-DM1由曲妥珠单抗通过赖氨酸残基共价结合具有

细胞毒性的DM1药物分子，结构如图1所示。当T-DM1被

靶细胞内化后，细胞毒性药物分子将被释放，来执行它

的作用。因此，在T-DM1药物开发和生产过程中，药物

分子与抗体结合效果即DAR值的测定是药效评估必不可

少的关键一环。

本文首先通过X500B质谱平台来测定糖基化T-DM1的

DAR值。如图2A所示，由于ADCs分子中含有多种糖基化

修饰，所以分析得到的原始质谱图非常复杂。我们借助

BioPharmaView™软件的重建算法，生成了高质量的完整

分子量图。由图B，我们可以看到一系列不同DAR值完整

蛋白分子量的信号。这些ADCs分别是由0-8个药物分子

与曲妥珠单抗相连。每个DAR值对应的完整分子量图中

都能够看到清晰的糖型轮廓，且各个轮廓分布均一致。

通过对每一个DAR值对应的完整分子量图进行分析

（图3），我们清楚地看到了各个主要糖型的轮廓。其

中有三组峰的质量差为221 Da，而不是219 Da，初步判

断是连接子自身的质量造成的。此前有报道称，这是由

于赖氨酸残基发生了化学交联反应。曲妥珠单抗与MCC

连接子的初始反应过程中将会产生一种中间体。在某些

条件下，由于赖氨酸的位置更加接近该中间体，从而发

生了两者之间的链间交联反应。针对这种情况，我们可

以通过计算质量数的差值来判断，因为该连接子的质量

数为221 Da。[2]
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We began our study by determining the DAR of the intact ADC.
As shown in Figure 2A, the resulting raw spectrum is highly 
complex. Using the BioPharmaView reconstruction algorithm, 
we generated high quality reconstructed spectra clearly showing 
the different DAR species as well as the glycoprofile for each 
DAR. The resulting reconstruction of the raw data gives us a 
range of between 0-8 drugs attached to the trastuzumab (Figure 
2B). As expected, the glycoprofile for each DAR is consistent 
across each of the DAR species.

Figure 2: T-DM1 raw (A) and reconstructed (B) data. Raw data (2A)
includes glycosylations and ADC which increases the normal complexity 
of an antibody spectrum while 2B shows the reconstruction using 
BioPharmaView and calculating 0-8 drugs attached to the trastuzumab.

Looking closely at each reconstructed DAR separately, we 
clearly see evidence for each of the main glycoforms as well as a 
corresponding set of species with a mass shift of 221 Da and not 
219 Da which would be the mass of the linker itself. (Figure 3). 
This has previously been reported to be due to a reaction with 
lysine residues, which results in chemical crosslinking. The initial 
reaction of trastuzumab to the MCC linker produces an 
intermediate which, in some cases, due to the proximal location 
of lysines involves a second reaction causing the inter-chain 
cross linking and a linker species of 221 Da without the DM1. [2]

Figure 3: Trastuzumab emtansine with 3 drugs attached. A closer 
look at the reconstructed DAR shows evidence for the main glycoforms: 
1 G0F/G0F, 2: G0F/G1F, 3:G1F/G1F and 4: G1F/G2F with 
corresponding additions of one MCC linker without DM1.

Using BioPharmaView, (DAR) can be calculated based on the 
reconstructed peak area distribution of the different drug 
conjugated antibodies. DAR was calculated to be 3.49 (Figure.
5), which agrees well with previously reported value of 3.5 [1-3].

Figure 4: Calculation of DAR for trastuzumab emtasine using 
BioPharmaView™. Calculation of DAR using the software gives a 
simple table and graph, showing the median multiplicity of the ratio. 
Highlighted in the top right is the ratio calculated which was 3.49. 

Deglycosylated T-DM1
We then removed the N-linked glycans using PNGaseF to 
provide a spectrum with reduced complexity as the peaks 
attributed to the glycoforms would be removed. As shown in 
Figure 5A, we can clearly see that the glycoform complexity has 
been reduced. In addition, the presence of the species with a 
221 Da higher than each corresponding DAR species is evident 
confirming our previous findings. 
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We then removed the N-linked glycans using PNGaseF to 
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Figure 5A, we can clearly see that the glycoform complexity has 
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confirming our previous findings. 
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图2. T-DM1原始质谱图(A)和完整分子量图 (B)。原始质谱图(2A)既包括

不同的糖基化修饰又包含不同DAR值的信息，因而增加了抗体谱的一

般复杂程度，而经过BioPharmaView™软件处理后得到了完成分子量

图，并且计算得出样本中有0-8个药物分子连接在曲妥珠单抗上。

图3. 3个药物分子结合的曲妥珠单抗-恩他辛完整分子量图。图上可以

发现主要的糖型式为1: G0F/G0F, 2: G0F/G1F, 3:G1F/G1F和4:G1F/G2F。

除此之外，图上还观察到质量数增加了一个MCC连接子的信号。
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Introduction

Antibody-drug conjugates (ADCs) are an emerging class of 
biotherapeutics. They offer the specificity of monoclonal 
antibodies while incorporating cytotoxic payloads to efficiently 
target and kill infected cells. By their nature, ADCs are highly 
complex as they use an antibody backbone which must be well
characterized. Adding to this complexity is conjugation of the 
cytotoxic payloads or drugs to the antibody. The number of drugs 
attached to the antibody has been shown to impact the safety 
and efficacy of the resulting ADC, and as such, must be 
characterized and monitored through development. [1-3]

Presented here is a streamlined approach for the analysis of 
ADCs to rapidly and accurately calculate the drug-to-antibody 
ratio (DAR). We will discuss the use of the new, compact X500B 
QToF, powered by SCIEX OS, with data processing using 
BioPharmaView™ 2.0.1 for routine characterization of ADCs and 
calculation of DAR using both the glycosylated and 
deglycosylated forms.

Figure 1: Trastuzumab emtasine. T-DM1 consists of a trastuzumab
backbone with MCC linker binding DM1, a cytotoxic drug to the antibody 
via lysine residues.

Experimental

Samples were prepared either neat for the glycosylated form or 
using PNGase F (New England BioLabs (Ipswich, MA, USA) using 
their standard protocol. 
LCMS analyses were conducted using a benchtop X500B QTOF  
mass spectrometer using SCIEX OS equipped with an Exion LC™
system. Table 1 lists the LCMS conditions used in these analyses.
Data was processed using BioPharmaView™ for reconstruction of 
the intact protein and calculation of DAR.

Table 1 Exion LC™ conditions

Column Agilent Poroshell 300SB-C8 1.0 x 75mm 5 µm
Mobile phase A 0.1 % Formic acid in water
Mobile Phase B 0.1% Formic acid in acetonitrile
Flow rate 0.2 mL/min
Column Temperature 75 oC

Table 2 X500B mass spectrometry conditions

Source parameters:
CUR 30
GS1 50
GS2 50
Ion Spray Voltage 5000 V
Source Temperature 400oC
TOFMS mass range 900 – 4000 m/z
DP 250 V
Accumulation time 0.5 s
Time bins to sum 80
Intact Protein Mode (IPM) On
Large Proteins (>70kDa) On
Decrease Detector Voltage On
DP 250 V

Results and Discussion
Glycosylated T-DM1
For this study, we used trastuzumab emtansine (T-DM1), a lysine
conjugated ADC for the treatment of HER-2 positive metastatic 
breast cancer. T-DM1 is comprised of an antibody, trastuzumab,
covalently linked via lysine residues to cytotoxic drug molecules 
which are liberated following internalization by target cells (Figure 
1). As drug molecules are attached to the antibody following 
expression, assessment of the drug-to-antibody ratio (DAR) must 
be determined regularly as part of the drug development process. 

表2. X500B QTOF质谱分析条件。
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生物药分析解决方案                                                    

利用BioPharmaView™，DAR值可以根据不同药物

偶联抗体的重建峰面积分布来计算。图4中可以看到，

DAR值的计算结果为3.49，与文献中报道的3.5值吻合较

好[1-3]。
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Figure 5: Deglycosylated T-DM1 raw (A) and reconstructed (B) 
spectrum. Raw data (5A) from the deglycosylated is used to reconstruct 
the intact protein mass (5B).

The reconstructed spectrum for the deglycosylated trastuzumab 
emtasine confirms the results observed in figure 2 of the 
glycosylated form. Both confirm from 0 – 8 drugs attached to the 
trastuzumab backbone. DAR calculations were performed using 
the software, and the resulting DAR value is consistent with 
previously reported values. [2]

Figure 6: DAR calculation for deglycosylated trastuzumab 
emtansine. The 8 drug conjugates (highlighted bottom left) are then 
used to calculate the DAR ratio (highlighted top left) to give a DAR ratio 
of 3.26.

Conclusion

We have shown that the benchtop X500B QTOF system 
produces data with such quality that it can be used for routine 
analysis of such complex biologics such as ADCs which require 
high resolution data to identify glycosylations and the number of 
drugs bound to the antibody. We have shown that the mass
accuracy is such that we are able to identify a prominent 221 Da
mass shift that has been reported by Jacobson et al as a 
conjugation of the trastuzumab-MCC linker intermediate with a 
proximal lysine residue. Processing of the data and 
reconstruction was performed using BioPharmaView resulting in 
fast reconstruction and accurate DAR calculations. The resulting 
software was able to calculate the DAR ratio to be 3.46 on the 
glycosylated form compared to the 3.5 listed in literature. [2]
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图5. 5A：脱糖基化T-DM1的原始质谱图，5B：由5A重建得到的：脱糖

基化T-DM1的分子量图。

图6. 去糖基化的曲妥珠单抗-恩他辛的DAR计算结果。使用0-8个药物

分子的偶联物（左下对话框中高亮标出）来计算得到DAR值（左上对

话框中高亮标出）为3.26。

p 2

We began our study by determining the DAR of the intact ADC.
As shown in Figure 2A, the resulting raw spectrum is highly 
complex. Using the BioPharmaView reconstruction algorithm, 
we generated high quality reconstructed spectra clearly showing 
the different DAR species as well as the glycoprofile for each 
DAR. The resulting reconstruction of the raw data gives us a 
range of between 0-8 drugs attached to the trastuzumab (Figure 
2B). As expected, the glycoprofile for each DAR is consistent 
across each of the DAR species.

Figure 2: T-DM1 raw (A) and reconstructed (B) data. Raw data (2A)
includes glycosylations and ADC which increases the normal complexity 
of an antibody spectrum while 2B shows the reconstruction using 
BioPharmaView and calculating 0-8 drugs attached to the trastuzumab.

Looking closely at each reconstructed DAR separately, we 
clearly see evidence for each of the main glycoforms as well as a 
corresponding set of species with a mass shift of 221 Da and not 
219 Da which would be the mass of the linker itself. (Figure 3). 
This has previously been reported to be due to a reaction with 
lysine residues, which results in chemical crosslinking. The initial 
reaction of trastuzumab to the MCC linker produces an 
intermediate which, in some cases, due to the proximal location 
of lysines involves a second reaction causing the inter-chain 
cross linking and a linker species of 221 Da without the DM1. [2]

Figure 3: Trastuzumab emtansine with 3 drugs attached. A closer 
look at the reconstructed DAR shows evidence for the main glycoforms: 
1 G0F/G0F, 2: G0F/G1F, 3:G1F/G1F and 4: G1F/G2F with 
corresponding additions of one MCC linker without DM1.

Using BioPharmaView, (DAR) can be calculated based on the 
reconstructed peak area distribution of the different drug 
conjugated antibodies. DAR was calculated to be 3.49 (Figure.
5), which agrees well with previously reported value of 3.5 [1-3].

Figure 4: Calculation of DAR for trastuzumab emtasine using 
BioPharmaView™. Calculation of DAR using the software gives a 
simple table and graph, showing the median multiplicity of the ratio. 
Highlighted in the top right is the ratio calculated which was 3.49. 

Deglycosylated T-DM1
We then removed the N-linked glycans using PNGaseF to 
provide a spectrum with reduced complexity as the peaks 
attributed to the glycoforms would be removed. As shown in 
Figure 5A, we can clearly see that the glycoform complexity has 
been reduced. In addition, the presence of the species with a 
221 Da higher than each corresponding DAR species is evident 
confirming our previous findings. 

A

B

图4. 使用BioPharmaView™计算曲妥珠单抗-恩他辛的DAR值。软件给

出了非常直观的表格和图形，显示了不同比值的分布情况，并在右上

角用高亮显示出计算结果：3.49。

 脱糖基化的 T-DM1

我们使用PNGase F酶去除N-糖链，得到脱糖基化的

T-DM1。由于与糖型相关的峰被去除，我们得到一个复

杂度相对较低的原始质谱图（如图5A所示）。在图5B

中，我们可以清楚地看到由糖型导致的复杂性已经降

低。此外，在不同DAR值对应的每簇信号中，质量数增

加221 Da的峰信号仍然非常明显，这一现象进一步证实

了我们前文的推断。

去糖基化曲妥珠单抗-恩他辛的完整分子量图进一步

证实了图2中对糖型的分析结果。通过对原始曲妥珠单

抗-恩他辛和脱糖基化曲妥珠单抗-恩他辛这两种样本进

行检测，均得到了相同的结果，即有0-8个药物分子连接

在曲妥珠单抗主链上。利用BioPharmaView™软件计算

得到的DAR结果也与文献报道一致。[2]
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结论

通过实验结果证明，SCIEX台式X500B QTOF高分辨

质谱系统可以为广大生物制药的分析工作者提供非常高

质量的数据。X500B QTOF的超高分辨可以识别糖基化和

与抗体结合的药物分子数量，因此对结构复杂的ADCs类

药物的分析质控具有很好的应用。也正是X500B QTOF超

高的质量精度帮助我们判定了221 Da质量偏差的归属：

所得到的数据结果与Jacobson等人的研究结论完全吻

合，曲妥珠单抗 - MCC连接子中间体与赖氨酸残基会发

生交联反应，而221Da正是对应于一个MCC连接子。数

据处理和谱图的重建采用BioPharmaView™软件进行，

分析速度快，计算结果准确：含糖基化的样本通过软

件计算得到的DAR值为3.49，非常接近与文献中给出的

DAR值3.5。[2]
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应用 SCIEX X500B QTOF质谱系统分析Kadcyla® 

(Ado-trastuzumab Emtansine)
Characterization of Kadcyla® (Ado-trastuzumab Emtansine) Using SCIEX X500B system

章伟平1，刘军1 ，罗继2，窦鹏2 
1  东曜药业有限公司，苏州，中国              
2  SCIEX中国

抗体偶联药物（ADC）是一种新型的癌症治疗方式，

它是由靶向特异性抗原的单克隆抗体与高效细胞毒性的

小分子化学药物偶联而成。目前经FDA批准上市的ADC药

物有Mylotarg®、Adcetris®、Kadcyla®及Besponsa®，其中

Kadcyla®是由曲妥珠单抗的赖氨酸通过非切除的硫醚连接

子SMCC与美坦新衍生物DM1偶联而成。

抗体偶联药物的表征和理化分析依赖于多种多样的

分析技术，这其中质谱发挥着重要作用，在本文我们应用

SCIEX X500B质谱对Kadcyla®的药物偶联分布、药物抗体

偶联比、药物偶联位点以及位点偶联程度进行了分析。

材料与方法

完整分子量分析

样品制备：用 50 mM 碳酸氢铵溶液稀释ADC样

品，添加PNGase F酶， 37℃孵育3小时。

液相条件：
表1. 完整分子量分析液相条件。

色谱仪 Sciex ExionLC

色谱柱 ACQUITY UPLC BEH200, SEC 1.7 μm, 
4.6×300 mm

流动相 超纯水，含25% ACN, 0.1% FA           

柱温 室温

流速 200 μL/min

梯度 等度

表2. 完整分子量分析质谱参数。

Parameter Value Parameter Value 

Curtain gas: 30 Time bins to sum 80 

Ion Source Gas 1 (psi) 45 TOF start mass (Da) 1000 

Ion Source Gas 2 (psi) 45 TOF stop mass (Da) 5000 

Temperature (°C) 450 Accumulation time 1 

Scan type: TOF MS Declustering potential (V) 250 

Polarity Positive Collision energy (V) 10

Ionspray Voltage (V) 5500 CAD gas 7 

仪器 Sciex ExionLC

色谱柱 ACQUITY UPLC BEH300, C18 1.7 μm, 
2.1×150 mm

流动相 A: 超纯水，含0.1% FA
B: 乙腈，含0.1% FA           

柱温 室温

流速 160 μL/min

梯度 见表4

表3. 肽图分析液相条件。

肽图分析

样品制备：ADC样品用8 M盐酸胍溶液变性后，加

入二硫苏糖醇在37℃条件下保持30分钟还原二硫键，然

后加入碘乙酰胺室温避光反应30分钟进行烷基化，用50 

mM 甲酸铵溶液置换缓冲液后分别添加胰蛋白酶或糜蛋

白酶37℃孵育过夜。

质谱条件：

本文中使用的是SCIEX X500B QTOF®质谱方法设置

如表2所示。
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液相条件：

结果与讨论

药物偶联分布(Drug Load Distrubution)及药物抗体偶

联比(Drug Antibody Ratio)

RUO-MKT-02-7231-ZH-A

时间 (min) 流速 (mL/min) A相百分比 B相百分比
0 0.16 95 5
5 0.16 95 5
65 0.16 60 40
70 0.16 50 50
71 0.16 20 80
79 0.16 20 80
80 0.16 95 5
90 0.16 95 5

表4. 肽图分析液相梯度。

Parameter Value Parameter Value 
Curtain gas: 30 Scan type: TOF MS 

Ion Source Gas 1 (psi) 50 TOF start mass (Da) 200 
Ion Source Gas 2 (psi) 50 TOF stop mass (Da) 1800

CAD Gas 7 Collision energy (V) 10
Temperature (°C) 500 Accumulation time 0.25 

Declustering potential (V) 80 Scan type: TOF MSMS 
Polarity Positive TOF start mass (Da) 100 

Ionspray Voltage (V) 5500 TOF stop mass (Da) 1800
Time bins to sum 4 Accumulation time 0.1 

IDA Criteria Peptide Collision energy (V) Dynamic

表5. 肽图分析质谱参数。

图1. Kadcyla®经PNGase F酶处理去除N糖后的完整分子量分析谱图。 A) 

一级质谱原始谱图（m/z范围 2000-4000）；B)去卷积后的质谱谱图。

图2. A) ADC样品经胰蛋白酶酶解后质谱分析总离子流色谱图（TIC）；

B) 偶联DM1肽段EAKVQWK的提取离子流色谱图（XIC），双峰为非对

映异构体所致；C) 偶联DM1肽段EAKVQWK的二级质谱谱图

Drug-Load（%） DAR

0 1 2 3 4 5 6 7 8

2.56 9.39 19.83 24.26 20.70 12.48 6.30 2.86 1.62 3.38

表6. 药物偶联分布及药物抗体偶联比。
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药物偶联位点(Conjugation Site)及位点偶联程度(Co
njugation Level) 
 

 

 

 
图 2. A) ADC 样品经胰蛋白酶酶解后质谱分析总离子

流色谱图（TIC）；B) 偶联 DM1 肽段 EAKVQWK
的提取离子流色谱图（XIC），双峰为非对映异构体

所致；C) 偶联 DM1 肽段 EAKVQWK 的二级质谱谱

图 
 
       在本文中，二级质谱解离方式 CID 被用于分析偶

联 DM1 的肽段，以 EAKVQWK（下划线 K 为偶联

位点）肽段为例，两个与偶联 DM1 的 EAKVQWK
肽段质荷比精确匹配的色谱峰被发现，如图 2B 所示，

双峰是由 MCC-DM1 的非对映异构体所致；在二级

质谱图 2C 中我们能观察到 DM1 的特征碎片离子峰 
547.22。 

Kadcyla®有 92 个可能的偶联位点，其中包括 88
个赖氨酸残基和 4 个 N 端氨基酸残基，本文中主要

通过胰蛋白酶酶解样品质谱分析来分析偶联位点，

糜蛋白酶酶解样品用于分析胰蛋白酶酶解样品质谱

分析所未覆盖到的偶联位点。我们通过质谱分析发

现了 82 个偶联位点，其中包括 78 个赖氨酸残基和 4
个 N 端氨基酸残基，偶联位点及位点偶联程度如表 7
所示，其中位点偶联程度的计算忽略了不同肽段及

是否偶联 DM1 药物带来的离子化效率的差异，因此

该计算值仅是一个相对数值，具备参考意义。偶联

药物肽段的出峰时间集中于 51 min 至 73 min 之间, 
这是因为偶联药物导致了肽段的非极性的增强。由

所有位点偶联率相加计算得出的 DAR 值为 3.15，而

这与由去糖 Kadcyla®完整分子量质谱分析计算得出

的 DAR 值 3.38 是有可比性的。 
 

 
*表示该偶联位点为通过糜蛋白酶酶解样品肽图分析所确认 

表 7. 药物偶联位点及位点偶联程度汇总 
 

Theoretical m/z Observed m/z
Mass

Error(ppm)

Lys

conjugated

N-term NH2 945.7555(3+) 945.7528(3+) 62.70 63.60 -2.9 0.15%

39 983.1257(3+) 983.1240(3+) 57.81 58.71 -1.7 0.15%

45 1009.1740(3+) 1009.1715(3+) 69.83 70.15 -2.5 0.10%

107 800.8903(2+) 800.8879(2+) 56.75 57.94 -3.0 15.33%

126 1171.0727(4+) 1171.0701(4+) 71.95 72.69 -2.2 0.07%

145 922.9327(2+) 922.9302(2+) 58.02 59.08 -2.7 4.00%

149 909.1641(4+) 909.1608(4+) 58.67 59.45 -3.6 0.34%

169 1144.7739(4+) 1144.7712(4+) 58.61 59.52 -2.4 0.17%

*183 877.3878(2+) 877.3864(2+) 61.47 62.59 -1.6 1.71%

188 616.2719(3+) 616.2699(3+) 51.34 52.65 -3.2 4.22%

190 775.1168(4+) 775.1143(4+) 49.82 50.82 -3.2 1.77%

207 1112.8501(3+) 1112.8469(3+) 56.09 56.93 -2.9 1.74%

N-term NH2 946.7944(3+) 946.7912(3+) 65.63 66.43 -3.4 0.57%

30 1065.4971(3+) 1065.4950(3+) 63.66 64.19 -2.0 0.22%

43 756.6986(3+) 756.6965(3+) 61.23 62.13 -2.8 1.57%

65 926.4175(2+) 926.4147(2+) 55.98 57.16 -3.0 24.01%

76 1073.1673(3+) 1073.1658(3+) 60.55 61.47 -1.4 0.52%

124 1227.8195(4+) 1227.8161(4+) 68.31 68.94 -2.8 0.11%

136 1149.2286(3+) 1149.2265(3+) 63.27 64.17 -1.8 0.38%

208 1534.7416(5+) 1534.7350(5+) 64.07 64.58 -4.3 2.02%

213 1357.4958(6+) 1357.4955(6+) 60.75 61.22 -2.2 1.36%

216 723.3374(2+) 723.3355(2+) 54.72 56.11 -2.6 12.87%

217 633.6469(3+) 633.6461(3+） 51.15 52.41 -1.3 9.71%

221 640.2800(3+) 640.2785(3+) 53.79 55.08 -2.3 1.42%

225 1073.5071(4+) 1073.5032(4+) 60.81 61.60 -3.6 3.13%

249 950.9610(4+) 950.9610(4+) 67.05 67.68 0 0.50%

251 1155.0650(4+) 1155.0631(4+) 65.23 65.94 -1.6 0.09%

277 1189.2995(4+) 1189.2967(4+) 62.31 62.69 -2.4 0.05%

291 779.8712(4+) 779.8686(4+) 55.38 56.25 -3.3 1.15%

293 729.3430(2+) 729.3413(2+) 54.37 55.73 -2.3 9.00%

320 796.8984(4+) 796.8967(4+) 66.88 67.50 -2.1 0.06%

323 842.3580(2+) 842.3559(2+) 54.38 55.69 -2.5 10.31%

325 846.3767(2+) 846.3750(2+) 53.57 54.92 -2.0 13.76%

329 741.7069(3+) 741.7050(3+) 57.79 58.79 -2.6 5.17%

337 742.0470(3+) 742.0449(3+) 60.50 61.38 -2.8 7.53%

341 802.3902(2+) 802.3883(2+) 55.04 56.30 -2.4 1.40%

343 806.8778(2+) 806.8762(2+) 54.14 55.50 -2.0 10.72%

363 912.7590(3+) 912.7565(3+) 60.69 61.60 -2.7 1.41%

*373 823.0455(3+) 823.0390(3+) 67.09 68.11 -7.9 0.46%

395 1339.6059(4+) 1339.6045(4+) 65.81 66.52 -1.0 0.12%

417 887.9224(2+) 887.9200(2+) 56.29 57.53 -2.7 7.81%

Conjugation Site RT(min)

VL

CL

CH3

VH

CH1

Hinge

CH2

C

E A K V Q W K
y1y2y3y4y5y6y7

y7

y1
147.1137 y2

y3
461.2530

y4

y5
1098.5648

质谱条件：
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71 0.16 20 80 
79 0.16 20 80 
80 0.16 95 5 
90 0.16 95 5 

表 4.肽图分析液相梯度 
 
质谱条件： 
 
Parameter  Value  Parameter  Value  
Curtain gas:  30 Scan type:  TOF MS  
Ion Source Gas 1 
(psi)  

50 TOF start mass (Da)  200  

Ion Source Gas 2 
(psi)  

50  TOF stop mass (Da)  1800 

CAD Gas 7 Collision energy (V) 10 
Temperature (°C)  500  Accumulation time  0.25  
Declustering 
potential (V)  

80  Scan type:  TOF 
MSMS  

Polarity  Positive  TOF start mass (Da)  100  
Ionspray Voltage 
(V)  

5500  TOF stop mass (Da)  1800 

Time bins to sum  4  Accumulation time  0.1  
IDA Criteria Peptide Collision energy (V) Dynamic 

表 5.肽图分析质谱参数 
 
 
结果与讨论 
 
药物偶联分布(Drug Load Distrubution)及药物抗体

偶联比(Drug Antibody Ratio) 
 

 

 

图 1. Kadcyla®经 PNGase F 酶处理去除 N 糖后的完整

分子量分析谱图: A) 一级质谱原始谱图（m/z 范围 20
00-4000）；B)去卷积后的质谱谱图  
 

Drug-Load（%） 

DAR 

0 1 2 3 4 5 6 7 8 

2.56 9.39 19.83 24.26 20.70 12.48 6.30 2.86 1.62 3.38 

表 6. 药物偶联分布及药物抗体偶联比 
 

通过去卷积质谱谱图我们能够清楚的观察到 D0
至 D8 的药物偶联分布，因为 D0 至 D8 除了主峰外

还有连接子 MCC 与曲妥珠单抗的其它氨基酸发生副

反应所致的错配产物的质谱峰，所以在计算 DAR 值

时采用了 D0 至 D8 各自对应的区域质谱峰面积，而

不是 D0 至 D8 各自对应的主峰的质谱峰面积。 
该样品由 D0 至 D8 各自对应区域质谱峰面积计

算出来的 DAR 值为 3.38，而依据 UV/VIS 法计算出

来的 DAR 值为 3.52（UV/VIS 法未区分游离的药物

和偶联在单抗上的药物）。我们比较了不同批次样

品分别通过 LC-MS 法和 UV/VIS 法计算的 DAR 值，

发现两种方法计算出来的 DAR 值相关性很好（该部

分数据本文中未展示）。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

通过去卷积质谱谱图我们能够清楚的观察到D0至D8

的药物偶联分布，因为D0至D8除了主峰外还有连接子

MCC与曲妥珠单抗的其它氨基酸发生副反应所致的错配

产物的质谱峰，所以在计算DAR值时采用了D0至D8各自

对应的区域质谱峰面积，而不是D0至D8各自对应的主峰

的质谱峰面积。

该样品由D0至D8各自对应区域质谱峰面积计算出来

的DAR值为3.38，而依据UV/VIS法计算出来的DAR值为

3.52（UV/VIS法未区分游离的药物和偶联在单抗上的药

物）。我们比较了不同批次样品分别通过LC-MS法和UV/

VIS法计算的DAR值，发现两种方法计算出来的DAR值相

关性很好（该部分数据本文中未展示）。

药物偶联位点(Conjugation Site)及位点偶联程度

(Conjugation Level)
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在本文中，二级质谱解离方式CID被用于分析偶联

DM1的肽段，以EAKVQWK（下划线K为偶联位点）肽段

为例，两个与偶联DM1的EAKVQWK肽段质荷比精确匹

配的色谱峰被发现，如图2B所示，双峰是由MCC-DM1

的非对映异构体所致；在二级质谱图2C中我们能观察到

DM1的特征碎片离子峰547.22。

Kadcyla®有92个可能的偶联位点，其中包括88个赖

氨酸残基和4个N端氨基酸残基，本文中主要通过胰蛋白

酶酶解样品质谱分析来分析偶联位点，糜蛋白酶酶解样

品用于分析胰蛋白酶酶解样品质谱分析所未覆盖到的偶

联位点。我们通过质谱分析发现了82个偶联位点，其中

包括78个赖氨酸残基和4个N端氨基酸残基，偶联位点及

位点偶联程度如表7所示，其中位点偶联程度的计算忽略

了不同肽段及是否偶联DM1药物带来的离子化效率的差

异，因此该计算值仅是一个相对数值，具备参考意义。

偶联药物肽段的出峰时间集中于51 min至73 min之间, 这

是因为偶联药物导致了肽段的非极性的增强。由所有位

点偶联率相加计算得出的DAR值为3.15，而这与由去糖

Kadcyla®完整分子量质谱分析计算得出的DAR值3.38是有

可比性的。

总结

SCIEX X500B质谱在质量精度、灵敏度及扫描速度

等方面的优秀表现，辅以最新的Sciex OS操作系统和生物

制药分析专用软件BioPharmaView，帮助我们对Kadcyla®

这一赖氨酸偶联ADC药物的药物偶联分布、药物抗体偶

联比、药物偶联位点以及位点偶联程度进行了全面的分

析。

RUO-MKT-02-7231-ZH-A

Conjugation 
Site

Theoretical 
m/z

Observed 
m/z

RT
(min)

Mass Error
(ppm)

Lys 
conjugated

VL

N-term NH2 945.7555(3+) 945.7528(3+) 62.70 63.60 -2.9 0.15%

39 983.1257(3+) 983.1240(3+) 57.81 58.71 -1.7 0.15%

45 1009.1740(3+) 1009.1715(3+) 69.83 70.15 -2.5 0.10%

107 800.8903(2+) 800.8879(2+) 56.75 57.94 -3.0 15.33%

CL

126 1171.0727(4+) 1171.0701(4+) 71.95 72.69 -2.2 0.07%

145 922.9327(2+) 922.9302(2+) 58.02 59.08 -2.7 4.00%

149 909.1641(4+) 909.1608(4+) 58.67 59.45 -3.6 0.34%

169 1144.7739(4+) 1144.7712(4+) 58.61 59.52 -2.4 0.17%

*183 877.3878(2+) 877.3864(2+) 61.47 62.59 -1.6 1.71%

188 616.2719(3+) 616.2699(3+) 51.34 52.65 -3.2 4.22%

190 775.1168(4+) 775.1143(4+) 49.82 50.82 -3.2 1.77%

207 1112.8501(3+) 1112.8469(3+) 56.09 56.93 -2.9 1.74%

VH

N-term NH2 946.7944(3+) 946.7912(3+) 65.63 66.43 -3.4 0.57%

30 1065.4971(3+) 1065.4950(3+) 63.66 64.19 -2.0 0.22%

43 756.6986(3+) 756.6965(3+) 61.23 62.13 -2.8 1.57%

65 926.4175(2+) 926.4147(2+) 55.98 57.16 -3.0 24.01%

76 1073.1673(3+) 1073.1658(3+) 60.55 61.47 -1.4 0.52%

124 1227.8195(4+) 1227.8161(4+) 68.31 68.94 -2.8 0.11%

CH1

136 1149.2286(3+) 1149.2265(3+) 63.27 64.17 -1.8 0.38%

208 1534.7416(5+) 1534.7350(5+) 64.07 64.58 -4.3 2.02%

213 1357.4958(6+) 1357.4955(6+) 60.75 61.22 -2.2 1.36%

216 723.3374(2+) 723.3355(2+) 54.72 56.11 -2.6 12.87%

217 633.6469(3+) 633.6461(3+） 51.15 52.41 -1.3 9.71%

Hinge
221 640.2800(3+) 640.2785(3+) 53.79 55.08 -2.3 1.42%

225 1073.5071(4+) 1073.5032(4+) 60.81 61.60 -3.6 3.13%

CH2

249 950.9610(4+) 950.9610(4+) 67.05 67.68 0 0.50%

251 1155.0650(4+) 1155.0631(4+) 65.23 65.94 -1.6 0.09%

277 1189.2995(4+) 1189.2967(4+) 62.31 62.69 -2.4 0.05%

291 779.8712(4+) 779.8686(4+) 55.38 56.25 -3.3 1.15%

293 729.3430(2+) 729.3413(2+) 54.37 55.73 -2.3 9.00%

320 796.8984(4+) 796.8967(4+) 66.88 67.50 -2.1 0.06%

323 842.3580(2+) 842.3559(2+) 54.38 55.69 -2.5 10.31%

325 846.3767(2+) 846.3750(2+) 53.57 54.92 -2.0 13.76%

329 741.7069(3+) 741.7050(3+) 57.79 58.79 -2.6 5.17%

337 742.0470(3+) 742.0449(3+) 60.50 61.38 -2.8 7.53%

341 802.3902(2+) 802.3883(2+) 55.04 56.30 -2.4 1.40%

343 806.8778(2+) 806.8762(2+) 54.14 55.50 -2.0 10.72%

CH3

363 912.7590(3+) 912.7565(3+) 60.69 61.60 -2.7 1.41%

*373 823.0455(3+) 823.0390(3+) 67.09 68.11 -7.9 0.46%

395 1339.6059(4+) 1339.6045(4+) 65.81 66.52 -1.0 0.12%

417 887.9224(2+) 887.9200(2+) 56.29 57.53 -2.7 7.81%

*表示该偶联位点为通过糜蛋白酶酶解样品肽图分析所确认。

表7. 药物偶联位点及位点偶联程度汇总。
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SWATH®——数据非依赖型采集模式在生物药肽图表征研

究中的应用

SCIEX X500B QTOF质谱系统SWATH®方案特辑

Zoe Zhang1, Annu Uppal2; Harini Kaluarachchi3; Sibylle Heidelberger3 
1 SCIEX Redwood City, California (USA); 2 SCIEX Gurgaon Haryana (India), 3 SCIEX Ontario (Canada)

生物药表征研究中的主要挑战

• 目标样品的全覆盖信息

• 低丰度分析物的鉴定和确证

• 翻译后修饰的准确定量

SCIEX SWATH®采集模式的特点

• 一个采集方法适用于所有的分析物

• 能够采集所有潜在化合物的碎片离子信息

• 更宽的动态范围

• 重现性和灵敏度更佳

• 使用BioPharmaView™软件能够实现对低丰度修饰的

鉴定和定量

背景介绍

肽图分析是生物制药分析流程中常见的一种分析项

目。它通过对抗体药的深入分析，能够鉴定到所有预期

的和非预期的肽段修饰，进而保证产品的质量、安全性

和效价始终如一。其中对于低丰度肽段修饰的鉴定则是

保证生物药产品质量和安全性的重要环节。

在本次研究中，我们通过SCIEX数据非依赖型采集

模式——SWATH®对曲妥珠单抗（Trastuzumab）进行分

析。SWATH®是一种对化合物无歧视的采集方式，在采

用SWATH®模式采集数据的时候，质谱会将需要扫描的

质荷比范围划分为多个特定宽度的窗口，每次二级扫描

时Q1会将其中一个窗口内的所有化合物送到碰撞室中同

时打碎，质谱就能够采集到该窗口内所有化合物的MS/

MS谱图，实现化合物的深度分析。肽图分析的工作流程

中，在分析共洗脱的肽段时，不同于数据依赖型采集模

RUO-MKT-02-6927-ZH-A
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SWATH® –Data Independent Acquisition for Confidence in Peptide 
Mapping for Biotherapeutics Characterization 
SWATH® Solution Featuring the SCIEX X500B QTOF System 

 Zoe Zhang1, Annu Uppal2; Harini Kaluarachchi3; Sibylle Heidelberger3  
1SCIEX Redwood City, California (USA); 2SCIEX Gurgaon Haryana (India), 3SCIEX Ontario (Canada) 
 
 
Key Challenges in Biotherapeutics 
Characterization 

 Comprehensive coverage of target sample.  

 Identification and confirmation of low abundant 
attributes. 

 Quantification of slight changes in the sequence 
modification.   

 

 Key Features of the SCIEX SWATH® Acquisition 
 Single generic method for all analytes. 

 Unbiased acquisition of MS/MS data of all the 
possible m/z. 

 Broader dynamic range of detected signals. 

 Improved reproducibility and better sensitivity. 

 Ability to identify and quantify low abundance 
modification with BioPharmaView™ software. 

 

Introduction 
Peptide mapping is now considered a routine analytical 
procedure when analyzing biologics. It allows in-depth 
characterization of large biomolecules, enabling 
identification of all wanted and unwanted post-translational 

 

 

modifications to ensure that the product quality, safety and 
efficacy are not compromised. The importance of being 
able to observe and identify these low-level modifications is 
imperative to ensure that the product quality and safety is 
maintained.  

Here, we present data pertaining to analysis of 
Trastuzumab using SWATH, the SCIEX data independent 
acquisition (DIA) solution.  SWATH is an unbiased 
acquisition method which allows wider Q1 isolation 
windows across the entire m/z range, collecting full MS/MS 
spectra on all detectable analytes, ensuring full in-depth 
coverage of the sample. Unlike conventional data 
dependent acquisition (DDA), SWATH is not limited by the 
need to set filtering criteria for precursor ion selection and 
peak picking of co-eluting precursor ions during a peptide 
mapping workflow.  This provides better detection and 
reproducible quantitation of low-level analytes in each 
sample.  

 
Experimental 
Sample Preparation: 
Trastuzumab was purchased from Myoderm (Norristown, 
PA, USA). ProteaseMax™ and trypsin were purchased 
form Promega (Madison WI, USA). The antibody was 
denatured using ProteaseMax™ (Promega, Madison WI, 
USA) in 50 mM Tris pH 7.8 buffer. The samples were 
reduced and alkylated using DL-dithiothreitol and 2-
iodoacetamide (Sigma Aldrich). Trypsin was added in the 
ratio 1:25 and samples were incubated at 37oC for 3hrs 
before acidifying with TFA. Samples were centrifuged to 
remove any particulate before putting them into 
autosampler vials for analysis. 

HPLC Conditions: 

An ExionLC™ system with a Phenomenex Kinetex 1.7 µm 
C18 100 Å 50 x 2.1 mm column at 40°C with mobile phase Figure 1: SCIEX SWATH® Acquisition Workflow for 

comprehensive coverage of sample  
图1. SCIEX SWATH®在样品全信息覆盖度采集上的工作流程展示。

式（Data dependent acquisition， DDA）需要通过设置

筛选参数对肽段母离子进行选择从而依次对肽段进行分

析，SWATH®可以直接采集所有肽段的MS/MS谱图，从

而在对低丰度化合物的定性和定量分析中有更好的覆盖

度和重现性。

实验方案：

样品制备：

曲妥珠单抗购自Myoderm (Norristown, PA, USA)，

胰蛋白酶增强剂ProteaseMax和胰蛋白酶均购自Promega 

(Madison WI, USA)。 抗体使用ProteaseMax变性后溶

解于pH为7.8的50 mM Tris缓冲液中。接下来使用DL-

dithiothreitol进行还原，使用2-iodoacetamide进行烷基

化封闭（均购自Sigma Aldrich）。之后按照质量比1:25

加入胰蛋白酶，37摄氏度孵育3小时，最后加入TFA酸

化。离心取上清后送到LC-MS系统上进行分析。

液相色谱条件：

使用搭载Phenomenex Kinetex 1.7 µm C18 100 Å 



23

生物药分析解决方案                                                    

50×2.1 mm色谱柱的 ExionLC液相系统在40 ℃进行分

析。流动相A：水+0.1%甲酸，流动相B：乙腈+0.1%甲

酸，流速设定为250 µL/min，在25分钟的时间内B相浓度

从5%至40%，上样量为8 µL。

质谱条件：

使用搭载 IonDrive™离子源和电喷雾电离喷针的

SCIEX X500B QTOF系统进行SWATH®数据的采集，对于

SWATH®采集方法而言，每个150 ms时长的TOF-MS扫描

后接28个窗口的二级扫描，每个二级扫描的时长为50 ms。

数据处理：

使用BioPharmaV iew™软件的默认参数来处理

SWATH®数据，通过批处理的方法来处理重复样本。

结果与讨论：

我们使用相同的液相方法和SWATH®数据采集模

式对曲妥珠单抗的肽图数据进行了三次重复采集。

Figure.2A是这三次重复数据的色谱叠加图，可以看到液

RUO-MKT-02-6927-ZH-A
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A: water + 0.1 % formic acid and mobile phase B: 
acetonitrile + 0.1 % formic acid was used at a flow rate of 
250 µl/min. A volume of 8 µl was injected and separated 
with a gradient of 5 to 40 % B over 25 min.  

MS Conditions: 
SCIEX X500B QTOF system with IonDrive™ source and 
Electrospray Ionization (ESI) probe was used. For 
SWATH® acquisition a 150 ms TOF-MS scan time was 
used followed by 28 SWATH windows of 50 ms. 

Data Processing: 

Data was processed using BioPharmaView™ software 
using the default parameters. Replicate injections were 
processed as a batch.  

Results and Discussion  

Trastuzumab was acquired in triplicate using SWATH 
acquisition under identical LC conditions. Overlay of all 
three chromatograms in Figure 2A shows the robustness 
and stability of the LC as well as the X500B QTOF system 

 

 

 

Figure 2. (A) Overlaid TIC spectra for the replicate injections of 
Trastuzumab. (B) Similar sequence coverage was obtained for the 
replicates. 

All samples showed comprehensive sequence coverage of 
>99% and majority of the modifications frequently observed 
in tryptic digest of trastuzumab was identified within 5ppm 
mass tolerance (Figure 2B).  

Data acquisition with SWATH enabled identification of low 
abundant peptides or modifications. For instance, 
deamidation on peptide EEQYNSTYR was identified at 
2.44 min (Figure 3). The modified peptide was detected in 
all 3 samples with an average modification amount of 0.1% 
(Table 1). The identification of this modification is often 
challenging in DDA approaches due to the co-eluting high 
abundant glycoforms. The SWATH acquisition is not limited 
due to the cycle time, precursor intensity and co-eluting 
precursors, thus getting enough time to capture MSMS 
information on both high and low abundant precursors, 
which is essential for identification. 
 

 

 

Figure 3 (A) XIC (B) SWATH MS (C) MS/MS and (D) y6 -fragment ion 
spectra for the non-deamidated (blue) and deamidated (pink) forms 
of the peptide EEQYNSTYR. 

 

Table 1: Relative Percent Deamidation levels for EEQYNSTYR and 
FNWYVDGVEVHNAK as detected by BiopharmaView software. 

B 

A 

C 

A 

B 

D 
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图2. （A）三次重复采集的曲妥珠单抗肽图的TIC叠加图；（B）三次

重复均能够提供非常接近100%的肽段覆盖度。

表 1 .  B i o P h a r m a V i e w ™软件所检测到的肽段E E Q Y N S T Y R和

FNWYVDGVEVHNAK上deamidation的修饰比例信息。

图3. EEQYNSTYR肽段无deamidation修饰（蓝色）和deamidation修饰

（粉色）的（A）XIC图（B）SWATH®一级谱图（C）SWATH®二级谱

图（D）y6离子谱图。
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mass tolerance (Figure 2B).  

Data acquisition with SWATH enabled identification of low 
abundant peptides or modifications. For instance, 
deamidation on peptide EEQYNSTYR was identified at 
2.44 min (Figure 3). The modified peptide was detected in 
all 3 samples with an average modification amount of 0.1% 
(Table 1). The identification of this modification is often 
challenging in DDA approaches due to the co-eluting high 
abundant glycoforms. The SWATH acquisition is not limited 
due to the cycle time, precursor intensity and co-eluting 
precursors, thus getting enough time to capture MSMS 
information on both high and low abundant precursors, 
which is essential for identification. 
 

 

 

Figure 3 (A) XIC (B) SWATH MS (C) MS/MS and (D) y6 -fragment ion 
spectra for the non-deamidated (blue) and deamidated (pink) forms 
of the peptide EEQYNSTYR. 

 

Table 1: Relative Percent Deamidation levels for EEQYNSTYR and 
FNWYVDGVEVHNAK as detected by BiopharmaView software. 
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相和X500B QTOF系统的稳定性和重现性都非常的好。三

次重复数据的肽段覆盖率都超过99%，绝大部分鉴定到

的修饰的质量偏差都在5 ppm以内（Figure 2B）。

使用SWATH®模式采集的数据能够尽可能多的发现

低丰度的肽段及其修饰。例如我们在2.44分钟发现了

EEQYNSTYR肽段上发生的低丰度的deamidation修饰。

在三次重复中，该修饰在这条肽段上的平均修饰比例

为0.1%（表1）。由于其糖基化形式是高丰度形式且与

deamidation修饰形式存在共洗脱，所以如果使用传统

的数据依赖型采集模式则会存在丢失这条肽段信息的可

能。而SWATH®则不受cycle time，母离子信号强度和共

洗脱母离子的影响，因此能够对所有高丰度和低丰度的

肽段均进行很好的二级谱图的采集，进而达到最高的序

列覆盖度和修饰鉴定率。
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结论

SWATH®解决方案能够提供几乎全覆盖的曲妥珠单

抗肽图信息，通过提供高分辨率的碎片离子XIC图来降低

其他肽段的干扰，能够对低丰度的肽段修饰进行可靠的

鉴定和确证。这种非常低丰度肽段修饰的鉴定能力对于

提高可信肽段覆盖度和鉴定生物分子的潜在重要质控指

标提供了很大的帮助。
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Another low-level of deamidation was identified on another 
peptide with the sequence FNWYVDGVEVHNAK using 
BioPharmaView (Figure 4). 
 

 

 

Figure 4: (A) XIC (B) SWATH –MS (C) MSMS acquisition for 
FNWYVDGVEVHNAK peptide showing non-deamidated (blue) and 
deamidated (pink) with (D) expanded spectra showing exact 
deamidation site.  

Next, complex glycosylation on EEQYNSTYR peptide was 
evaluated. Data processing through BioPharmaView, 
revealed low level mannose-5 glycosylation on the peptide.  
With SWATH acquisition confirmation of this glycosylation 
event was possible due to high quality of the MS/MS data 
(Figure 4B). The SWATH  doesn't  require any set 
fragmentation criteria  and  provides high quality MSMS 
data irrespective of the precursor intensity thus resulting in 
high confidence in the peptide identification and 
glysosylation profiling. 
 
Conclusion 
SWATH acquisition solution provides near complete 
sequence coverage for trastuzumab. SWATH yields high 
resolution XICs on fragment ions, reduced chance of 
interferences, provide greater degree of confidence in 
identification and confirmation of low abundant 
modifications. This ability to obtain high quality MS/MS data 

on very low abundant attributes is critical for increasing the 
confidence in assigning the sequence identity as well as 
identifying potential critical quality attributes of a 
biomolecule. 
 

   

 

Figure 5. (A)TOF-MS of doubly charged peptide of Mannose 5 
modified EEQYNSTYR. (B)  MS/MS data for the doubly charge 
peptide containing Mannose 5.          
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图4. SWATH®数据中肽段FNWYVDGVEVHNAK上无deamidation修饰

（蓝色）和deamidation修饰（粉色）的（A）XIC图，（B）SWATH®

一级谱图，（C）SWATH®二级谱图以及（D）确证deamidation修饰的

谱图。

图5. 肽段EEQYNSTYR上Mannose 5修饰的（A）TOF-MS谱图（B）MS/

MS谱图。

Figure 4展示了BioPharmaView™软件鉴定到的另

外一个存在于FNWYVDGVEVHNAK肽段上的低丰度的

deamidation修饰。

此外，我们还从EEQYNSTYR肽段上发现了糖基化修

饰。数据经过BioPharmaView™处理后，我们发现该条

肽段上存在低丰度的mannose-5 糖基化修饰。我们可以

通过SWATH®采集到的高质量的MS/MS数据进行进一步

的确证（Figure 4B）。无论目标肽段是高丰度还是低丰

度，SWATH®数据采集模式不需要设置母离子的选择规

则就能够提供高质量的MS/MS信息，为糖基化修饰的进

一步确证提供可靠的依据。
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生物药二硫键分析

使用BioPharmaView™软件快速、自动分析链内和链间的二硫键 
Annu Uppal and Manoj Pillai

SCIEX, 121, Udyog Vihar, Phase IV, Gurgaon, Haryana, India 

前言

二硫键对于维持蛋白质药物的结构和功能至关重要，

因此在重组蛋白质药物生产的阶段需要准确的分析生物药

的二硫键。对于单克隆抗体来说，错配的二硫键会影响蛋

白的结构和功能，甚至引发抗体团聚。二硫键错配可能发

生在细胞发酵或者纯化工艺的每一个阶段，因此准确的分

析抗体的二硫键有助于研究人员及时发现工艺过程中的问

题，及时调整工艺参数确保终产品的质量。

单抗的分子量非常大，分子的异质性高而且所含半

胱氨酸残基多，这些因素导致单抗的二硫键分析极具挑

战性。二硫键分析通常需要多酶酶切然后进行液质联用

分析，但是传统的方法需要大量的人工确认和比对，数

据分析耗时耗力，因此对于生物制药公司来说，急需要

专业且智能的软件来辅助分析二硫键。针对生物药用户

的这种需求，SCIEX公司开发了针对生物药表征的软件

BioPharmaView™，将复杂的数据处理过程变的异常简

单。BioPharmaView™软件能快速、自动处理像肽图、

二硫键分析等生物药表征的数据，软件自动对峰进行确

认，对峰面积进行积分，最终给出分析报告。

BioPharmaView™软件能自动对多肽二级谱图中的

b、y离子进行归属，然后将实际观测的二级谱图中的碎

片离子与理论的二级碎片离子进行匹配，以此来确认多

肽的氨基酸序列，用同样的方法也可以确认非还原肽图

中含二硫键的肽段。使用二级谱图的得分、电荷态以及

保留时间等限制条件能进一步提高数据的分析速度和分

析结果的准确度。

在这篇技术文档中，我们将展示在Q-TOF高分辨质

谱平台上结合BioPharmaView™软件快速分析单抗Fab区

域中5对二硫键的连接方式。TripleTOF® 5600高分辨质谱

拥有非常快的扫描速度，能快速获得样品准确的一级和

二级信息，结合功能强大的BioPharmaView™软件能快

速的完成生物药二硫键的分析。

实验条件和方法

色谱条件：使用胰蛋白酶，将单抗样品分别在还原

和非还原两种条件下进行酶切，多肽分离在ExionLC™ 

AC上进行，色谱柱为  Kinetex C18 (Phenomenex, 

2.1×100 mm, 3 μm)，流动相A为2%乙腈/水，含0.1%

的甲酸；流动相B为98%乙腈/水，含0.1%的甲酸。色谱

流速为0.2 mL/min。

质谱条件：质谱分析在TripleTOF® 5600高分辨质谱

上进行，配备双喷雾离子源。数据采集使用信息依赖性

的采集模式，一级的离子累积时间为250 ms，随后跟着

20张二级，离子累积时间分别为50 ms。动态排除的时

间设置为5 S，碰撞能量使用rolling CE，碰撞能量扩展设

置为5V。

数据处理：使用BioPharmaView™软件自动进行二

硫键的分析，将实际观测到的肽段的分子量与理论的分

子量进行比对来确认二硫键的连接方式，使用二级谱图

的得分、电荷态以及保留时间等限制条件能进一步提高

分析结果的准确度。
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结果

为了确认抗体Fab区域二硫键的

连接方式，还原和非还原状态下的酶

切样品分别使用TripleTOF® 5600高分

辨质谱进行分析，使用信息依赖型的

采集模式，TripleTOF® 5600能全面的

获得准确的一级和二级质谱信息，

BioPharmaView™软件能自动处理高质

量的数据，对含二硫键的肽段进行归

属。

图1展示的是单抗还原和非还原两

种状态下肽图的镜像对比，在非还原

肽图中多出来的峰即为含二硫键的肽

段。通过数据分析，最终确认了抗体

Fab区域中5对二硫键，包括两对轻链链

内的二硫键，C23-C88和C134-C194；

两对重链链内的二硫键，C22-C96和

C150-C206以及一对链间的二硫键

C214-C226。图2-4展示的分别是轻链

链内C134-C194，重链链内C22-C96以

及轻链和重链链间C214-C226三对二硫

键一级和二级质谱的鉴定结果。

 

p 2 
 

reducing conditions. Native and reduced tryptic digests were 
separated using a Shimadzu UFLCXR system equipped with a 
Kinetex C18 column (Phenomenex, 2.1 x 100 mm, 3 μm). 
Solvent A consisted of 2% acetonitrile and 0.1% formic acid, and 
solvent B consisted of 98% acetonitrile with 0.1% formic acid. 
Samples were injected and analyzed under high-flow conditions 
(0.2 mL/min).

Mass Spectrometry: LC-MS/MS analysis of peptides separated 
under high-flow conditions was completed using a TripleTOF® 
5600 System (SCIEX, CONCORD, ON) coupled to a 
DuoSpray™ Ion Source. A generic information dependent 
acquisition (IDA) workflow was employed as follows: 1) an MS 
scan was acquired in high-resolution mode using an 
accumulation time of 250 ms per spectrum; 2) followed by the 
acquisition of 20 MS/MS scans of 50 ms each; 3) after peak 
selection, each previously acquired ion was placed on a dynamic 
exclusion list for 5s. Rolling collision energy and a collision 
energy spread of 5 V were used. 

Data Processing: Experimental accurate mass data was 
compared to a list of theoretical peptide masses generated within 
a pre-defined mass error tolerance for the automatic 
identification of disulfide bond pairings using BioPharmaView 
Software. Peptide sequence information and any corresponding 
post-translational modifications were assigned to each peak 

during the analysis. Additional criteria in the peptide ion selection 
process, such as MS/MS scoring, inclusion of multiple charge 
states and retention time (RT) filtering, were used to ensure the 
correct assignment of disulfide bonds.

RESULTS 
To investigate the pattern of disulfide bonds in the Fab region of 
a mAb, native and reduced tryptic peptides were analyzed using 
the TripleTOF 5600 System, a high-speed hybrid instrument that 
acquired accurate mass MS and MS/MS data simultaneously 
using an IDA workflow. This high-resolution accurate mass 
information provides increased depth to the structural 
characterization process and permits researchers to differentiate 
more easily between closely related species and to confirm 
structural details more quickly. BioPharmaView Software was 
able to assign identity to each disulfide-containing peak using the 
high-quality, high-resolution structural information acquired 
through IDA experiments on the TripleTOF System.  

The comparative profile of the reduced and non-reduced digest 
(Figure 1) predominantly mirror each other; however, there are 
unpaired peaks in the non-reduced and native profiles, which 
indicate the presence of disulfide-linked peptides and reduced 
peptides that were prior disulfide partners, respectively (Figure1).  

In total, five disulfide pairs in the mAb Fab region were identified: 
two intra-light-chain pairs (C194-C134 and C23-C88), two intra-

heavy-chain pairs (C22-C96 and C150-C206), and one inter-

Figure 1. The comparative profiling of tryptic peptides from a mAb under reducing (pink trace) and non-reducing (blue trace) conditions is 
shown. Non-reduced peaks that do not align with a peak in the reduced trace indicate the presence of disulfide-linked peptides.
图1. 单抗还原（红色）和非还原（蓝色）状态下肽图对比，非还原肽图中多出来的峰即为含二硫键的肽段。
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chain disulfide bond 
between the heavy and 
light chain (C226-C214).  

Included below are three 
representative examples 
of accurate-mass MS 
spectra and the 
corresponding MS/MS 
data that were used to 
characterize disulfide 
bond pairs from different 
regions of the Fab 
fragment:  

 A disulfide bond 
located within the light 
chain (C194-C134, 
Figure 2)  

 A disulfide located in 
the heavy chain (C22-
C96, Figure 3) 

 A disulfide located 
between the light and 
heavy chain (C226-

C214, Figure 4) 

The extracted 
chromatograms or base 
peak chromatograms 
(upper panels, Figures 2-
4) highlight the relevant 
species that were 
evaluated for disulfide 
bonding. In the middle 
panels, peak 
characteristics–such as 
RT, theoretical and 
observed m/z, MS/MS 
spectra scores, and the 
predicted charge-state–are 
catalogued in a table. 
Because of the high 
quality of the MS and 
MS/MS data, multiple 
charge states can be 
identified for each peptide, 
which builds significant 

Figure 2. Automated identification of the disulfide bond C194-C134 in the light chain of the  Fab. An extracted 
ion chromatogram (XIC) trace displays peaks obtained during TOF MS analysis of the tryptic digest (upper 
panel). BioPharmaView™ Software automatically identified four charge states for the C194-C134 disulfide-
containing peptide with a good MS/MS score (middle panel, +3, +4, +5, and +6). A high-resolution TOF MS 
spectrum of the disulfide-containing peptide is displayed (lower left panel), and the corresponding MS/MS 
spectrum shows the fragment ions for that peptide (lower right panel).

Figure 3. Automated identification of the disulfide bond C22-C96 in the heavy chain of the Fab. An extracted 
ion chromatogram (XIC) trace displays peaks obtained during TOF MS analysis of the tryptic digest (upper 
panel). BioPharmaView™ Software automatically identified three charge states for the C22-C96 disulfide-
containing peptide with a good MS/MS score (middle panel, +3, +4 and +5). A high-resolution TOF MS 
spectrum of the disulfide-containing peptide is displayed (lower left panel), and the corresponding MS/MS 
spectrum shows the fragment ions for that peptide (lower right panel).

图2. 轻链链内C134-C194二硫键的鉴定结果，第一栏展示的是对应肽段的一级提取离子

色谱图，第二栏展示的是C134-C194二硫键通过软件确认的4个电荷态以及二级的得分，

第三栏展示的是对应二硫键肽段的一级和二级质谱图。

图2-4中提取的离子色谱图即为对应的含二硫键的肽段，中间一栏

展示的是保留时间、电荷态、理论和实际的质荷比以及二级谱图得分等

相关信息。由于一级和二级质谱图的质量非常高，含二硫键肽段的多个

电荷态均能被确认，进一步提高分析结果的准确度。
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Figure 2. Automated identification of the disulfide bond C194-C134 in the light chain of the  Fab. An extracted 
ion chromatogram (XIC) trace displays peaks obtained during TOF MS analysis of the tryptic digest (upper 
panel). BioPharmaView™ Software automatically identified four charge states for the C194-C134 disulfide-
containing peptide with a good MS/MS score (middle panel, +3, +4, +5, and +6). A high-resolution TOF MS 
spectrum of the disulfide-containing peptide is displayed (lower left panel), and the corresponding MS/MS 
spectrum shows the fragment ions for that peptide (lower right panel).

Figure 3. Automated identification of the disulfide bond C22-C96 in the heavy chain of the Fab. An extracted 
ion chromatogram (XIC) trace displays peaks obtained during TOF MS analysis of the tryptic digest (upper 
panel). BioPharmaView™ Software automatically identified three charge states for the C22-C96 disulfide-
containing peptide with a good MS/MS score (middle panel, +3, +4 and +5). A high-resolution TOF MS 
spectrum of the disulfide-containing peptide is displayed (lower left panel), and the corresponding MS/MS 
spectrum shows the fragment ions for that peptide (lower right panel).
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Figure 4. Automated identification of the disulfide bond C226-C214 between the heavy and light chain of the  Fab. An extracted ion 
chromatogram (XIC) trace displays peaks obtained during TOF MS analysis of the tryptic digest (upper panel). BioPharmaView™ Software 
automatically identified two charge states for the C226-C214 disulfide-containing peptide with a good MS/MS score (middle panel, +3 and 
+4). A high-resolution TOF MS spectrum of the disulfide-containing peptide is displayed (lower left panel), and the corresponding MS/MS 
spectrum shows the fragment ions for that peptide (lower right panel).

confidence in the disulfide-bond assignments.  

BioPharmaView Software automates the peak assignment based 
on the MS information uses and MSMS fragment ion information 
for scoring. The scoring algorithm is based on b & y fragment 
ions annotation, mass accuracy along with many other 
parameters. The user has the flexibility to set the threshold value 

of the score for auto-validation of the data, thereby providing an 

automatic way for the software to identify the higher quality 
matches (middle panels, Figures 2-4).  The coverage of 
individual b and y ions with or without the disulfide bond for 
disulfide linkage C226-C214 is shown in Figure 5 & table 1, 

Figure 5: MSMS annotation of Disulfide linkage C226-C214. The b- and y- ions of individual as well as bonded peptide provides the high 
level of confidence in identification and localization of linkage.

图3. 重链链内C22-C96二硫键的鉴定结果，第一栏展示的是对应肽段的一级提取离子色谱图，第二栏展示的是C22-C96二硫键通过软件确认的3个

电荷态以及二级的得分，第三栏展示的是对应二硫键肽段的一级和二级质谱图。

图4. 轻链和重链链间C214-C226二硫键的鉴定结果，第一栏展示的是对应肽段的一级提取离子色谱图，第二栏展示的是C214-C226二硫键通过软

件确认的2个电荷态以及二级的得分，第三栏展示的是对应二硫键肽段的一级和二级质谱图。
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BiopharmaView™软件通过一级的质量精度和二级

谱图的得分自动对肽段进行鉴定，二级谱图的打分是基

于b,y离子，质量精度以及其它参数。用户可以方便的设

置二硫键肽段得分的阈值，软件可以自动的鉴定得分在
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Figure 4. Automated identification of the disulfide bond C226-C214 between the heavy and light chain of the  Fab. An extracted ion 
chromatogram (XIC) trace displays peaks obtained during TOF MS analysis of the tryptic digest (upper panel). BioPharmaView™ Software 
automatically identified two charge states for the C226-C214 disulfide-containing peptide with a good MS/MS score (middle panel, +3 and 
+4). A high-resolution TOF MS spectrum of the disulfide-containing peptide is displayed (lower left panel), and the corresponding MS/MS 
spectrum shows the fragment ions for that peptide (lower right panel).

confidence in the disulfide-bond assignments.  

BioPharmaView Software automates the peak assignment based 
on the MS information uses and MSMS fragment ion information 
for scoring. The scoring algorithm is based on b & y fragment 
ions annotation, mass accuracy along with many other 
parameters. The user has the flexibility to set the threshold value 

of the score for auto-validation of the data, thereby providing an 

automatic way for the software to identify the higher quality 
matches (middle panels, Figures 2-4).  The coverage of 
individual b and y ions with or without the disulfide bond for 
disulfide linkage C226-C214 is shown in Figure 5 & table 1, 

Figure 5: MSMS annotation of Disulfide linkage C226-C214. The b- and y- ions of individual as well as bonded peptide provides the high 
level of confidence in identification and localization of linkage.

图5. 轻链和重链链间C214-C226二硫键二级碎片的归属，通过b,y离子能确认肽段的序列以及二硫键的连接位点。

表1. 轻链和重链链间C214-C226二硫键二级碎片的信息，BiopharmaView™软件能自动对二级碎片进行归属，确定二硫键的连接位点。
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which is usually sufficient for high level of confidence in 
identification and assignment of the disulfide linkage position. 

CONCLUSION 
An automated and efficient peptide mapping workflow in 
BioPharmaView Software was used to successfully locate and 
identify all disulfide-containing linkages in the Fab region of a 
mAb. To pinpoint the location of the five disulfide-containing 
peptides, the profiles for reduced and native tryptic peptides 
were compared in PeakView®  Software, and non-aligning 
peaks were further sequenced and structurally characterized in 

BioPharmaView Software.  BioPharmaView Software 
automatically evaluated multiple factors before validating the 
identity for each peptide–such as b and y ion annotation, MS/MS 
scoring, multiple charge states, retention time, and mass 
accuracy. In aggregate, this workflow for disulfide-bond analysis 
benefits from the combination of high-quality accurate-mass MS 
and MS/MS data obtained simultaneously on a high-resolution 
TripleTOF System and the remarkable automation of the peak 
assignment by BioPharmaView Software, thus simplifying data 
processing, reporting and  therefore reducing the overall 
processing time.

 

 

 

Fragment Type Mono. 
m/z

Error 
(Da) Charge Mono. Mass Nomenclature Fragment

RGEC[*1] / SC[*1]D b,y 384.13 0.032 2 766.24 1-y4; 2-b3, +2 RGEC[*1] / SC[*1]D 

C[*1] / C[*1]DKTHL 2y 418.18 -0.004 2 834.34 1-y1;2-y6, +2 C[*1] / C[*1]DKTHL

C[*1] / SC[*1]DKTHL y 461.69 -0.004 2 921.37 1-y1;2-y7, +2 C[*1] / SC[*1]DKTHL

SFNRGEC[*1] / SC[*1]DKTHL  y 538.23 -0.003 3 1611.68 1-y7; 2-y7, +3 SFNRGEC[*1] / SC[*1]DKTHL

NRGEC[*1] / SC[*1]DKTH b,y 624.25 -0.006 2 1246.48 1-y5; 2-b6, +2 NRGEC[*1] / SC[*1]DKTH

SFNRGEC[*1] / C[*1]DKT b,y 629.25 -0.010 2 1256.49 1-y6; 2-b5, +2 SFNRGEC[*1] / C[*1]DKT

FNRGEC[*1] / SC[*1]DKT b,y 629.25 -0.010 2 1256.49 1-y7; 2-i2,5, +2 FNRGEC[*1] / SC[*1]DKT 

NRGEC[*1] / SC[*1]DKTHL y 689.80 -0.004 2 1377.58 1-y5; 2-y7, +2 NRGEC[*1] / SC[*1]DKTHL 

SFNRGEC[*1] / SC[*1]DKTH b 741.30 -0.005 2 1480.58 1-y7;2-2-b6 SFNRGEC[*1] / SC[*1]DKTH 

C[*1] / C[*1]DKTHL 2y 835.34 -0.006 1 834.34 1-y1;2-y6 C[*1] / C[*1]DKTHL 

NRGEC[*1] / SC[*1]D b,y 881.29 0.003 1 880.28 1-y5;2-b3 NRGEC[*1] / SC[*1]D 

C[*1] / SC[*1]DKTHL y 922.38 -0.005 1 921.37 1-y1;2-y7 C[*1] / SC[*1]DKTHL 

SFNRGEC[*1] / SC[*1] b 1000.36 0.001 1 999.35 1-y6;2-b2 SFNRGEC[*1] / SC[*1] 

SFNRGEC[*1] / C[*1]D b,y 1028.36 0.006 1 1027.35 1-y6;2-b3 SFNRGEC[*1] / C[*1]D 

FNRGEC[*1] / SC[*1]D b,y 1028.36 0.006 1 1027.35 1-y7;2-i2,3 FNRGEC[*1] / SC[*1]D 

SFNRGEC[*1] / SC[*1]D b 1115.39 0.004 1 1114.38 1-y7;2-b3 SFNRGEC[*1] / SC[*1]D 

SFNRGEC[*1] / C[*1]DK b,y 1156.45 -0.022 1 1155.44 1-y6;2-b4 SFNRGEC[*1] / C[*1]DK 

FNRGEC[*1] / SC[*1]DK b,y 1156.45 -0.022 1 1155.44 1-y7;2-i2,4 FNRGEC[*1] / SC[*1]DK 

AB Sciex is doing business as SCIEX. 

© 2017 AB Sciex. For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners.  
AB SCIEX™ is being used under license.  
Document number: RUO-MKT-02-3213-A 

 

 

 

Table 1: The HL Chain C226-C214 bonded peptide fragment ion information is shown. The MS/MS fragment Ion assignment provided by 
the BioPharmaView Software helps with accurate location of disulfide bonds.
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阈值之上的含二硫键的肽段。图5和表1展示的是轻链和

重链链间C214-C226二硫键二级碎片的信息，通过这些

二级碎片可以确认二硫键的连接位点。
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结论

BiopharmaView™软件能自动、快速的处理肽图的

分析数据，确认抗体Fab区域内所有的含二硫键的肽段。

在二硫键分析的过程中，首先将还原和非还原的肽图数

据进行比对，锁定含二硫键的肽段，BiopharmaView™

软件通过b,y离子，二级谱图得分，电荷态，保留时间，

质量精度等指标对含二硫键的肽段进行确认。在整个二

硫键的分析流程中，TripleTOF®高分辨质谱仪能获得全面

的、精确的一级和二级质谱信息，配合全自动的搜索软

件能极大的提升二硫键的分析速度。

致谢

SCIEX中国团队肖志良的翻译工作！
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使用SCIEX X500B QTOF质谱系统对人源C1酯酶抑制剂

（Human C1 esterase inhibitor）的O连接糖型表征分析

Method Development for O glycan Detection in Human C1 esterase inhibitor using SCIEX X500B 
system

罗继，郭立海，靳文海，窦鹏 

SCIEX，中国

引言

众多重组治疗性蛋白中，蛋白糖基化在蛋白稳定

性、体内活性、溶解性、半衰期及免疫原性等方面起着

至关重要的作用。糖基化信息的获得有利于帮助建立重

组蛋白药物中结构-功能的关系。常见蛋白糖基化糖型

分为N连接糖基化和O连接糖基化两种。其中N糖基化

糖型分析具有成熟的分析方案，通常采用单一内切酶

（PNGF）将N糖基化糖型从蛋白上酶切释放并采用2AB

等试剂标记，从而进行LC-MS分析进行糖型表征并定

量。而由于不存在单一酶能将O糖基化糖型进行酶切释

放，O糖基化糖型的表征一直是业内难点。因此急需开

发一种广谱、快速的方法对重组蛋白中所有O糖基化糖

型进行表征分析。

人源C1酯酶抑制剂是一种包含478个氨基酸的糖蛋

白，在其蛋白N端包含数个可能的O糖基化位点。本文我

们基于SCIEX X500B QTOF高分辨质谱系统开发了一种快

速、综合的分析方法对重组蛋白人源C1酯酶抑制剂中的

O糖基化糖型进行表征分析，单针进样共鉴定到样本中

四种不同的O-糖基化糖型。该方法省事、快速，同时也

适用于其他具有挑战性的蛋白O糖基化糖型分析。

材料和方法

人源C1酯酶抑制剂来自于商品化产品。BlotGlyco® 

O糖前处理试剂盒由日本住友电木株式会社友情提供。

三乙胺、乙酸、乙酸酐、二甲基亚砜、水、甲醇、乙腈

等试剂购自Sigma公司。

人源C1酯酶抑制剂中O糖基化糖型制备

A) 释放糖蛋白中的O-糖

1.  向含有O-糖释放试剂的反应管中加入糖蛋白溶液

2.  密封55℃反应5小时

3.  60℃真空离心过夜，去除剩余反应试剂

B) O-糖纯化

离心浓缩处理后O-糖样品溶于20 μL水

4. 向反应管中加入O-糖捕获磁珠（Beads）

5.  80℃反应1小时以捕获O-糖

6. 冲洗磁珠并离心

7. 室温下加入封闭试剂反应半小时以封闭磁珠上多余的

活性基团

8.  冲洗磁珠并离心

9. 在 70℃反应1.5小时从磁珠上释放O-糖.

C) 普鲁卡因胺标记纯化后O-糖

10. 反应管中加入普鲁卡因胺标记试剂60℃反应2小时并

回收标记后的O-糖样品

11. 乙腈稀释后用纯化小柱纯化去除多余标记试剂

12. 30 μL水洗脱，回收纯化后样品以备后续分析

色谱条件

色谱柱： 2.1×100 mm, 3 µm, 100 Å 氨基柱　

流动相A：40% ACN in 0.1% Formic Acid

流动相B：90% ACN in 0.1% Formic Acid

流速：0.3 mL/min
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柱温：40 ℃

进样量：6 µL

梯度：

Time Module Event Parameter
1.00 Pumps Pump B Conc. 98
48.00 Pumps Pump B Conc. 8
52.00 Pumps Pump B Conc. 8
52.50 Pumps Pump B Conc. 98
62.00 System Controller Stop

质谱条件

质谱采用SCIEX X500B高分辨质谱系统，正离子模式

数据采集。扫描方式为经典的数据依赖性扫描（IDA）。

1次一级质谱扫描（250ms）触发5次二级质谱扫描 

（75ms）。动态背景扣除（DBS）功能开启。具体参数

如下所示：

Mass rang(TOF MS) 200m/z-1500m/z
Mass rang(TOF MSMS) 100m/z-1500m/z

CUR 30psi

GS1 50psi

GS2 50psi

Temp 500℃

ISV 5500

DP 100

CE 20±10

数据处理

数据采集及峰导出由SCIEX OS 1.2完成，导出后的

峰列表数据再导入GlycoWorkbench 2软件进行O-糖型鉴

定。最后利用高质量的MSMS图谱对鉴定到的O-糖糖型

进行手动确认。

结果

通过将数据导入GlycoWorkbench 2软件，共鉴定到

六种不同的O-糖糖型，其中包括两种peeling产物，剩

下四种糖型为人源C1酯酶抑制剂中可能存在的糖型。

六种O糖糖型分别为GlaNAc、Hex、(Hex)1(NeuAc)1、

(G laNAc)1 (Hex )1、 (G laNAc)1 (Hex )1 (NeuAc)1、

 

For Research Use Only. Not for use in diagnostic procedures. 
© 2014 SCIEX. The trademarks mentioned herein are the property of  Sciex Pte. Ltd. or their respective owners. SCIEX™ is being used under license. 
 

 

北京分公司 
地址：北京市朝阳区酒仙桥中路24号院1号楼5层 
电话：010-58081388 
传真：010-58081390 
www.sciex.com                                                                            
 

上海分公司 
地址：上海市长宁区福泉北路518号1座502室 
电话：021-24197200 
传真：021-24197333 
www.sciex.com                                                                              

广州分公司 
地址：地址: 广州市天河区珠江西路15号珠江城

1907室 
电话：020-85100200 
传真：020-38760835 
www.sciex.com                                                                          
 

2 
 

色谱条件 
色谱柱： 2.1x100mm, 3µm, 100Å 氨基柱  
流动相A：40% ACN in 0.1% Formic Acid 
流动相B：90% ACN in 0.1% Formic Acid 
流速：0.3mL/min 
柱温：40℃ 
进样量：6µL 
梯度： 
Time           Module           Event           Parameter 
1.00  Pumps    Pump B Conc. 98 
48.00 Pumps    Pump B Conc. 8 
52.00 Pumps    Pump B Conc. 8 
52.50  Pumps    Pump B Conc. 98 
62.00 System Controller                     Stop 
 
质谱条件 

质谱采用 SCIEX X500B 高分辨质谱系统，正离

子模式数据采集。扫描方式为经典的数据依赖性扫

描(IDA) 。1 次一级质谱扫描 (250ms) 触发 5 次二级

质谱扫描 (75ms) 。动态背景扣除(DBS)功能开启。

具体参数如下所示： 
 
Mass rang(TOF MS) 200m/z-1500m/z 
Mass rang(TOF MSMS) 100m/z-1500m/z 

CUR 30psi 
GS1 50psi 
GS2 50psi 

Temp 500℃ 
ISV 5500 
DP 100 
CE 20±10 

 
数据处理 

数据采集及峰导出由 SCIEX OS 1.2 完成，导出

后的峰列表数据再导入 GlycoWorkbench 2 软件进行

O-糖型鉴定。最后利用高质量的 MSMS 图谱对鉴定

到的 O-糖糖型进行手动确认。 

 

 
图 1、在 SCIEX OS 软件中对所测质谱峰进行去卷积并导出峰列

表用于糖型检索 

 
图 2、Glycoworkbench2 软件中利用一级精确分子量对糖型进行

鉴定 

结果 
通过将数据导入GlycoWorkbench 2软件，共

鉴定到六种不同的O-糖糖型，其中包括两种

peeling产物，剩下四种糖型为人源C1酯酶抑制

剂中可能存在的糖型。六种O糖糖型分别为

GlaNAc 、 Hex 、 (Hex)1(NeuAc)1 、

(GlaNAc)1(Hex)1、 (GlaNAc)1(Hex)1(NeuAc)1、

(GlaNAc)1(Hex)1(NeuAc)2 。 其 中 Hex 及

(Hex)1(NeuAc)1为Peeling产物，即该类物质为

在样本前处理过程中由其他糖型产生中性丢失单

糖而成的产物。 
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色谱条件 
色谱柱： 2.1x100mm, 3µm, 100Å 氨基柱  
流动相A：40% ACN in 0.1% Formic Acid 
流动相B：90% ACN in 0.1% Formic Acid 
流速：0.3mL/min 
柱温：40℃ 
进样量：6µL 
梯度： 
Time           Module           Event           Parameter 
1.00  Pumps    Pump B Conc. 98 
48.00 Pumps    Pump B Conc. 8 
52.00 Pumps    Pump B Conc. 8 
52.50  Pumps    Pump B Conc. 98 
62.00 System Controller                     Stop 
 
质谱条件 

质谱采用 SCIEX X500B 高分辨质谱系统，正离

子模式数据采集。扫描方式为经典的数据依赖性扫

描(IDA) 。1 次一级质谱扫描 (250ms) 触发 5 次二级

质谱扫描 (75ms) 。动态背景扣除(DBS)功能开启。

具体参数如下所示： 
 
Mass rang(TOF MS) 200m/z-1500m/z 
Mass rang(TOF MSMS) 100m/z-1500m/z 

CUR 30psi 
GS1 50psi 
GS2 50psi 

Temp 500℃ 
ISV 5500 
DP 100 
CE 20±10 

 
数据处理 

数据采集及峰导出由 SCIEX OS 1.2 完成，导出

后的峰列表数据再导入 GlycoWorkbench 2 软件进行

O-糖型鉴定。最后利用高质量的 MSMS 图谱对鉴定

到的 O-糖糖型进行手动确认。 

 

 
图 1、在 SCIEX OS 软件中对所测质谱峰进行去卷积并导出峰列

表用于糖型检索 

 
图 2、Glycoworkbench2 软件中利用一级精确分子量对糖型进行

鉴定 

结果 
通过将数据导入GlycoWorkbench 2软件，共

鉴定到六种不同的O-糖糖型，其中包括两种

peeling产物，剩下四种糖型为人源C1酯酶抑制

剂中可能存在的糖型。六种O糖糖型分别为

GlaNAc 、 Hex 、 (Hex)1(NeuAc)1 、

(GlaNAc)1(Hex)1、 (GlaNAc)1(Hex)1(NeuAc)1、

(GlaNAc)1(Hex)1(NeuAc)2 。 其 中 Hex 及

(Hex)1(NeuAc)1为Peeling产物，即该类物质为

在样本前处理过程中由其他糖型产生中性丢失单

糖而成的产物。 
 

图1. 在SCIEX OS软件中对所测质谱峰进行去卷积并导出峰列表用于糖

型检索。

图3. 实验鉴定六种O-糖糖型一级质谱提取离子流量（XIC）图。

图2. Glycoworkbench2软件中利用一级精确分子量对糖型进行鉴定。
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图3、实验鉴定六种O-糖糖型一级质谱提取离子流量（XIC）图 
 
保留时间 离子类型 理论m/z 实测m/z 糖型 
16.172 [M+H]1+ 400.2447 400.2445 Hex 
16.264 [M+H]1+ 441.2713 441.2711 GlaNAc 
19.769 [M+H]1+ 691.3401 691.3394 (Hex)1(NeuAc)1 
20.743 [M+H]1+ 603.3241 603.3233 (GlaNAc)1(Hex)1 
21.931 [M+H]1+ 894.4195 894.4202 (GlaNAc)1(Hex)1(NeuAc)1 
25.102 [M+2H]2+ 593.2603 593.2621 (GlaNAc)1(Hex)1(NeuAc)2 

表1、六种O-糖糖型一级检索结果（GlycoWorkbench 2） 
 

 
图 4、O-糖糖型 Hex 对应一级谱图 

 

 
图 5、O-糖糖型 GlaNAc 对应一级谱图 

 
X500B 质谱系统在获得复杂 O-糖糖型一级 (MS) 

质谱图的同时获得其对应的二级质谱 (MSMS) 谱图，

可利用二级碎片离子对 O-糖糖型结构做进一步手动

确认。 

 
图6、O-糖糖型(Hex)1(NeuAc)1对应一级谱图及二级谱图 

 

 
图 7、O-糖糖型(GlaNAc)1(Hex)1 对应一级谱图及二级谱图 

 

 
图 8、O-糖糖型(GlaNAc)1(Hex)1(NeuAc)1 对应一级谱图及二级

谱图 
 

(GlaNAc)1(Hex)1(NeuAc)2。其中Hex及(Hex)1(NeuAc)1为

Peeling产物，即该类物质为在样本前处理过程中由其他

糖型产生中性丢失单糖而成的产物。

X500B质谱系统在获得复杂O-糖糖型一级 (MS) 质谱

图的同时获得其对应的二级质谱 (MSMS) 谱图，可利用

二级碎片离子对O-糖糖型结构做进一步手动确认。
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结论

生物药中O-糖糖型分析一直是业内难点。在对生物

药表征过程中，如果未对样本中O-糖糖型进行鉴定，同

时也会影响其他表征实验结果，如影响蛋白序列覆盖度

等。本次实验采用一种快速、简便的O糖分析LCMS方

法，在SCIEX X500B QTOF质谱上对人源C1酯酶抑制剂蛋

白中的O糖糖型进行了准确的鉴定。该方法为O糖糖型定

性分析提供了一种新的途径。
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图8. O-糖糖型(GlaNAc)1(Hex)1(NeuAc)1对应一级谱图及二级谱图。

图7. O-糖糖型(GlaNAc)1(Hex)1对应一级谱图及二级谱图。

图6. O-糖糖型(Hex)1(NeuAc)1对应一级谱图及二级谱图。

图9. O-糖糖型(GlaNAc)1(Hex)1(NeuAc)2对应一级谱图及二级谱图。
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图 9、O-糖糖型(GlaNAc)1(Hex)1(NeuAc)2 对应一级谱图及二级

谱图 
 

 

结论 
生物药中 O-糖糖型分析一直是业内难点。在对

生物药表征过程中，如果未对样本中 O-糖糖型进行

鉴定，同时也会影响其他表征实验结果，如影响蛋

白序列覆盖度等。本次实验采用一种快速、简便的

O 糖分析 LCMS 方法，在 SCIEX X500B QTOF 质

谱上对人源 C1 酯酶抑制剂蛋白中的 O 糖糖型进行

了准确的鉴定。该方法为 O 糖糖型定性分析提供了

一种新的途径。 
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图4. O-糖糖型Hex对应一级谱图。

图5. O-糖糖型GlaNAc对应一级谱图。

表1. 六种O-糖糖型一级检索结果（GlycoWorkbench 2）。
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生物药分析解决方案                                                    

生物制药的开发和生产过程非常复杂，即使是微量

杂质，或诸如糖基化及电荷异质性等属性的变化，也会

对最终产品的安全性和功效产生重要的影响。传统方法

通常需要多种分析技术来评估生物制药产品的所有属

性，但其必然带来更多时间和资源的支出。

多属性方法学（MAM）是一种基于肽图分离与高分

辨率质谱联用的正交方法，正迅速成为表征和监测生物

制药属性的有力工具。利用此方法可对广泛的属性范围

进行监测。 MAM可用于评估，跟踪和提供肽段水平上

多种特定生物产品质量属性的详细数据（图1）。除了跟

踪制剂分子本身之外，MAM还可用于检测与生物制剂生

产相关的已知杂质，以及样品中未知的、不存在相应标

准的杂质（新峰）。

MAM工作流程成功实现的关键是可对工作流程所

有方面进行管理的软件，包括：产品质量属性（PQA）

定义，跟踪和量化；检测已知和未知杂质，以及产出

报告。 本文描述了SCIEX BioPharmaView™ 3.0软件在

MAM工作流程管理中的应用。 BioPharmaView™软件可

以在一个项目中管理MAM工作流程的所有方面，消除了

使多个软件包带来的不必要的复杂性。

主要特点

• 除传统的核心表征工作流程外，BioPharmaView™软

件还为MAM工作流程提供单一软件解决方案，例如

完整质量分析，亚基分析和肽谱分析

• 可在单个平台上创建简单方法

• 强大的产品表征，属性定义和跟踪及定量能力

利用单一软件多属性方法（MAM）评估生物制药产品质

量属性

BioPharmaView™ 3.0 软件在精简的MAM流程中的应用

 Zoe Zhang2, Fan Zhang2, Sean McCarthy1

1 SCIEX Framingham, MA (USA),  2 SCIEX Redwood City, CA (USA)

RUO-MKT-02-7507-ZH-A

生物制剂PQA评价
LC-MS 

MAM流程
SEC CEX CE-SDS HILIC ELISA

脱酰胺化

糖化

高甘露糖型

单肽段

糖基化

CDR色氨酸降解

C-端赖氨酸缺失

错误插入

C端酰胺化

岩藻糖基化

残余蛋白A

宿主细胞蛋白

聚集

半胱氨酸加合物评价

图1. 传统测定与精确质量LC-MS MAM测定对一组选定的生物治疗属性

的比较。

• 根据特定用户需求，灵活地进行属性评估的自定义计

算

• 可靠地检测和监测指定和未指定的杂质

• 诊断目标属性产出简明的审查和报告

方法创建

在BioPharmaView™软件中创建多属性分析非常简

便。 MAM分析从目标蛋白质序列的定义开始。如果目

标蛋白具有多个链，则需如图2所示单独定义。添加已

知的二硫键和可能存在的任何修饰，将其定位于序列

内的特定氨基酸上。 未包含在BioPharmaView™软件
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进行处理，BioPharmaView™软件即可自动对样品进行

表征。基于已定义的搜索参数，通过MS和MS/MS数据的

关联进行肽段的匹配。处理完成后即可在单一界面轻松

查看肽图结果。为了加快结果分析，可以使用各种可用

的过滤条件轻松地对结果进行排序。

已定义的肽段修饰在肽图结果中可自动注释，并

且在结果分析中可方便地进行筛选。在修饰无自动定

位的情况下，可根据处理的数据中预填充评分结果来

指导修饰位置的分配。修改完成后，定位信息将用于

正在进行的研究中。表征完成后，更新的分析信息可

用于批量分析。

属性定义

在BioPharmaView™软件中可以轻松定义目标属

性，如图4所示。在表征中使用相同的过滤标准，可以在

肽集中编译目标属性。每个属性都在其所在的肽集中捕

获，该肽集包含与定义的过滤条件匹配的所有数据。属

性肽集可被命名，并可在项目内和项目之间共享。共享

肽集可减少定义分析所需的总时间，并可减少定义肽集

时的变异性。

使用定义的肽集，可根据高度灵活的自定义计算引

擎计算属性水平。自定义计算可使用户能够自行确定每

个属性级别，如图4所示。定义每个属性后，计算值将添

加分析中，展示在同一个表内。可定义或监测的属性数

量没有实际限制，提供了同时监测大量属性的灵活性。

中的修饰可在设置中轻松自定义添加，并应用于所有

BioPharmaView™项目中。

除了目标蛋白序列之外，也可输入任何已知的杂质

序列可作为靶向肽或蛋白质序列。使用为目标蛋白定义

的参数，在计算机模拟消化时可将杂质序列进行相同的

处理。在整个工作流程中，杂质序列也会被搜索和呈

现，以便于与目标蛋白区分。

进一步完成分析信息（Assay information）需要设

置一系列内置的半胱氨酸烷基化试剂和消化酶等消化参

数，以及在数据中搜索时的最大修饰数目和漏切数目，

如图3所示。
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Method Creation
Creation of a multiple attribute assay in BioPharmaView software 
is simple and streamlined. The assay starts with the definition of 
the target protein sequence. If multiple chains are required, each 
is defined separately as shown in Figure 2. Known disulfide 
linkages and any modifications that may be present are applied,
entered, and positioned to specific amino acids within the 
sequence. Desired modifications not built into BioPharmaView
software can easily be added. These custom modifications are 
then available for use across all BioPharmaView projects.

In addition to the target biotherapeutic, any known impurity 
sequences are entered separately as a targeted peptide or protein 
sequence. Impurity sequences are treated identically to the target 
molecule during in-silico digestion, using the parameters defined 
for the biotherapeutic. Impurity sequences are searched and 
presented separately throughout the workflow for easy distinction 
from the biotherapeutic.

Figure 2. Definition of protein sequence, disulfide bonds, and 
modifications within BioPharmaView software

The assay information is completed by definition of digestion 
parameters using a range of built-in cysteine alkylation reagents 
and digestion enzymes. The maximum number of modifications 
and missed cleavages to search within the data is also defined,
as shown in Figure 3.

Figure 3. Definition of search parameters and definition of New Peak 
Detection criteria for batch analysis.

Characterization
Using the defined assay information, acquired data is submitted 
for processing. Characterization of samples is accomplished
automatically by the BioPharmaView software. Peptide 
assignments are based on defined search parameters by 
correlation of MS- and MS/MS-level data. After processing, 
peptide results are easily reviewed using a single interface. To 
expedite review, results are easily sorted using a wide range of 
available filters.

Peptide modifications defined in the assay are automatically 
annotated in the peptide results and are easily filtered to expedite 
review. In cases where modifications are not automatically 
positioned, assignment of the position is guided using pre-
populated scoring results from processed data. When a 
modification has been positioned, the position information is used 
in ongoing studies. After characterization is complete, the assay 
information is updated for use in batch analyses.

Attribute Definition
Targeted attributes are easily defined within BioPharmaView
software as shown in Figure 4. Applying the same filter criteria 
used in characterization, targeted attributes can be compiled in 
peptide sets. Each attribute is captured within its own peptide set,
which contains all of the data that matched the defined filter 
criteria. The attribute peptide sets are named and can be shared 
within and between projects. Sharing peptide sets reduces the
overall time required to define assays and may reduce variability 
in set definition.

Using the defined peptide sets, attribute levels are calculated 
using a highly flexible custom calculation engine. Use of custom 
calculations enables users to define how each attribute level will 
be determined, as shown in Figure 4. As each attribute is defined, 
the calculated values are added to the assay displayed within a 
table. There is no practical limit to the number of attributes that 
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图2. BioPharmaView™软件中蛋白质序列，二硫键和修饰的定义。

图3. 搜索参数的定义和批量分析中新峰检测标准的定义。

图4. BioPharmaView™软件中质量属性和自定义计算的定义。
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can be defined or monitored as part of an assay, providing the 
flexibility to monitor a large number of attributes simultaneously.

Figure 4. Definition of quality attributes and custom calculations within 
BioPharmaView software

For each attribute defined in an assay, acceptance criteria are 
also defined. The range of values that are acceptable for each 
calculated attribute response is defined independently. Ranges 
may be set based on a percentage deviation from a defined value 
or as needed to be greater/less than a specific value. The defined 
ranges are used to determine overall pass/fail status of their 
corresponding attributes.

Attribute Quantification
Sample batches are submitted for processing in BioPharmaView
software, which tracks defined attributes across submitted sample 
sets. Batch analysis can be performed on TOF-MS data or 
SWATH® acquisition data. SWATH acquisition provides greater
detail by generating MS and MS/MS data for all detectable 
components in each sample. The additional fragment data 
provided by SWATH acquisition enables identification of detected 
new components without the need for reanalysis.

Processing a batch of two or more data files enables the 
comparison of samples processed in the batch. For each selected 
attribute in the assay, a concise summary is presented within the 
Attribute tab. This tab provides an overview of the calculated 
attribute levels for each sample, a pass/fail indication, and the 
range over which the attribute will pass (Figure 5).

Each attribute can be selected independently to view the 
underlying data used for each calculation. Selection of dentified 
species within the peptide results provides a view of the MS and,
if acquired, MS/MS data for the selected component. Data for 
matched peptides not included in the attribute method are 

accessed in the Matched tab. Investigation can be completed on 
each sample individually or by comparison between two or more 
samples.

Figure 5. Review of batch analysis results in BioPharmaView software. 
Results for defined attributes are presented for review with pass fail 
indication and acceptance ranges. Supporting data is easily accessed in 
the same window.

Monitoring of Known Impurities
When defined in the assay, known impurity results are presented 
in the Impurities tab of the peptide results (Figure 6), separate 
from the defined therapeutic. Each impurity is clearly indicated 
with distinct nomenclature and indication of which peptides were 
identified.

Figure 6. Detection of defined impurities. Impurity information is provided 
in a separate tab and clearly indicated as impurities.

New Peak Detection
BioPharmaView software supports new peak (unknown impurity)
detection during batch analysis if selected within the assay. The 
detection of new peaks is performed by comparing each sample 
with a control. It is important that both the control and sample are 
prepared and analyzed as part of the same study to account for 

描述

使用以上所定义的分析信息，提交质谱产出的数据
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对于分析中定义的每个属性，接受标准同样也被定

义了。每个计算出的属性响应的可接受值范围都是独立

定义的。此范围可基于与定义值的百分比偏差来设置，

或者根据需要设置为大于/小于特定值，定义的范围用于

确定其相应属性的总体处于通过/未通过状态。

属性量化

在BioPharmaView™软件中提交批量处理，可跟踪

提交的一组样品中所定义的属性。 批量处理可以对TOF-

MS数据或SWATH®采集数据进行分析。通过为每个样品

中所有可检测的组分生成MS和MS/MS数据，SWATH®采

集模式可提供更多细节。 SWATH®采集模式提供的更多

的二级数据，可以对检测到的新组分进行识别，而无需

重新分析。

处理一批包括两个或更多数据文件可以对同批处理

的样品进行比较。对于分析中的每个选定属性，将在

“Attribute”选项卡中显示简明摘要。此选项卡概述了

每个样本中计算出的属性水平，通过/失败标识以及属性

是否通过的范围（图5）。

每个属性可以被单独选择以查看每次计算中应用的

基础数据。在肽段结果中选择鉴定的肽段可显示相关的

MS和MS/MS（如果采集到）的视图。匹配到但没有包

括在属性方法中的肽段数据显示在“Matched”选项卡

中。通过此功能可单独对多个样品或对两个甚至更多个

样品之间的比较进行分析研究。
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New Peak Detection
BioPharmaView software supports new peak (unknown impurity)
detection during batch analysis if selected within the assay. The 
detection of new peaks is performed by comparing each sample 
with a control. It is important that both the control and sample are 
prepared and analyzed as part of the same study to account for 

图5. 在BioPharmaView™软件中查看批量分析结果。已定义属性的结

果展示在页面中，包括通过/失败标识以及接受范围。可以在同一窗口

中轻松访问质谱数据。
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detection during batch analysis if selected within the assay. The 
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图6. 检测定义的杂质。杂质信息显示在在单独的选项卡中，并清楚地

标记为杂质。

监测已知杂质

若在分析中进行了定义，已知的杂质结果将会呈现

在肽图结果的“Impurities”选项卡中（图6），与定义

的目标蛋白是分开的。每种杂质都清楚地用不同的命名

法表示，并指出哪些肽段被鉴定了出来。

新峰检测

如果在分析中选择了此功能，BioPharmaView™软

件即可在批量分析时进行新峰（未知杂质）检测。新峰

检测是通过将每个样品与对照进行比较进行的。重要的

是，对照和样品应在同一研究中进行制备和分析，以解

释样品制备中的变异性。新峰检测应根据当前表征工作

的指导来定义检测阈值，阈值可以根据绝对或相对信号

强度来定义（图3）。 如果检测到新峰，即使所有其他

属性参数都通过，样本也可能会自动认定为失败。

在批量处理分析中执行新峰检测时，必须将其中一

个数据文件定义为对照，对照样品用作其他样品进行比

较时的基准。通常对照样品是先前已经被表征并且充分

了解的样品。

新峰检测的结果在批量处理结果中进行了简明摘要

显示。如图7所示，结果中列出了每个样品的肽段总数，

以及检测到的杂质，还提供了检测到的新峰数量。

如果需要进一步研究新峰，则可以方便地过滤肽段

结果，仅显示标记为新检测到的组分。有关新峰的详细

信息，可以选中每个峰，并查看其相应的MS和MS/MS

谱图。如果是在之前的表征工作中已检测到的新峰，或

者不是特定关注的峰，则可轻松地改变其标注。更改新
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报告

 批量分析的结果可汇总成简明的报告，其中包括分

析信息，处理参数以及分析中定义的属性汇总表。 报

告模板是软件中的标准模板。在报告中，每个属性都被

标记为通过或失败，还展示了检测到的杂质和新峰的数

量。对于每个样本，也提供了整体通过/未通过的标识以

加快审查。

结论

BioPharmaView™软件提供了单一软件包，用于实

现自动化的、完整的MAM工作流程，包括：表征，属

性定义，自定义计算，已知杂质检测，未知杂质（新

峰）检测和报告。利用此单软件解决方案完成整个

MAM工作流程，很大程度上减少了工作量，并消除了

使用多个软件解决方案时潜在的转换错误。总而言之，

BioPharmaView™软件为MAM分析的开发和执行提供了

卓越的解决方案。

致谢

SCIEX中国团队赵颖华的翻译工作！
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variability in sample preparation. To execute new peak detection, 
the threshold for detection is defined, guided by ongoing 
characterization work. It is possible to define the threshold based 
on absolute or relative signal intensity (Figure 3). Samples may be 
automatically failed if new peaks are detected, even if all other 
attribute parameters pass.

When executing new peak detection in batch analysis, one of the 
data files must be defined as the control. The control sample 
serves as the benchmark against which the other samples that are 
compared. Often, the control sample is one that has been 
previously characterized and is well understood.

New peak detection results are presented in a concise summary 
within the batch results. As shown in Figure 7, the overall number 
of peptides for each sample is listed, as well as the impurities
detected. The number of new peaks detected is also provided in 
the results.

If further interrogation of new peaks is required, peptide results 
are easily filtered to display only those components which are 
flagged as newly detected. For detailed information on new peaks,
each can be selected and the corresponding MS and MS/MS 
spectra viewed. If a new peak has been seen previously in 
characterization efforts, or is not a specific concern, its 
designation is easily changed. Changing the status of a new peak
requires a justification for the change to be provided. This 
justification is captured as part of the assay. Detection of a new 
peak can also cause the sample to automatically fail, as 
evidenced by the red dot for the sample shown in Figure 7.

Figure 7. Results for new peak detection within BioPharmaView 
software. The number of new peaks, as well as the data supporting their 
detection, is easily displayed.

Reporting
Results from batch analyses are compiled in a concise report 
which includes assay information and processing parameters as 
well as a summary table of attributes defined in the assays. The 
report template is a standard template within the software. Within 
the report, each attribute is flagged as to whether it has passed or 
failed. The number of impurities and new peaks detected is also 
summarized. For every sample, an overall pass/fail indication is 
included to expedite review.

Conclusion
The BioPharmaView software provides a single software package 
for automating a complete MAM workflow, including:
characterization, attribute definition, custom calculations, known 
impurity detection, unknown impurity (new peak) detection, and 
reporting. The ability to complete the entire workflow within a 
single software solution reduces the effort and eliminates potential 
transcription errors associated with the use of multiple software 
solutions. Taken together, BioPharmaView software provides a 
superior solution for the development and execution of MAM 
assays.
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图7. BioPharmaView™软件中新峰检测的结果。可轻松显示新峰的数量

以及其质谱数据。

峰的状态需要提供更改的理由，该理由也被作为分析的

一部分。检测到新峰也会导致样品自动失败，显示为红

点，如图7所示。
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前言

在生物制药开发过程中，全面表征产品特性至关重

要。在表征分析中，质谱可以提供有关生物治疗产品独

一无二的深入见解，这是使用其他正交分析技术难以实

现的。近年来，有人提出了多属性方法（MAM）的概

念，这种方法可进行正交分析，在某些情况下甚至可以

取代传统方法，极大地拓展了质谱在评估潜在的产品质

量属性方面的应用（图 1）1。质谱方法的优势在于专属

性强，能够直接用于监测各项属性。简而言之，MAM 

就是通过一系列步骤表征产品特性、定义产品质量属性

及其可接受范围、追踪已知杂质，以及使用创新的峰检

测方法进行纯度评估。

在本文中，我们使用 BioPharmaView™ 软件 3.0 表

征了一种生物治疗产品。文中主要展示了为定义需要追

踪的关键质量属性而进行的表征分析。有关此工作流程

中其他步骤的讨论，请参阅本系列的其他技术概要。

使用 BioPharmaView™ 软件 3.0 检测和定义多质量属性
表征分析和质量属性鉴别

Zoe Zhang、Fan Zhang、Sean McCarthy  

SCIEX，USA

生物 PQA 评估
LC-MS MAM
工作流程 SEC CEX CE-SDS HILIC ELISA

脱酰胺作用

糖化

高甘露糖

甲硫氨酸氧化

信号肽

糖基化

CDR 色氨酸降解

C 端赖氨酸

错误掺入

C 端酰胺化

岩藻糖基化

残留蛋白 A

宿主细胞蛋白

聚集体

半胱氨酸加合物评估

图 1. 可使用 MAM 方法进行评估的属性。
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Detection and Definition of Attributes in a Multiple Attribute 
Method with BioPharmaView™ Software 3.0 
Characterization and Attribute Identification 

Zoe Zhang, Fan Zhang, Sean McCarthy 
1SCIEX, USA 
 
Introduction 

During the development of a biopharmaceutical it is critical to 
complete extensive characterization. As part of this work, the use 
of mass spectrometry provides unparalleled insight into many 
aspects of a biotherapeutics which can be challenging to 
determine using orthogonal assays. In recent years, the concept 
of a multiple attribute method (MAM) has been introduced which 
is expanding the use of mass spectrometry by providing an 
orthogonal, or in some cases displacing, assay to assess 
potential product quality attributes (Figure 1).1 A benefit of a 
mass spectrometric approach is the ability to directly monitor 
attributes due to the additional specificity provided by this 
technology. In short, the concept of MAM comprises a range of 
stages to enable characterization, definition of attributes and 
their acceptance ranges, tracking of known impurities, and the 
ability to perform a purity assessment using new peak detection.  

Presented here is the use of BioPharmaView™ Software 3.0 for 
characterization of a biotherapeutic. This discussion 
demonstrates characterization for the purpose of defining the key 
attributes to be tracked. For discussion on other steps within this 
workflow please refer to the other technical notes in this series. 

 

Key Feature of BioPharmaView™ Software 
3.0  
•  Single software solution for MAM workflows 

• Easily characterize molecules for execution of MAM assays 

• Streamlined definition of quality attributes and definition of 
custom calculations for tracking 

• Define and track known protein and peptide based impurities 
within the same workflow with the use of additional software 

• Ensure product purity with new peak detection capabilities 

• Streamlined reporting for defined attributes 

  

 

 
 

 

 

 

Figure 1. Selection of Attributes that may be Assessed using MAM 
Assay/ 

BioPharmaView™ 软件 3.0 的主要功能

•  专为 MAM 工作流程打造的一体化软件解决方案

•  能够便捷地进行分子表征，适合用于 MAM 分析

•  轻松定义质量属性和自定义计算，便于追踪

•  使用附加的软件在同一工作流程中定义和追踪已知蛋

白质和肽类的杂质

•  采用全新的峰检测功能评估产品纯度

•  精简的报告流程，轻松报告定义的属性

方法

样品制备：NIST  单克隆抗体（mAb）  标准品

（#RM8671） 购自 NIST 公司。取 10 µL 试样，在室温

下用 10 mM DTT 进行变性和还原，反应时间为 30 分

钟。接着用 20 mM 碘乙酸在室温、避光条件下对样品

进行烷基化，反应时间为 20 分钟。脱盐后，用胰蛋白

酶（Roche，测序级）在 37 ºC 下酶解 30 分钟，之后用 

三氟乙酸淬灭，直接用于分析。

色谱方法：使用配备 Agilent ZORBAX 300 SB-C18，

2.1×150 mm，1.8 µm 色谱柱的 ExionLC™ 系统进行色

谱分离，柱温 50ºC，梯度程序如表 1 所示。流动相 A 

为 0.1% 甲酸的水溶液，流动相 B 为 0.1% 甲酸的乙腈

溶液。
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Methods 
 
Sample Preparation:  NIST mAb standard (#RM8671) was 
purchased from NIST. An aliquot of 10 µl was taken and 
subjected to denaturation and reduction with 10 mM DTT at 
room temperature for 30 minutes. The sample was then 
alkylated with iodoacetic acid at 20 mM for 20 minutes in the 
dark at room temperature. After desalting, it was then digested 
with trypsin (Roche, sequence grade) for 30 min at 37 °C 
followed by quenching with TFA and used directly. 

Chromatography: Separation was accomplished using an 
ExionLC™ system fitted with a 2.1×150 mm Agilent ZORBAX 
300 SB-C18 , 1.8 µm column at 50°C with the gradient shown in 
Table 1. Mobile phase A was 0.1% formic acid in water and 
mobile phase B was 0.1% formic acid in acetonitrile. 

 Mass Spectrometry: Experiments were executed on both 
TripleTOF® 6600 and X500B platforms. Instrument conditions for 
each specific platform are presented in dedicated application 
notes for each platform. 

Data Processing: The complete data processing was performed 
using BioPharmaView Software 3.0. 

 

 

 

 Assay Definition 
Characterization of a biotherapeutic requires extensive analysis 
often spanning a wide range of experiments to understand 
molecular heterogeneity and identification of critical quality 
attributes (CQAs). For characterization with BioPharmaView 3.0 
software detailed characterization data is leveraged to develop a 
routine peptide mapping assay to focus on target attributes as 
part of ongoing characterization efforts.  

At the start of development of an assay the sequence for the 
therapeutic is defined. If there are multiple chains within the 
molecule they are defined separately to provide the flexibility for 
a range of molecular entities. As shown in Figure 2, the protein 
name as well as the name for each chain may be defined 
separately and the sequence provided for each. If additional 
chains are needed they may be added to the assay information 
providing flexibility in assay definition.  

 

Table 1. LC Gradient. 

Time (min) 
Flow Rate 
(ml/min) %A %B 

Initial 0.3 99 1 

5.0 0.3 99 1 

6.0 0.3 90 10 

50.0 0.3 65 35 

55.0 0.3 40 60 

56.0 0.3 10 90 

60.0 0.3 10 90 

62.0 0.3 99 1 

64.0 0.3 99 1 

66.0 0.3 10 90 

70.0 0.3 10 90 

72.0 0.3 99 1 

74.0 0.3 99 1 

76.0 0.3 10 90 

80.0 0.3 10 90 

82.0 0.3 99 1 

95.0 0.3 99 1 

    

 

Figure 2. Definition of Protein Sequence. Each chain of the protein 
can be entered separately and additional chains are easily entered. 
Impurity sequences are entered identically, however are captured in a 
discreetly as impurities.  

图 2. 定义蛋白质序列。用户可以单独输入蛋白质的每条链，并且可以

便捷地添加链。杂质序列以相同的方式输入，但会作为杂质进行谨慎

筛查。
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Modifications for each protein are defined using a wide range of 
built in modifications including C-terminal and N-terminal 
modifications as well as a range of internal modifications. Each 
modification may be applied to a type of amino acid or to 
particular residue within each peptide chain, such as 
glycosylation, as required, Figure 3. 

 If a particular modification is needed but is not pre-defined in 
BioPharmaView Software, they may be added easily. Each new 
modification is named and the particular residue(s) to which it 
applies are defined, Figure 4. Once the elemental composition is 
entered the molecular weight is automatically calculated. Each 
defined modification is available across all BioPharmaView 
Software projects to reduce the effort in definition in ongoing 
studies. 

The defined sequence and associated modifications are 
submitted for in-silico digestion. This is accomplished using a 
range of built in reduction/ alkylation conditions and proteolytic 
enzymes to generate the library of components to search when 
processing data.  

For characterization, information dependent analysis (IDA) and 
SWATH® acquisition data sets are easily submitted for 
processing. BioPharmaView™ software 3.0 automatically 
interrogates the submitted data set to match mass spectrometric 
data with expected peptides based on the parameters defined in 
the assay. Peptide matches are scored based on user defined 
mass accuracy requirements and overall match of observed 
MS/MS data to theoretical fragment spectra. In addition to 
peptide identification, modifications are automatically positioned 
and their relative abundance calculated.  

In some cases, positioning of modifications requires manual 
review to ensure accurate assignment. In these cases, the 
modifications are presented with an asterisk. Using the powerful 
filtering capabilities in BioPharmaView Software it is easy to filter 
peptide results to focus on specific characteristics based on a 
wide range of criteria. As shown in Figure 5, filtering to 
deamidated species is readily accomplished by using the 
modification filter. Once filtered, modifications which were not 
automatically positioned may be manually positioned by 
selecting the modification in the result table. Users are presented 
with a prepopulated list of potential modification sites. Each 
potential site is annotated with a score which guides positioning. 
Once modifications are positioned, the position is saved and is 
available for future assays. 

Overall peptide mapping results are presented in comprehensive 
tables of results of both matched and unmatched data with an 
easily accessed coverage map based on matched MS and 
MS/MS data for each protein chain. Matching parameters may 
be adjusted based on user input using an interactive interface 
which presents the impact of matching parameters on the false 
discovery rate (FDR) of the assay. 

After characterization and review are complete, the assay may 
be saved and used for ongoing studies including definition of 
attributes for a downstream MAM workflow.  

 

 

Figure 3. Definition of Modifications and Application of Modification 
to Workflows. Modifications can be searched easily to expedite assay 
definition.  

 

 

Figure 4.  Definition of Custom Modifications in BioPharmaView 
Software. Once modifications are defined they are available across all 
projects. 

  

图 3. 定义修饰并将修饰应用于工作流程。用户可以便捷地搜索修饰，

从而加快检测定义。

质谱方法：使用 TripleTOF® 6600 和 X500B 平台进

行质谱分析。两个平台的仪器条件请参阅各平台的应用

纪要。

数据处理：所有数据处理均使用 BioPharmaView™ 

软件 3.0 进行。

表 1. LC 梯度。

时间 (min) 流速 (mL/min) %A %B

初始 0.3 99 1

5.0 0.3 99 1

6.0 0.3 90 10

50.0 0.3 65 35

55.0 0.3 40 60

56.0 0.3 10 90

60.0 0.3 10 90

62.0 0.3 99 1

64.0 0.3 99 1

66.0 0.3 10 90

70.0 0.3 10 90

72.0 0.3 99 1

74.0 0.3 99 1

76.0 0.3 10 90

80.0 0.3 10 90

82.0 0.3 99 1

95.0 0.3 99 1

检测定义

生物治疗产品的表征需要进行全面分析，这通常涉

及各种不同的实验，旨在掌握分子异质性和鉴别关键质

量属性（CQA）。使用 BioPharmaView™ 3.0 软件进行表

征分析时，我们可以利用详尽的产品表征数据针对目标

属性开发常规肽图分析方法，并将其整合到正在进行的

表征研究中。

开发测定方法时，首先定义治疗产品的序列。如果

分子内存在多条链，则单独定义每条链，以提升检测不

同分子结构的灵活性。如图 2 所示，蛋白质名称以及每

条链的名称可以单独定义，并单独输入每条链的序列。

如果需要添加链，可将它们添加到测定信息中，提升检

测定义的灵活性。

使用多种预设修饰来定义每种蛋白质的修饰，包括 

C 端和 N 端修饰以及一系列内部修饰。每种修饰都可根

据需要应用于某种类型的氨基酸或每条肽链内的特定残

基，例如糖基化（图 3）。

如果所需的特定修饰未在 BioPharmaView™ 软件中

预先定义，用户可以便捷地添加修饰。每个新添加的修

饰都可以命名，还可以定义它适用的特定残基，如图 4 

所示。输入元素组成后，软件会自动计算分子量。用户
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Modifications for each protein are defined using a wide range of 
built in modifications including C-terminal and N-terminal 
modifications as well as a range of internal modifications. Each 
modification may be applied to a type of amino acid or to 
particular residue within each peptide chain, such as 
glycosylation, as required, Figure 3. 

 If a particular modification is needed but is not pre-defined in 
BioPharmaView Software, they may be added easily. Each new 
modification is named and the particular residue(s) to which it 
applies are defined, Figure 4. Once the elemental composition is 
entered the molecular weight is automatically calculated. Each 
defined modification is available across all BioPharmaView 
Software projects to reduce the effort in definition in ongoing 
studies. 

The defined sequence and associated modifications are 
submitted for in-silico digestion. This is accomplished using a 
range of built in reduction/ alkylation conditions and proteolytic 
enzymes to generate the library of components to search when 
processing data.  

For characterization, information dependent analysis (IDA) and 
SWATH® acquisition data sets are easily submitted for 
processing. BioPharmaView™ software 3.0 automatically 
interrogates the submitted data set to match mass spectrometric 
data with expected peptides based on the parameters defined in 
the assay. Peptide matches are scored based on user defined 
mass accuracy requirements and overall match of observed 
MS/MS data to theoretical fragment spectra. In addition to 
peptide identification, modifications are automatically positioned 
and their relative abundance calculated.  

In some cases, positioning of modifications requires manual 
review to ensure accurate assignment. In these cases, the 
modifications are presented with an asterisk. Using the powerful 
filtering capabilities in BioPharmaView Software it is easy to filter 
peptide results to focus on specific characteristics based on a 
wide range of criteria. As shown in Figure 5, filtering to 
deamidated species is readily accomplished by using the 
modification filter. Once filtered, modifications which were not 
automatically positioned may be manually positioned by 
selecting the modification in the result table. Users are presented 
with a prepopulated list of potential modification sites. Each 
potential site is annotated with a score which guides positioning. 
Once modifications are positioned, the position is saved and is 
available for future assays. 

Overall peptide mapping results are presented in comprehensive 
tables of results of both matched and unmatched data with an 
easily accessed coverage map based on matched MS and 
MS/MS data for each protein chain. Matching parameters may 
be adjusted based on user input using an interactive interface 
which presents the impact of matching parameters on the false 
discovery rate (FDR) of the assay. 

After characterization and review are complete, the assay may 
be saved and used for ongoing studies including definition of 
attributes for a downstream MAM workflow.  

 

 

Figure 3. Definition of Modifications and Application of Modification 
to Workflows. Modifications can be searched easily to expedite assay 
definition.  

 

 

Figure 4.  Definition of Custom Modifications in BioPharmaView 
Software. Once modifications are defined they are available across all 
projects. 

  

图 4. 在 BioPharmaView 软件中定义自定义修饰。定义的修饰可用于

所有项目。
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Conclusions 
• Characterization of biotherapeutics is flexible and easy using 

BioPharmaView™ Software 

• Definition of modifications is flexible for emerging analytical 
challenges 

• Review peptide map results using powerful filtering 
capabilities to focus on the scientific question at hand 

• Position modifications using built in scoring to guide 
localization 

• Easily view overall protein coverage of MS and MS/MS data 

•  Easily built up a MAM assay for potential high throughput 
analysis 
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Figure 5. Filtering Experimental Results Based on a Range of Criteria, in this case by Modifications. In addition, modifications which are not 
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图 5. 根据一系列标准筛选实验结果（此处根据修饰进行筛选）。此外，可手动定位未自动定位的修饰。软件会显示特定修饰的每个潜在位置的评

分，并可与支持数据相关联。

定义的所有修饰都可以在 BioPharmaView™ 软件的各个

项目中使用，减少了进行研究时定义修饰的工作量。

定义的序列和相关修饰将用于模拟酶解。我们使用

一系列预设的还原/烷基化条件和蛋白水解酶生成了组分

数据库，供处理数据时进行检索。

在表征分析中，用户可以便捷地提交信息依赖

型分析（ IDA）  和  SWATH® 采集数据集进行处理。

BioPharmaView™ 软件 3.0 会自动整合提交的数据集，

根据分析中定义的参数将质谱数据与预期的肽匹配。根

据用户定义的质量准确度要求和实测 MS/MS 数据与理论

碎片谱图的总体匹配度，软件对肽匹配结果进行评分。

除了鉴定肽之外，软件还会自动定位修饰并计算其相对

丰度。

在某些情况下，修饰的位置需要通过人工审查确保

分配结果的准确性。在这些情况下，修饰会标注星号。

利用 BioPharmaView™ 软件强大的筛选功能，用户可以

便捷地筛选肽分析结果，从而根据各种标准有针对性地

分析具体特征。如图 5 所示，使用修饰筛选器，我们可

以轻易地筛选出脱酰胺物质。筛选之后，未自动定位的

修饰可通过选择结果表中的修饰进行手动定位。软件会

向用户展示列有潜在修饰位点的列表。每个潜在修饰位

点都会标注评分，用于指导定位。定位修饰位点之后，

该位点将被保存起来，以备将来检测之用。

总体肽图结果展示在综合表格中，其中包括匹配和

不匹配的数据，并附有基于每个蛋白质链的匹配 MS 数

据和 MS/MS 数据生成的序列覆盖图，可方便查阅。软件

可以根据用户通过交互式界面输入的值调整匹配参数，

这个交互式界面会展示匹配参数对错误发现率（FDR） 

的影响。

完成表征分析和审查之后，用户可保存检测方法并

将其用于正在进行的研究，例如下游 MAM 工作流程的

属性定义。
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结论

•  使用 BioPharmaView™ 软件可以灵活、便捷地表征生

物治疗产品

•  修饰定义非常灵活，可应对新出现的分析挑战

•  使用强大的筛选功能查看肽图，专注于手边的科学问

题

•  使用内置评分功能对修饰位置进行评分，用以指导定

位

•  可便捷地查看 MS 和 MS/MS 数据的蛋白质整体序列

覆盖率

•  可便捷地构建 MAM 分析方法，有望实现高通量分析
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引言

生物类似药的常规特性或者不同厂家之间生物样品

的批量比较对于保证整个开发和生产过程中生物治疗药

物的质量至关重要。生物制剂的大分子量和固有的异质

性使得这些药物高度复杂，要求可靠的质量分析技术以

确保蛋白骨架构成和翻译后修饰检测时的准确性。质谱

分析是一种强大而灵活的生物治疗表征工具，高质量准

确度使它具有分析大分子和小分子的能力。

在此我们展示了在X500B QTOF系统上，结合使用 

BioPharmaView™软件的简化和快速批处理以及产品比较

的功能，使用一种快速、可重复和可靠的方法进行生物

药亚基分析。

材料与方法

生物类似药曲妥珠单抗制剂来自于两个不同厂家

（标记为TRAST-1和TRAST-2），使用50 mM TCEP (0.1% 

v/v) 在 65 ℃处理 30分钟进行还原反应。

1 mg/mL曲妥珠单抗，在pH7.5，37 ℃条件下用IdeS

蛋白酶（IdeZ, Promega, Madison, WI, USA）孵育30分

钟。样品中加入50 mM TCEP (0.1 v/v) ，在 65 ℃处理 30

分钟进行还原反应。

所有样品在分析之前都使用0.2%的甲酸溶液进行稀

释。

高效液相色谱

使用 ExionLC™液相，上样量为0.5 μg蛋白，连接 

Waters Acquity UPLC® Protein BEH C4 色谱柱（300A 1.7 μm, 

2.1 mm×50 mm）进行分离，柱温 40 ℃。流动相为

（A：水+0.1%甲酸，B：乙腈+0.1%甲酸），20分钟梯

基于X500B QTOF系统对多个供应商的曲妥珠单抗进行亚基分析

Trastuzumab Subunit Analysis using Benchtop X500B QTOF Mass Spectrometer 
Sibylle Heidelberger1 and Sean McCarthy2

1 71 Four Valley Dr. Concord, ON L4K 4V8, Canada
2 500 Old Connecticut Path, Framingham, MA, 01701, USA

度（15-40% B），总时间30分钟，流速为0.2 mL/min。

使用切换阀将每针进样时前0.5分钟的液体排入废液中。

质谱

在配备了 Turbo V™离子源的X500B QTOF系统上

进行数据采集，采用large protein 模式并降低检测器电

压，扫描范围设置为600-4000 m/z. 离子源参数如下：

气帘气 Curtain gas: 35

雾化气 Ion source gas 1 (psi): 50

辅助气 Ion source gas 2 (psi): 50

源温度 Temperature (°C): 400

去簇电压 Declustering Potential: 150

Bins to sum: 60

数据处理

数据在BioPharmaView™软件中进行处理并使用曲

妥珠单抗标准品作为参照。

结果与讨论

曲妥珠单抗是一种重组的免疫球蛋白G1（IgG1）

单克隆抗体，用来治疗Her2阳性的乳腺癌。在本次实验

中，对来自两个不同厂家的曲妥珠单抗进行了比较和表

征分析。采用了两种样品制备方法来进行亚基分析：还

原法和IdeS酶解/还原法。

还原的曲妥珠单抗

还原的抗体生物治疗药物的LC-MS/MS原始数据解析

起来非常复杂。亚基分析采用部分还原的方法，通过还

原链间的二硫键产生一条重链和一条轻链，从而降低复

杂程度。TRAST-1和TRAST-2的轻链的LC-MS/MS数据显示
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Figure 1: Rapidly comparing multiple biotherapeutic samples with 
the highly accurate data acquisition.  Raw data (1A) and 
reconstructed mirror plots (1B) for trastuzumab light chain from TRAST-1
(blue) and TRAST-2 (pink), indicating comparable protein mass.

Analysis of the heavy chain was to assess comparability 
between the two samples. Raw mass spectral data for the heavy 
chain is shown in Figure 2. Overall each sample produces similar 
species with m/z values that agree, however the relative intensity 
of each species is different.

Figure 2: Comparison of raw data charge state envelope of TRAST-1
(blue) and TRAST-2 (pink) showing slight variations in glycoforms 
across the protein.

Detection of differences between the two samples is visible from 
the raw data (Figure 2), but more easily observed when the m/z 
axis is expanded, focusing on a few charge states (Figure 3).

Figure 3: Expanded view of overlaid raw data from TRAST-1 (blue) 
and TRAST-2 (pink) showing changes in the glycoform distribution 
across the m/z range.

Reconstruction of the raw mass spectral data to obtain the heavy 
chain was accomplished using BioPharmaView software which 
allows for the assignment of defined post translational 
modifications of each sample. The high-resolution accurate mass 
X500B QTOF system provides high-quality mass spectral data 
which is reproducible, allowing for accurate comparison of the 
two samples (Figure 4).

Figure 4: Reconstructed heavy chain of TRAST-1 (blue) and TRAST-
2 (pink) highlighting the differences in the glycoforms.

Relative intensities of the glycoforms show a distinct difference 
between the two samples. Some such as G0F and G1F are very 
noticeable (Figure 4) and can be identified visually. Others such 
as M5 are more difficult to see in the reconstructed spectrum. 
Batch data processing by BioPharmaView software yields easy-
to-view graphs for rapidly pinpointing the exact glycoforms 
altered between the two samples (Figure 5).  
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Figure 1: Rapidly comparing multiple biotherapeutic samples with 
the highly accurate data acquisition.  Raw data (1A) and 
reconstructed mirror plots (1B) for trastuzumab light chain from TRAST-1
(blue) and TRAST-2 (pink), indicating comparable protein mass.

Analysis of the heavy chain was to assess comparability 
between the two samples. Raw mass spectral data for the heavy 
chain is shown in Figure 2. Overall each sample produces similar 
species with m/z values that agree, however the relative intensity 
of each species is different.

Figure 2: Comparison of raw data charge state envelope of TRAST-1
(blue) and TRAST-2 (pink) showing slight variations in glycoforms 
across the protein.

Detection of differences between the two samples is visible from 
the raw data (Figure 2), but more easily observed when the m/z 
axis is expanded, focusing on a few charge states (Figure 3).

Figure 3: Expanded view of overlaid raw data from TRAST-1 (blue) 
and TRAST-2 (pink) showing changes in the glycoform distribution 
across the m/z range.

Reconstruction of the raw mass spectral data to obtain the heavy 
chain was accomplished using BioPharmaView software which 
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图1. 在高准确性的数据采集的同时实现多个生物治疗样品的快速比

较。  原始数据（1A）和样品TRAST-1（蓝色）和TRAST-2（粉色）的

曲妥珠单抗轻链去卷积后的镜像图，显示了蛋白的相对分子量。

图3. 样品TRAST-1（蓝色）和TRAST-2（粉色）原始谱图m/z轴放大后的

视图，表明糖型的分布有变化。  

图4. 样品TRAST-1（蓝色）和TRAST-2（粉色）重链去卷积后的结果显

示了显示了在糖型上的不同。  

图2. 样品TRAST-1（蓝色）和TRAST-2（粉色）原始谱图带电状态的比

较表明两者之间在蛋白的糖型上有所不同。  

了预期的多个电荷状态（图1A）。样品之间去卷积之后

算出的轻链的质量是一致的（图1B），证实了两者的轻

链是彼此一致的。

 

重链分析可以用来评估两个样品之间的可比性。重

链的原始质谱图如图2所示。总体上看每个样品的质荷比

分布很相似，但是相对强度不同。

 两个样品之间检测到的差异从原始谱图上很容易看

到（图2），当m/z坐标轴放大以后更容易观察到，聚焦

于某些带电状态（图3）

使用BioPharmaView™软件可以实现对原始质谱图

进行去卷积从而获得重链的相对分子量，软件还可以对

每个样品设定翻译后修饰。高分辨率高质量准确度的

X500B QTOF系统提供了高质量可重复的质谱数据，可以

实现两个样品之间的精确比较（图4）。

糖型的相对强度在两个样品之间显示出明显的差

异。一些像G0F 和 G1F这样的糖型非常明显（图4），通

过肉眼就可以看到。其他的糖型比如M5从去卷积的谱图

上就很难看到。通过BioPharmaView™软件的批量数据

处理可以产生易于查看的图形，以便快速精准地确定两

个样本之间准确的糖型变化（图5）。
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Figure 5: Graphic representation of glycoform abundances allow for 
fast identification of heavy chain differences between the two
trastuzumab lots. Relative abundances of modifications for TRAST-1
(right 1:Trastuzumab-3:Trastuzumab) and TRAST-2 (left 4:Trastuzumab 
– 6:Trastuzumab) are visualized. Changes for all post translational 
modifications are graphically represented and the mean ratio value can 
be easily obtained by hovering over the modification.

This data confirms changes in the relative abundance of G0F 
and G1F between the two samples, and indicates the M5 
glycoform is detectable at the subunit level in both samples.
Additionally, there were more minor changes in the abundance 
of G0F HexNac, G0F-GlcNAc, G1F –GlcNAc, and G2F 
glycoforms that were observed.  

Figure 5: Rapid identification of alterations in M5 and GIF between 
sample sets are identified with the graphical representations from 
the BioPharmaView Software.

Relative modification ratios are calculated automatically by the 
software based on known, present glycoforms in the samples to 
ensure the mean ratio is not skewed by the amount of 
biotherapeutic protein injected. In this case the M5 glycoform is 
barely detectable in the TRAST-1 sample set (1:Trastuzumab-H1 
– 3:Trastuzumab-H1) while present in TRAST-2 sample set 
(4:Trastuzuma-H1 – 6:Trastuzumab-H1).

IdeS Digested and Reduced Trastuzumab

A secondary subunit analysis was performed using IdeS 
protease, an enzyme which cleaves at the hinge region of the 
mAb, at the conserved CPAPELLG / GPSVF sequence. The 
resulting protein subunits were treated using a reducing agent to 
produce three fragments; Light chain (Figure 6), Fab chain 
(Figure 7) and Fc chain (Figure 8) for LC-MS analysis.  

Figure 6: Reconstructed light chain from IdeS and reduction. 
TRAST-1 (blue) and TRAST-2 (pink) show consistent mass profile 
for the light chain.

The light chain fragments correlate well with each other as seen 
in the mirror plot (Figure 6). The Fab fragment (Figure 7) from 
TRAST-1 and TRAST-2 also correlated very well with each 
other. 

Figure 7: Reconstructed Fab fragment from TRAST-1(blue) and 
TRAST-2(pink) treated with IdeS and reduced. Good correlation 
between the two Fab fragments.

Other low level species are present in the Fab fragment, which 
correlate well between the two samples and are components of 
the Fc species present as seen in Figure 8.
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glycoforms that were observed.  
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software based on known, present glycoforms in the samples to 
ensure the mean ratio is not skewed by the amount of 
biotherapeutic protein injected. In this case the M5 glycoform is 
barely detectable in the TRAST-1 sample set (1:Trastuzumab-H1 
– 3:Trastuzumab-H1) while present in TRAST-2 sample set 
(4:Trastuzuma-H1 – 6:Trastuzumab-H1).

IdeS Digested and Reduced Trastuzumab

A secondary subunit analysis was performed using IdeS 
protease, an enzyme which cleaves at the hinge region of the 
mAb, at the conserved CPAPELLG / GPSVF sequence. The 
resulting protein subunits were treated using a reducing agent to 
produce three fragments; Light chain (Figure 6), Fab chain 
(Figure 7) and Fc chain (Figure 8) for LC-MS analysis.  

Figure 6: Reconstructed light chain from IdeS and reduction. 
TRAST-1 (blue) and TRAST-2 (pink) show consistent mass profile 
for the light chain.

The light chain fragments correlate well with each other as seen 
in the mirror plot (Figure 6). The Fab fragment (Figure 7) from 
TRAST-1 and TRAST-2 also correlated very well with each 
other. 

Figure 7: Reconstructed Fab fragment from TRAST-1(blue) and 
TRAST-2(pink) treated with IdeS and reduced. Good correlation 
between the two Fab fragments.

Other low level species are present in the Fab fragment, which 
correlate well between the two samples and are components of 
the Fc species present as seen in Figure 8.
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图5. 糖型丰度的图示可以实现两个曲妥珠单抗批次之间重链差异的快

速鉴定。TRAST-1（右1:Trastuzumab-3:Trastuzumab）和TRAST-2（左

4:Trastuzumab – 6:Trastuzumab）修饰的相对丰度是可视化的。所有的

翻译后修饰的变化都在图形中展现，并且将鼠标悬停在修饰上可以很

容易得到平均的比值。

图5. 从BioPharmaView™软件的图示中可以实现样品之间M5和GIF糖型

变化的快速鉴定。

图6. 经过IdeS酶解和还原处理后，去卷积得到的轻链谱图。TRAST-1
（蓝色）和TRAST-2（粉色）轻链的质量一致。

图7. TRAST-1（蓝色）和TRAST-2（粉色）的Fab片段，经过IdeS酶解和

还原处理后，去卷积得到的谱图。两个Fab片段之间有很好的相关性。
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Figure 5: Graphic representation of glycoform abundances allow for 
fast identification of heavy chain differences between the two
trastuzumab lots. Relative abundances of modifications for TRAST-1
(right 1:Trastuzumab-3:Trastuzumab) and TRAST-2 (left 4:Trastuzumab 
– 6:Trastuzumab) are visualized. Changes for all post translational 
modifications are graphically represented and the mean ratio value can 
be easily obtained by hovering over the modification.

This data confirms changes in the relative abundance of G0F 
and G1F between the two samples, and indicates the M5 
glycoform is detectable at the subunit level in both samples.
Additionally, there were more minor changes in the abundance 
of G0F HexNac, G0F-GlcNAc, G1F –GlcNAc, and G2F 
glycoforms that were observed.  

Figure 5: Rapid identification of alterations in M5 and GIF between 
sample sets are identified with the graphical representations from 
the BioPharmaView Software.

Relative modification ratios are calculated automatically by the 
software based on known, present glycoforms in the samples to 
ensure the mean ratio is not skewed by the amount of 
biotherapeutic protein injected. In this case the M5 glycoform is 
barely detectable in the TRAST-1 sample set (1:Trastuzumab-H1 
– 3:Trastuzumab-H1) while present in TRAST-2 sample set 
(4:Trastuzuma-H1 – 6:Trastuzumab-H1).

IdeS Digested and Reduced Trastuzumab

A secondary subunit analysis was performed using IdeS 
protease, an enzyme which cleaves at the hinge region of the 
mAb, at the conserved CPAPELLG / GPSVF sequence. The 
resulting protein subunits were treated using a reducing agent to 
produce three fragments; Light chain (Figure 6), Fab chain 
(Figure 7) and Fc chain (Figure 8) for LC-MS analysis.  

Figure 6: Reconstructed light chain from IdeS and reduction. 
TRAST-1 (blue) and TRAST-2 (pink) show consistent mass profile 
for the light chain.

The light chain fragments correlate well with each other as seen 
in the mirror plot (Figure 6). The Fab fragment (Figure 7) from 
TRAST-1 and TRAST-2 also correlated very well with each 
other. 

Figure 7: Reconstructed Fab fragment from TRAST-1(blue) and 
TRAST-2(pink) treated with IdeS and reduced. Good correlation 
between the two Fab fragments.

Other low level species are present in the Fab fragment, which 
correlate well between the two samples and are components of 
the Fc species present as seen in Figure 8.
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glycoform is detectable at the subunit level in both samples.
Additionally, there were more minor changes in the abundance 
of G0F HexNac, G0F-GlcNAc, G1F –GlcNAc, and G2F 
glycoforms that were observed.  

Figure 5: Rapid identification of alterations in M5 and GIF between 
sample sets are identified with the graphical representations from 
the BioPharmaView Software.

Relative modification ratios are calculated automatically by the 
software based on known, present glycoforms in the samples to 
ensure the mean ratio is not skewed by the amount of 
biotherapeutic protein injected. In this case the M5 glycoform is 
barely detectable in the TRAST-1 sample set (1:Trastuzumab-H1 
– 3:Trastuzumab-H1) while present in TRAST-2 sample set 
(4:Trastuzuma-H1 – 6:Trastuzumab-H1).

IdeS Digested and Reduced Trastuzumab

A secondary subunit analysis was performed using IdeS 
protease, an enzyme which cleaves at the hinge region of the 
mAb, at the conserved CPAPELLG / GPSVF sequence. The 
resulting protein subunits were treated using a reducing agent to 
produce three fragments; Light chain (Figure 6), Fab chain 
(Figure 7) and Fc chain (Figure 8) for LC-MS analysis.  

Figure 6: Reconstructed light chain from IdeS and reduction. 
TRAST-1 (blue) and TRAST-2 (pink) show consistent mass profile 
for the light chain.

The light chain fragments correlate well with each other as seen 
in the mirror plot (Figure 6). The Fab fragment (Figure 7) from 
TRAST-1 and TRAST-2 also correlated very well with each 
other. 

Figure 7: Reconstructed Fab fragment from TRAST-1(blue) and 
TRAST-2(pink) treated with IdeS and reduced. Good correlation 
between the two Fab fragments.

Other low level species are present in the Fab fragment, which 
correlate well between the two samples and are components of 
the Fc species present as seen in Figure 8.
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 这一数据证实了两个样品之间G0F 和 G1F相对丰度

的变化，并表明在两个样品的亚基水平上都可以检测到

M5糖型。另外，还可以观察到更多的糖型在丰度上微小

的变化，比如G0F HexNac, G0F-GlcNAc, G1F –GlcNAc, 

和G2F.

基于样品中已知的存在的糖型，软件可以自动

的计算出修饰的相对比例，并确保平均比值的准确

性不会受到生物制剂蛋白进样量的影响。在这一实

验中，M5糖型在TRAST-1样品的批次中几乎没有检

测到(1:Trastuzumab-H1 – 3:Trastuzumab-H1)，然而

在TRAST-2样品的批次可以检测到(4:Trastuzuma-H1 – 

6:Trastuzumab-H1).

IdeS酶解和还原后的曲妥珠单抗

进一步的亚基分析通过IdeS蛋白酶来实现，这种酶

可以特异性的切割mAb铰链区的保守序列CPAPELLG / 

GPSVF。产生的蛋白亚基经过还原剂处理产生3种片段；

轻链（图6），Fab链（图7）和Fc链（图8），进行LC-

MS/MS分析。

如镜像图所示（图6），两者的轻链质量一致。

TRAST-1和TRAST-2的Fab片段（图7）也保持一致。

其它的低丰度片段也出现在Fab链的去卷积结果中，

在两个样品之间的相关性很好，并且如图8所示，它们是

Fc链的组成部分。

Fc片段最受关注，因为它包含曲妥珠单抗的可变糖

基化区域。主要的糖型如G1F和G2F有差异，次要的糖型

的强度也有一些微小的差异。然而，总的来说，相对而

言，大多数糖型都存在，这两种样品糖型的质量分布一

致但又有所不同。其中一个主要差异是TRAST-1中几乎无

法检测到M5的信号，在还原处理的样品和IdeS酶解并还

原处理的样品中都是这样。计算了两组实验中M5和G1F

之间的相对比值并进行了总结。
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图8. TRAST-1（蓝色）和TRAST-2（粉色）的Fc片段，去卷积得到的谱

图，糖基化修饰的强度不同。

表1. 还原处理的样品和IdeS酶解并还原处理的样品中都是这样M5和

G1F糖型之间的相对比值。
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Figure 8: Reconstructed Fc fragments from TRAST-1 (blue) and 
TRAST-2 (pink) with differing intensities on the present glycoforms.

The Fc fragment is of the most interest as it contains the variable 
glycosylation region within trastuzumab. There is a difference in 
the glycoforms of major intensity such as the G1F and the G2F 
but some small differences in intensities in the minor glycoforms 
as well. Overall however, comparatively, most glycoforms are 
present, giving consistent but different mass profiles for both. 
One of the major differences was the barely detectable level of 
M5 from TRAST-1 which was seen in both the reduced and the 
IdeS/reduced samples. A summary of the relative ratios of M5 to 
G1F were calculated for both sets of experiments.

Table 1: Relative ratio of glycoforms M5 to G1F for reduced samples 
and reduced IdeS samples.

Sample
M5

Reduced
G1F

Reduced
M5/G1F

Reduced
M5

IdeS
G1F
IdeS

M5/G1F
IdeS

TRAST-1-1 0.01 0.30 0.033 0.01 0.28 0.036

TRAST-1-2 0.01 0.32 0.031 0.01 0.27 0.037

TRAST-1-3 0.01 0.3 0.033 0.01 0.28 0.036

MEAN 0.01 0.31 0.032 0.01 0.28 0.037

TRAST-2-1 0.06 0.17 0.35 0.06 0.22 0.27

TRAST-2-2 0.06 0.17 0.35 0.06 0.22 0.27

TRAST-2-3 0.06 0.17 0.35 0.06 0.21 0.28

MEAN 0.06 0.17 0.35 0.06 0.22 0.27

Automated extraction of the mean ratio numbers into a table 
allows for fast confirmation of glycoform expression alterations 
between the two samples. Both methods show consistent 
glycoform ratios including the low abundance of M5 in TRAST-1

and calculation of the relative M5/G1F ratios from both methods 
gives consistent results.  Using the relative area ratios for the 
samples, the results of the M5/G1F calculation is consistent 
across the two analytical methods.

Conclusion

The high-quality mAb subunit data obtained by the X500B QTOF 
System, and rapid data processing in BioPharmaView Software, 
allows for accurate and efficient identification of relative changes 
in post translational modifications between the two lots of 
trastuzumab.  Results obtained from the sample reduction 
procedure agreed well with data acquired following IdeS 
protease digestion and reduction, showing no bias between the 
sample preparation methods. The simple sample reduction 
method is highly efficient as a single sample preparation step, 
but the IdeS digestion and reduction method can provide 
additional specificity in locating and identifying post-translational 
modifications since the subunits are smaller in size. The mass 
accuracy, resolution and robustness of the X500B QTOF System 
was necessary to provide high quality data that could identify 
and confirm complex changes in glycoprotein forms between the 
two trastuzumab samples.
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将平均比值自动提取到表格中可以快速确认两个样

本之间的糖型表达变化。两种样品处理方法都显示出一

致的糖型比例，包括TRAST-1中低丰度的M5糖型，并且

两种方法中M5与G1F的相对比例的计算得到了一致的结

果。使用样品的相对面积比，M5与G1F的相对比例的计

算结果在两种分析方法中是一致的。

结论

基于X500B QTOF系统采集到的高质量mAb亚基数

据，以及BioPharmaView™软件的快速数据处理，可以

准确有效地识别两批曲妥珠单抗翻译后修饰的相对变

化。样品经过还原处理后得到的结果与IdeS蛋白酶酶解

并还原处理后获得的数据一致，表明样品制备方法之间

没有偏差。作为一种样品制备步骤，简单的样品还原方

法效率很高，但是IdeS酶解并还原处理可以为定位和鉴

定翻译后修饰提供额外的特异性，因为亚基的分子量较

小。X500B QTOF系统的质量准确度、分辨率和可靠性，

对于提供高质量的数据以识别和确认两组曲妥珠单抗样

品之间糖蛋白形式的复杂变化是必不可少的。

致谢

SCIEX中国团队吕小磊的翻译工作！
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生物药分析解决方案                                                    

RUO-MKT-02-5590-ZH-A

引言

生物药的研发过程是十分复杂的，在产品开发的过

程中，需要大量的表征工作来确保药物的安全性和有效

性。虽然有许多评估相似性的方法，但使用LC-MS进行

完整蛋白分析可提供产品的异质性和杂质方面的相关信

息。这种快速分析的能力使LC-MS检测成为开展其他研

究之前的关键分析步骤。

在这里，我们展示了一种使用X500B QTOF系统高

可重现性和耐用的分析生物药完整蛋白的方法，并使用 

BiopharmaView™软件进行简单快速的批处理分析。

实验条件和方法

生物类似药曲妥珠单抗由两处不同的制造商获得

（标记，trast-1和trast-2）。样品使用0.2%甲酸稀释，

或使用PNGase F（新英格兰生物实验室（伊普斯维奇，

马萨诸塞州，美国））按标准流程去糖基化。

色谱条件

液相色谱系统为ExionLC™，蛋白质进样量为0.5 

μg，使用Protein BEH C4柱、300A 1.7 µm、2.1 mm×50 

mm柱在80 ℃条件下分离。使用标准流动相（流动相

A：水中0.1%甲酸，流动相B：乙腈中0.1%甲酸），色

谱流速0.2-0.5 mL/min，总运行时间为5分钟。每次进样

后前0.5 min切换至废液。

质谱条件

使用配备了Turbo V™ 离子源的X500B QTOF进行数

据采集，large protein模式，扫描范围900-4000 m/z。

电喷雾参数如下：

生物药相似性评估的常规工作流程

使用台式X500B QTOF质谱仪进行曲妥珠完整单抗分析 
Sibylle Heidelberger1 and Sean McCarthy2

1 71 Four Valley Dr. Concord, ON L4K 4V8, Canada
2 500 Old Connecticut Path, Framingham, MA, 01701, USA

p 1

Routine workflow for comparability assessment of protein 
biopharmaceuticals
Trastuzumab Intact Analysis using Benchtop X500B QTOF Mass Spectrometer

Sibylle Heidelberger1 and Sean McCarthy2

171 Four Valley Dr. Concord, ON L4K 4V8, Canada
2500 Old Connecticut Path, Framingham, MA, 01701, USA

Introduction
The development of biopharmaceuticals is complex and requires 
extensive characterization to ensure safety and efficacy as 
products progress towards commercialization. While there are 
many approaches for assessing comparability, intact mass 
analysis using LC-MS provides a rapid assessment for the mass 
of the molecule as well as high level heterogeneity information. 
The ability to accomplish this assay rapidly often makes it a key 
assay prior to more extensive investigation. 

Here we demonstrate a reproducible and robust method for 
analyzing intact biotherapeutic proteins on the X500B QTOF 
System with simple and rapid batch processing using 
BioPharmaView™ Software.

Materials and methods
Biosimilar Trastuzumab therapeutic was obtained from two 
different manufacturing sources (labeled, Trast-1 and Trast-2). 
Samples were either diluted in 0.2% formic acid or 
deglycosylated using PNGase F (New England BioLabs 
(Ipswich, MA, USA)) using vendors standard protocol. 

Chromatography

A total of 0.5 µg of protein was injected onto the ExionLC™ and 
separated using a Waters Acquity UPLC® Protein BEH C4 
column, 300A 1.7 um, 2.1mm x 50mm column 80°C. Standard 
mobile phases were used (Mobile Phase A: 0.1% formic acid in 
water, Mobile Phase B: 0.1% formic acid in acetonitrile) with a 
total run time of 5 min using moving flow rate of 0.2 – 0.5 
mL/min. An integrated divert valve was used to flush to waste for 
the first 0.5 mins of each injection. 

Mass spectrometry

Acquisition was performed on X500B QTOF with a Turbo V™ ion 
source using large protein mode acquisition and decreased 
detector voltage selected over a range from 900-4000 m/z. 
Electrospray parameters were as follows:

Curtain gas: 35
Ion source gas 1 (psi): 50
Ion source gas 2 (psi): 50
Temperature (°C): 400

Data processing

Data was processed in BioPharmaView Software using a 
standardized sample of trastuzumab as reference. 

Results and Discussion
Glycosylated Trastuzumab

For this study we used two different lots of trastuzumab. We 
began with a rapid and simple chromatographic method to 
deliver a desalted sample for MS analysis. The initial portion of 
the separation was diverted to waste using the onboard divert 
valve on the X500B, after desalting the valve was actuated to 
place the flow in-line with the MS source. As showing in Figure 1, 
the chromatographic separation is highly reproducible. 

Figure 1: Chromatographic separation of trastuzumab from 2 
manufacturers gives reproducible separation.

The data was processed in BioPharmaView using the intact 
workflow. Once the sequence and expected post translational 
modification of the protein were defined, the chromatographic 
window was determined over which to select data. Shown in 

图1. 两个不同制造商的曲妥珠单抗高可重复性的色谱分离。

Curtain gas: 35

Ion source gas 1 (psi): 50

Ion source gas 2 (psi): 50

Temperature (℃): 400

数据处理

使用BioPharmaView™进行数据处理，采用曲妥珠

单抗标准样品作为参照。

结果和讨论

糖基化曲妥珠单抗

在这项研究中，我们使用了两种不同批次的曲妥珠

单抗。我们从一个快速和简单的色谱方法开始，提供脱

盐样品用于MS分析。使用X500B上的分流阀将色谱分离

的初始部分排废液，脱盐后，切换阀门将样品注入MS

源。如图1所示，色谱分离具有很高的重现性。
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Figure 2 are the raw spectra for three replicate injections of one 
lot of trastuzumb. The replicate spectra overlay very well.

Figure 2: Raw spectrum from three replicate injections of 
trastuzumab. Each injection is in a different colour (blue, pink, red) and 
reflects the Gaussian distribution in m/z.

The raw spectra of this sample was compared to a second lot of 
trastuzumab using BioPharmaView (Figure 3). As shown there 
are some differences in the intensities of the glycoforms,
however the masses of each charge state are very similar. 

Figure 3: Mirror plot image of one lot of trastuzumab (blue) vs a 
second lot of trastuzumab (pink) showing a distinct shift in the 
glycoform pattern. 

While evaluation of raw spectra is important to ensure that each 
charge state represents highly similar profiles, reconstruction of 
intact mass data is the most common means of comparing data. 
A range of masses was selected which spanned the expected 
reconstructed mass for trastuzumab in BioPharmaView. The first 
lot of the antibody was characterized, verified the identification of 
each of the reconstructed peaks in the resulting spectrum 
against previous reports (Figure 4). 

Figure 4: Annotated reconstruction of trastuzumab and all the 
modifications present including N-terminal lysine loss and 
glycosylation. 

A batch analysis was submitted to compare the second lot of 
trastuzumab against our initial characterized sample. Consistent 
with the raw data, our reconstructed spectra showed excellent 
agreement in the masses of each glycoform, however the 
intensities were different between the samples (Figure 5).  

Figure 5: Comparison of glycoforms and intensities of the 
reconstructed spectra of the two lots of trastuzumab. Lot 1 in blue 
and Lot 2 in pink.

The replicate injections for each of the lots were plotted in a bar 
chart to display the relative abundances of each major glycoform 
as shown in Figure 6. The plot shown was generated 
automatically in BPV and allows for rapid assessment of the 
intensity of post translational modifications rapidly.

Figure 6: Relative abundances of major glycoforms and other 
modifications on the two lots. Lot 1 (1:Trastuzumab –
3:Trastuzumab) and lot 2 (4:Trastuzumab – 6:Trastuzumab).  
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Figure 2 are the raw spectra for three replicate injections of one 
lot of trastuzumb. The replicate spectra overlay very well.
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are some differences in the intensities of the glycoforms,
however the masses of each charge state are very similar. 
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second lot of trastuzumab (pink) showing a distinct shift in the 
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图2. 三次重复进样曲妥珠单抗的原始谱图。以不同的颜色（蓝色、粉

色、红色）表示，并以m/z的形式反映高斯分布。

图4. 带注释的曲妥珠单抗重建谱图，包括N端赖氨酸损失和糖基化的

所有修饰。

图5. 两批曲妥珠单抗重建谱图的糖型和强度比较。蓝色为第一批，粉

色为第二批。

图 6 .  两个批次样品主要糖型和其他修饰的相对丰度比较。批

次1（1:Trastuzumab–3:Trastuzumab）和批次2（4:Trastuzumab–

6:Trastuzumab）。

图3. 一批曲妥珠单抗（蓝色）与第二批曲妥珠单抗（粉红色）的镜像

图显示了糖型模式的明显变化。
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虽然原始谱图的评估对于评估不同电荷状态的轮廓

相似性很重要，但完整分子量数据的构建是进行数据比

较的最常用方法。通过对第一批抗体进行表征，并根据

以前的报告对所得质谱图中每个峰进行识别和验证（图

4）。

使用BiopharmaView™完整蛋白工作流程处理数

据。首先在软件中输入蛋白的理论序列以及可能发生的

翻译后修饰，一旦确定了蛋白的序列和预期的翻译后修

饰，就可以确定色谱窗来选择数据。图2所示为三次重

复进样同一批曲妥珠单抗的原始谱图。谱图重现性优

异。 

使用Biopharmaview™将此样品的原始谱图与第二批

曲妥珠单抗进行比较（图3）。如图所示，糖型的信号

强度存在一些差异，但是每个电荷态的谱图质量非常相

似。

提交一个批次的数据分析，将第二批曲妥珠单抗与

我们最初的表征样品进行比较。重建的谱图与原始数据

一致，在每种糖型的质量上显示出很好的一致性，但是

样品之间的强度不同（图5）。

每个批次重复进样结果绘制在条形图中，以显示每

个主要糖型的相对丰度，如图6所示。所示的图是在BPV

中自动生成的，可以快速评估翻译后修饰的强度。
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图 7 .  M a n 5 与 G 1 F 丰度比对，批次 1 （ 1 : T r a s t u z u m a b –

3:Trastuzumab），批次2（4:Trastuzumab–6:Trastuzumab）。

p 3

Reviewing the results from Figure 3 highlights the changes in the 
intensities of the major glycoforms, as well as evidence for the 
presence of mannose-5 (MAN5) species. To investigate the level 
of MAN5 species, the plot was customized to display this species 
in relation to the G1F peak. As shown the relative intensity of the 
MAN5 peak is greater in the first sample compared to the second 
and is consistent across replicate analyses.

Figure 7: Man5 vs G1F abundances across lot 1 (1:Trastuzumab –
3:Trastuzumab) and lot 2 (4:Trastuzumab – 6:Trastuzumab).

Conclusion

Batch comparisons of biologics is important for the 
manufacturing process, and enabling rapid comparisons of 
batches or inter-batch studies allows the quality of product to be 
monitored and maintained. The benchtop X500B QTOF mass 
spectrometer was developed, for routine analysis of biologics 
and rapid batch comparison with the BioPharmaView software. 
BioPharmaView software was able to rapidly and easily identify 
the differences between two trastuzumab manufacturing lots 
based on their distinct glycoform profiles. The visualization tools 
enable the user to identify, quantify, and track these differences 
between production lots.

AB Sciex is doing business as SCIEX.

© 2017 AB Sciex. For Research Use Only. Not for use in diagnostic procedures. The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners.
AB SCIEX™ is being used under license.  
Document number: RUO-MKT-02-5590-A

回顾图3的结果，显示了主要糖型的强度变化，以及

mannose-5（MAN5）种类存在的证据。绘制了该糖型与

G1F图的对比图，以探究MAN5种类的水平。如图所示，

与第二个样品相比，第一个样品中的MAN5峰更大。且

重复分析结果一致。

结论

在生物药生产过程中，批次间的比对是非常重要的

工作。能够快速的对批次内或批次间样品进行比较可以

有效监控和保证产品质量。台式的X500B QTOF质谱仪结

合BioPharmaView™软件，非常适用于此类批次比对工

作。本文中，BioPharmaView™软件通过样品独特的糖

型特征，轻松快速地识别两个曲妥珠单抗生产批次之间

的差异。该可视化工具可以使用户能够识别、量化和跟

踪这些在生产批次之间的差异。

致谢

SCIEX中国团队肖志良的翻译工作！
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引言

在销量排名前十的单克隆抗体药物中，有一部分已

经或很快将失去专利保护，1随着专利保护的失效，这些

生物类似药开始进入市场。生物类似药需要包括原研药

的活性结构。2单克隆抗体是具有复杂的异质性糖蛋白。

因此，需要使用多种方法对其进行详尽的表征，结构评

估、生产监控和生物相似性研究。生物类似药包括某种

授权生物原药的活性结构。生物类似药为了得到FDA的

认可需要格外的分析和数据的表征。2随着药物专利保护

的过时，这些生物类似药开始进入市场。

毛细管电喷雾（CESI）是将毛细管电泳（CE）和电

喷雾离子化（ESI）整合在一根毛细管中的装置（如图1

所示）。CESI-MS在低至纳升/分钟的流速下运作，拥有

许多技术优势。包括离子化效率高和离子抑制效应低。

这些优点包括高的离子化效率和低的离子抑制效应。

CESI-MS依靠待分析物的电荷和大小来进行分离，因此

可以作为一些传统分离技术，如反相液相色谱的补充分

离手段。CESI-MS已被用于单克隆抗体的分析。4

CESI-MS对不同单克隆抗体的酶解产物进行生物类似药

评估

Dr. Stephen Lock1, Dr. Rabah Gahoual2, Dr. Michael Biacchi, Dr. Alain Beck3, Dr. Yannis-Nicolas Francois2 
and Dr. Emmanulle Leize-Wagner2

1SCIEX, Warrington, United Kingdom and 2 Laboratoire de Spectrometrie de Masses des Interactions et des 
Systemes (LSMIS), Universite de Strasbourg, France and 3 Centre d’immunologie Pierre Fabre; Saint-Julien-
en-Genevois, France
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图1. OptiMS®-超低流速喷口。

本文总结了最近LSMIS研究组发表的工作。5在本文

中，我们将介绍如何利用CESI-MS分析并比较市场上的

单克隆抗体药物和其他候选的生物类似药。一次CESI-

MS的进样分析可以同时检测蛋白的翻译后修饰和序列

覆盖度。这些数据可用于比较单克隆抗体药或生物类似

药。

材料与方法

试剂：所有化学品均为试剂等级，并购自Sigma 

Aldrich或其他厂家5。Trastuzumab和Cetuximab样品为

EMA批准的产品购自Roche（Penzberg, GE）和Merck 

KGaA（Darmstadt, GE）。生物类似药来自Pierre Fabre

（Saint Julien en Genevois），用于分析方法的开发。

RapiGest SF 表面活性剂购自Waters。

样品准备：样品首先用Mil l iQ水稀释，0.1 %的

RapiGest，然后用二硫苏糖醇（DTT)还原，在用碘乙酰

胺（ IAM）烷基化。接下来，利用胰蛋白酶过夜酶解

蛋白质（37 ℃）。酶解后，向溶液中加入1%的甲酸

（FA）用于除去表面活性剂，最后，样品用50 mM 的醋

酸铵（pH = 4.0）稀释至2.2 µM。5

CESI-MS方法：本实验使用OptiMS熔融石英毛细管

（30 µm ID×91 cm），液体温控控温（20℃）。样品

通过压力进样（10 psi，60 sec）进入分离毛细管，背景

缓冲为10 %的醋酸。表1展示了CESI分离方法。
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本工作的质谱使用的是SCIEX TripleTOF® 5600质谱

仪，并配有NanoSpray®Ⅲ质谱源。Gas1和2没有使用，

源温度设为150 ℃。低流速的离子化只需加上1750 V

的喷雾电压便可进行，curtain gas设为最低（5 psi）。

质谱采集参数为TOF survey扫描（accumulation time 

250 ms，m/z 50 - 2000 amu）MS/MS采集模式参数

为（accumulation time 100 per scan，m/z 100 - 2000 

amu），因此，一次完整扫描循环时间为1.75 sec。

结果

氨基酸序列是表征生物类似药的一个关键指

标。因此，本工作比较了两类标准单克隆抗体药物

（Trastuzumab和Cetuximab）和两类生物类似药候

选药（Trastuzumab-B和Cetuximab-B）的序列。对于

Trastuzumab和Trastuzumab-B，其酶解产物的单次分析

表明，两者在重链（HC）和轻链（LC）上均有100 %的

序列一致性，证实了以前报道的CESI-MS/MS可以在单次

分析中完成100 % 的序列覆盖。4 （图2）

当比较这些序列时，研究者们发现，生物类似

药和原始的单抗药物间仅在重链的217位置处有一级

序列的差别。通过分析MS/MS的谱图，可以确认，

Trastuzumab-B在217位置处的赖氨酸残基被一个精氨酸

取代。（图3）

对Cetuximab和Cetuximab-B也进行了相同的实验，

原始的单抗药原研药和生物类似药在氨基酸序列上也有

100 %的一致性，同时这些序列也完全一致。为了确认

此结果，每次实验都重复了3次，并得到了相同的结果。

此外，有多于70 %的y/b多肽碎片离子在二级质谱图上

步骤
时间
(min)

压力
(psi)

方向
电压
(kV)

溶液

冲洗Rinse 3.5 100 正向 0
0.1 M 
NaOH

冲洗Rinse 1.5 100 正向 0 水

冲洗Rinse 3 100 正向 0 0.1 M HCl

冲洗Rinse 5 100 正向 0 10% 醋酸

冲洗Rinse 2 75 反向 0 10% 醋酸

进样Injection 60 sec 6 正向 0 样品

进样Injection 10 sec 5 正向 0 10% 醋酸

分离
Separation

35 0 正向 20 10% 醋酸

电压Voltage 2 10 正向 1 10% 醋酸

表1. 胰蛋白酶酶解产物的CESI分离条件。
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图2. 由CESI-MS/MS获得的Trastuzumab（左）和Trastuzumab-B（右）

序列覆盖情况。
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图3. Trastuzumab（1）和Trastuzumab-B（2）的MS/MS质谱图。此图

显示Trastuzumab-B中m/z为517.3095（1+）碎片的消失和314.6937
（2+）碎片的出现表明了有一个赖氨酸变成了精氨酸。
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被观测到。在Trastuzumab的实验中，这一数值达到了

90%以上。如此高的二级质谱碎片覆盖度只可能在CESI-

MS/ MS超高的离子化效率（在低于40 nL/min的流速下）

和质谱系统快速的扫描相结合的条件下才可达到。这样

的组合十分适合于分析蛋白的翻译后修饰情况，并用于

区分单抗药物和它的生物类似药。

糖基化是单克隆抗体的重要修饰，它影响着蛋白的

稳定性。在本工作中并未将样品上的糖基化修饰酶解

掉，因此可以通过鉴定糖肽来直接分析样品的糖基化

情况，这使得鉴定糖基化的位点也成为可能。在分析

Trastuzumab和Trastuzumab-B时，鉴定出了16种不同的

糖型。当对原研单抗药物和生物类似药进行半定量分析

比较时（图4），两个生物类似药均表现出与原始单抗药

不同的糖型分布。

在CQA的分析中，翻译后修饰引起的结构变化往往

引起多肽电荷改变并影响了它的电泳淌度（如deaN在0.5 

min的峰和pE在几分钟处的峰）。这些都帮助了CESI-MS/

MS的分离和鉴定。利用CE作为分离多肽的技术有着极大

的吸引力。图5便展示了利用电泳可以分离质荷比一致的

仅在天冬氨酸处有变化的多肽，这是单用质谱无法得到

的结果。当然，高质量的二级质谱图对多肽及其修饰的

鉴定起着极大的辅助作用。

除了糖基化，其他关键质量属性（CQAs）在生物

类似药的分析中也十分关键。这些关键质量属性包括

一些可能对免疫原性有影响的翻译后修饰热点、蛋白

的PK/PD值以及由N端的谷氨酰胺/谷氨酸环化形成的

各个位点的N端焦谷氨酸（pE）、天门冬酰胺去酰胺

化（deaN）、甲硫氨酸氧化（oxiM）和天冬氨酸异构

化（isoD）。CESI-MS/MS的数据可以用于分析不同单

抗药物的这些翻译后修饰热点。表2列举出了一些在

Cetuximab/Cetuximab-B分析中成功鉴定出的翻译后修饰

情况。

RUO-MKT-02-4401-ZH-A
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图4. 利用CESI-MS/MS分析得到的Trastuzumab/Trastuzumab-B和

Cetuximab/ Cetuximab-B Fc端多肽的不同糖型情况。
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图5. HT22多肽（序列为278-291）质荷比为839.408（2+）的提取离

子流图（EIE），两个峰表示着天冬氨酸的不同异构化。

表2. CESI-MS/MS分析得到的Cetuximab和Cetuximab-B翻译后修饰情

况。通过信号强度可以得到各类翻译后修饰的分布百分比。

M dification

Cetuximab distri 
bution

Biosi milar 
distribution

% 
Mod.

% 
Unmod.

% Mod.
% 

Unmod.

Q 1 / pQ1 100 0 100 0

N161 /deaN161 25.6 74.4 59.5 40.5

D282 / isoD282 95.2 4 .8 96.3 3.7

N386 /deaN386 45.6 54.4 95.7 4.3

D403 / isoD403 100 0 100 0

N4 1 / deaN41 87.8 12.2 94.7 5.3

N158 /deaN158 96.6 3 .4 100 0
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值得一提的是，在本工作中，每个单克隆抗体的序

列覆盖度、翻译后修饰热点位点的检测和糖基化位点的

分析均可在一次进样的实验中完成。

总结

本工作介绍了一种利用CESI-MS/MS分析单抗药物及

其生物类似药的方法。利用此方法，可以在单次进样中

分析单克隆抗体样品的多种蛋白质结构性质。这些性质

包括：

• 100 %的氨基酸序列覆盖度；

• 糖基化位点的鉴定和分析；

• 翻译后修饰热点的鉴定和分析。

关于此工作的更多信息，请查阅相关文献。5
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概述

单克隆抗体（mAb）药物的生物研发和生产需要

对各种生理化学性质进行常规分析和监测。在这里，我

们描述了一种通用的毛细管电泳和电喷雾质谱（CESI-

MS）工作流程，用于mAb样品的表征。该工作流程将毛

细管区带电泳（CZE）的独特分离能力与基于MS检测器

的优点相结合，以提高mAb结构信息的分辨率和准确的

分子量信息。使用少量的mAb（约10 ng）样品即可进行

完整（非还原）或还原的分析，以确定电荷异质性（包

括电荷变异体、糖型和碎片）、纯度和分子量。

本文适用读者：资深科学家和实验室管理员

重点：药物开发或生产过程中mAb样品的分析测试。该

工作流程的潜在应用包括候选药物筛选中的抗体表征和

纯度测定、生产过程开发和产品的质控。

目标：使用单一CESI-MS工作流程，与现有行业认可的

方法（如CE-SDS和毛细管等电聚焦（cIEF））相比具有

更高的性能和实用性，从而确定治疗性mAb样品的电荷

异质性、纯度和分子量。

问题：mAbs易受修饰和降解事件的影响，这些事件可

能会改变它们的物理化学性质并最终影响单抗药的稳定

性、有效性和安全性。在研发和生产过程中引入的杂质

和辅料也会产生相同的影响。因此，需要在研发和生产

的各个阶段进行全面的表征。目前，生物制药企业依靠

多种方法来获取电荷异质性、纯度和分子量的信息。总

之，这些方法会消耗更多的昂贵而且数量有限的mAb样

品。并且，由于多数方法依赖还原的mAb样品，而非完

整的mAb样品，碎片的识别会具有更大的挑战性，丢失

碎片可能会导致对样品处理、储存条件和稳定性信息的

不正确假设。

通用的单克隆抗体电荷异质性、纯度和分子量分析工作流程
使用CESI-MS分离和在线检测完整mAb变异体和杂质 

Bryan Fonslow, Marcia Santos, Jose-Luis Gallegos-Perez

SCIEX Separations, USA

结果：开发CESI-MS工作流程以确定完整和还原mAb样

品中的电荷异质性、纯度和分子量信息。mAb样品中确

定的种类包括完整mAb、变异体（例如电荷变异体、糖

型和碎片）、杂质和赋形剂组分。结果与使用行业认可

方法（即CE-SDS和cIEF）相结合的结果相似。值得注意

的是，CESI-MS结果提供了mAb的附加结构信息，而这

些可以验证的mAb潜在的碎片信息经常会被传统方法丢

失。

主要优点：

• 单次CESI-MS分析简化多种mAb表征分析的工作流程

• 在相同的质谱检测下，可以分离和鉴定糖型、碎片、

杂质和赋形剂

RUO-MKT-02-2757-ZH-A

CESI 8000 Plus高效分离模式通过NanosprayⅢ源，

CESI适配器和OptiMS中性涂层毛细管连接TripleTOF® 

6600系统



53

生物药分析解决方案                                                    

介绍

免疫球蛋白γ（IgG）是用于生产治疗性单克隆抗体

（mAb）的最常见的分子。高灵敏度和全面表征这些分

子的能力是对研发和对疗效、生物利用度和生物安全性

管控至关重要。基于CE和MS的电荷异质性、纯度和分子

量分析是单抗药表征的主要方法。利用CE进行mAb完整

蛋白或还原蛋白分析通常用于单克隆抗体筛选、分析研

发和质量控制过程。将CE分离与质谱（MS）检测相结合

进行mAb分析可以将三种方法进行统一。此外，高分辨

率和质量准确的MS检测可以帮助识别未知的CE峰，并且

还可以提供比单独使用光学检测更准确和灵敏的纯度和

分子量信息。

将毛细管电泳（CE）和电喷雾电离（ESI）集成到

一个过程（CESI）中提供了这些可能性，同时还降低了

进行分析的样品量的要求。我们使用单次CESI-MS的方

法分析完整或还原mAb可以提供电荷异质性、纯度和分

子量的信息，集合了当前生物制药企业接受的CE-SDS、

cIEF和CZE分析的方法。1-3 值得注意的是，CESI-MS进行

完整或还原的IgG分析展现了快速筛选、表征候选药物

或选定药物的大小/电荷异质性（强制降解或不稳定性导

致）的能力。

CESI-MS的结果可与现有行业认可的基于CE的电荷

异质性、纯度和分子量的分析相比较。基于CZE分离原

理进行CESI-MS分离电荷异构体，展现了与基于cIEF方法

相似的图谱。3-6 对于不同的糖型，MS可以检测分子量的

差异，由其引起的电荷异质性又可以在CE中得以分离。

电荷异质性分离的其它峰也可能主要归因于样品内潜在

的IgG杂质。总的来说，结果证明了使用MS作为基于CZE

的电荷异质性分析的优点。

材料和方法

样品制备：对于CESI-MS实验，使用Zeba旋转柱

（Thermo Fisher Scientific）将IgG1，IgG2和IgG4分子

（20 mg/mL）脱盐并置换缓冲液为50 mM、pH 4的乙

酸铵。对于还原分析，将IgG分子在10 mM DTT和0.1 ％

Rapigest SF表面活性剂（Waters）中60 ℃孵育45 min。

酶切（0.5％甲酸、37 ℃、10 min）并进行离心沉淀

（14 K×g）。加入pH 4的乙酸铵（2 M），使终浓度为

50 mM。对于独立的CE实验，将IgG分子稀释到尿素-凝

胶-两性电解质溶液（基于cIEF的分析）或SDS凝胶溶液

（CE-SDS分析）中。SDS凝胶溶液的还原在10 mM DTT 

60℃下孵育10 min。

CESI 8000 Plus MS模式条件：CESI实验使用装

有温度控制、自动采样器和电源的SCIEX CESI 8000 

P lu s系统（P /N  A98089）进行，能够提供高达30 

kV的电压。使用具有多孔尖端的Opt iMS中性涂层

毛细管（P/N B07368）。3％和10％醋酸溶液分别

用作背景电解质（BGE）和导电液体。施加压力（5 

psi）10 s以产生约7.5 nL样品进样。在50 mM乙酸

铵样品缓冲液中样品进行富集，通过瞬时等速电泳

（tITP）进行压力注射。CESI分离在30 kV，2 psi下

进行7 min（预分离），然后10 psi，10 min（分离

和ESI）。

MS条件：使用具有NanoSpray III源和CESI适配器

（P/N B07363）的SCIEX TripleTOF 6600系统。MS扫描

从400 - 4500 m/z，进行完整蛋白检测。

数 据 分 析 ： 使 用 S C I E X  P e a k V i e w ® 和

BioPharmaView™软件进行高分辨率质谱的分析。

CESI 8000 Plus独立CE模式条件：CE-SDS和cIEF实验

使用SCIEX PA 800 Plus检测器（P/N B68372），试剂盒

（P/Ns A10663和A80976）和标准操作。 

结果与讨论

基于CESI-MS的分析使用中性涂层毛细管在非还原

（完整）和还原水平下进行。基于CZE的非还原性IgG1

分离（图1）产生电荷异质性分离并通过去卷积实现了

IgG1和杂质的准确分子量测定。两个完整的IgG1被检测

到。主要电荷变异体的平均分子量为146,900 Da，而碱

性IgG1电荷变体为151,005 Da。除平均分子量差异之

外，它们的糖谱不同。利用高质量准确度去卷积分子量

的进一步数据分析将有助于鉴定候选序列和糖型匹配。

然而两个主要的IgG异构体被检测为不同的电泳峰和完

RUO-MKT-02-2757-ZH-A



54·34·

 

·34·

 
  

 

介绍 

免疫球蛋白γ （ ）是用于生产治疗性单克隆抗体

（ ）的最常见的分子。高灵敏度和全面表征这些分子的

能力是对研发和对疗效、生物利用度和生物安全性管控至关重

要。基于 和 的电荷异质性、纯度和分子量分析是单抗药

表征的主要方法。利用 进行 完整蛋白或还原蛋白分析

通常用于单克隆抗体筛选、分析研发和质量控制过程。将

分离与质谱（ ）检测相结合进行 分析可以将三种方法

进行统一。此外，高分辨率和质量准确的 检测可以帮助识

别未知的 峰，并且还可以提供比单独使用光学检测更准确

和灵敏的纯度和分子量信息。

将毛细管电泳（ ）和电喷雾电离（ ）集成到一个

过程（ ）中提供了这些可能性，同时还降低了进行分析的

样品量的要求。我们使用单次 的方法分析完整或还原

可以提供电荷异质性、纯度和分子量的信息，集合了当

前生物制药企业接受的 、 和 分析的方法。 值

得注意的是， 进行完整或还原的 分析展现了快速

筛选、表征候选药物或选定药物的大小 电荷异质性（强制降

解或不稳定性导致）的能力。

的结果可与现有行业认可的基于 的电荷异质

性、纯度和分子量的分析相比较。基于 分离原理进行

分离电荷异构体，展现了与基于 方法相似的图谱。

对于不同的糖型， 可以检测分子量的差异，由其引起的电

荷异质性又可以在 中得以分离。电荷异质性分离的其它峰

也可能主要归因于样品内潜在的 杂质。总的来说，结果证

明了使用 作为基于 的电荷异质性分析的优点。

 

 

 

 

 

材料和方法 

样品制备：对于 实验，使用 旋转柱（

）将 ， 和 分子（ ）

脱盐并置换缓冲液为 、 的乙酸铵。对于还原分析，

将 分子在 和 ％ 表面活性剂

（ ）中 ℃孵育 。酶切（ ％甲酸、 ℃、

）并进行离心沉淀（ ）。加入 的乙酸铵

（ ），使终浓度为 。对于独立的 实验，将 分

子稀释到尿素 凝胶 两性电解质溶液（基于 的分析）或

凝胶溶液（ 分析）中。 凝胶溶液的还原在

℃下孵育 。

模式条件： 实验使用装有温度控制、

自动采样器和电源的 系统（ ）

进行，能够提供高达 的电压。使用具有多孔尖端的
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液分别用作背景电解质（ ）和导电液体。施加压力（ ）

以产生约 样品进样。在 乙酸铵样品缓冲液中

样品进行富集，通过瞬时等速电泳（ ）进行压力注射。

分离在 ， 下进行 （预分离），然后 ，

（分离和 ）。

条件：使用具有 源和 适配器（

）的 系统。 扫描从

，进行完整蛋白检测。
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独立 模式条件： 和 实验使用

检测器（ ），试剂盒（
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图 ：利用 检测 的电荷异质性，从 分离中提取和去卷积非还原的 的 谱图，从最高丰度的电荷状态（约 ）中提取出来的离子电泳

图（ ）代表平均的电荷状态。图谱使用 针对于每一个电泳峰的积分，使用最大半峰高的峰宽作为积分窗口。

3

图1. 利用MS检测IgG1的电荷异质性，从CESI分离中提取和去卷积非还原的IgG1的MS谱图，从最高丰度的电荷状态（约 3-6）中提取出来的离子电

泳图（XIE）代表平均的电荷状态。图谱使用15-30 sec针对于每一个电泳峰的积分，使用最大半峰高的峰宽作为积分窗口。
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整MS谱图，但是它们的糖谱和部分分裂的电泳峰也表

明样品中还存在其它异构体。额外的去卷积表明谱图的

重合是来自去酰胺、二硫键断裂和糖基异构体（数据未

显示）。MS还检测到其他四种IgG1种类，这些杂质似

乎是潜在的溶液中的片段。IgG1检测到包括大量分子量

为28,608，36,687和46,585 Da的杂质。最高分子量杂

质为100,545 Da，其分子量和糖基化分布与重链二聚体

（HC-HC）杂质一致。值得注意的是，基于CESI-MS的

电荷异质性分析提供了与相同IgG1样品的cIEF（图2A）

和CE-SDS（图2B）分析一致的结果。例如，在cIEF和

CESI-MS电荷异质性分离之间检测到类似的分离谱和物

种数量。此外，来自CE-SDS分析的分子量杂质的数量也

与通过基于CESI-MS的分析检测到的具有独特分子量的

种类的数量一致。因此，CESI-MS分析通过基于CZE的电

荷异质性分离和MS分子量测定将cIEF和CE-SDS分析的两

个方面结合起来。CESI-MS分析可以对IgG剪切片段进行

直接分析和候选药物鉴定。这些剪切片段在UV检测器中

很难鉴定，经常会被误认为是IgG的电荷异构体。在图3

中显示了每个电泳峰从代表性的MS原始数据中进行去卷

积的结果。

基于CZE的方法也可用于还原mAb分析。图4显示了

还原的IgG1分子的分离和检测。检测到一种IgG1重链，

同时检测到两种IgG1轻链。这也与通过CE-SDS分析检测

到的三种主要还原的IgG1种类一致。两种IgG1轻链的分

子量测定有助于理解完整IgG1形式的分子量差异。

也就是说，较高分子量的 IgG1轻链可能存在于酸

性、较高分子量的完整IgG1电荷变体中。结合高质量准

确度MS的测定，确认不同完整IgG1异构体的进一步分析

可以使用还原的IgG1进行分析。
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图 ：（ ） 检测器进行非还原 的 谱图；（ ） 检测器分

析非还原（烷基化、黑色谱图）和还原（蓝色谱图）的 电泳图。

结果与讨论 
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来自去酰胺、二硫键断裂和糖基异构体（数据未显示）。

还检测到其他四种 种类，这些杂质似乎是潜在的溶

液中的片段。 检测到包括大量分子量为 ，

和 的杂质。最高分子量杂质为 ，

其分子量和糖基化分布与重链二聚体（ ）杂质一致。

值得注意的是，基于 的电荷异质性分析提供了与相

同 样品的 （图 ）和 （图 ）分析一致的

结果。例如，在 和 电荷异质性分离之间检测到

类似的分离谱和物种数量。此外，来自 分析的分子

量杂质的数量也与通过基于 的分析检测到的具有独

特分子量的种类的数量一致。因此， 分析通过基于

的电荷异质性分离和 分子量测定将 和 分

析的两个方面结合起来。 分析可以对 剪切片段

进行直接分析和候选药物鉴定。这些剪切片段在 检测器

中很难鉴定，经常会被误认为是 的电荷异构体。在图

中显示了每个电泳峰从代表性的 原始数据中进行去卷积

的结果。

基于 的方法也可用于还原 分析。图 显示了

还原的 分子的分离和检测。检测到一种 重链，同

时检测到两种 轻链。这也与通过 分析检测到的

三种主要还原的 种类一致。两种 轻链的分子量测

定有助于理解完整 形式的分子量差异。

也就是说，较高分子量的 轻链可能存在于酸性、

较高分子量的完整 电荷变体中。结合高质量准确度

的测定，确认不同完整 异构体的进一步分析可以使用

还原的 进行分析。

 
  

对代表性的 和 分子进行了相同的 完整电

荷异质性分析（分别见图 和 ）。如 分析一样，在每次分析

中都检测到多个完整的和片段的 和 种类。尽管完整的

和 以它们各自的形式进行迁移，但谱图去卷积过程中鉴

定出两种不同的糖型。同样，潜在的 和 片段会在其完整

分子前迁移，从而可以灵敏地鉴定杂质。在 谱图的分析中，

潜在的制剂赋形剂（例如聚山梨酸酯 ）可以很好地从

中分离出来，否则可能通过基于 或 的分

析对质谱质量产生不利影响。 由于它们具有相同的电泳迁

移率和迁移时间，因此可以预期与其它非离子型表面活性

剂具有类似的结果。

图 ：从图 中的去卷积谱图的非还原 的 分离中提取代表性的原始 ，谱图使用每个电泳峰的在最大半峰高的宽度窗口进行 的积分。

4

图2. （A）UV检测器进行非还原IgG1的cIEF谱图；（B）PDA检测器分

析非还原（烷基化、黑色谱图）和还原（蓝色谱图）的CE-SDS电泳

图。
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图 ：（ ） 检测器进行非还原 的 谱图；（ ） 检测器分

析非还原（烷基化、黑色谱图）和还原（蓝色谱图）的 电泳图。

结果与讨论 

基于 的分析使用中性涂层毛细管在非还原（完整）
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其分子量和糖基化分布与重链二聚体（ ）杂质一致。

值得注意的是，基于 的电荷异质性分析提供了与相

同 样品的 （图 ）和 （图 ）分析一致的

结果。例如，在 和 电荷异质性分离之间检测到

类似的分离谱和物种数量。此外，来自 分析的分子

量杂质的数量也与通过基于 的分析检测到的具有独

特分子量的种类的数量一致。因此， 分析通过基于

的电荷异质性分离和 分子量测定将 和 分

析的两个方面结合起来。 分析可以对 剪切片段

进行直接分析和候选药物鉴定。这些剪切片段在 检测器

中很难鉴定，经常会被误认为是 的电荷异构体。在图

中显示了每个电泳峰从代表性的 原始数据中进行去卷积

的结果。

基于 的方法也可用于还原 分析。图 显示了

还原的 分子的分离和检测。检测到一种 重链，同

时检测到两种 轻链。这也与通过 分析检测到的

三种主要还原的 种类一致。两种 轻链的分子量测

定有助于理解完整 形式的分子量差异。

也就是说，较高分子量的 轻链可能存在于酸性、

较高分子量的完整 电荷变体中。结合高质量准确度

的测定，确认不同完整 异构体的进一步分析可以使用

还原的 进行分析。

 
  

对代表性的 和 分子进行了相同的 完整电

荷异质性分析（分别见图 和 ）。如 分析一样，在每次分析

中都检测到多个完整的和片段的 和 种类。尽管完整的

和 以它们各自的形式进行迁移，但谱图去卷积过程中鉴

定出两种不同的糖型。同样，潜在的 和 片段会在其完整

分子前迁移，从而可以灵敏地鉴定杂质。在 谱图的分析中，

潜在的制剂赋形剂（例如聚山梨酸酯 ）可以很好地从

中分离出来，否则可能通过基于 或 的分

析对质谱质量产生不利影响。 由于它们具有相同的电泳迁

移率和迁移时间，因此可以预期与其它非离子型表面活性

剂具有类似的结果。

图 ：从图 中的去卷积谱图的非还原 的 分离中提取代表性的原始 ，谱图使用每个电泳峰的在最大半峰高的宽度窗口进行 的积分。

5

图3. 从图1中的去卷积谱图的非还原IgG1的CESI分离中提取代表性的原始MS，谱图使用每个电泳峰的在最大半峰高的宽度窗口进行15-30 sec的积分。
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图 ：用 检测还原 分析，来自 分离的还原 物质 谱的提取和去卷积，从最高丰度的电荷状态（约 ）中提取出来的离子电泳图

（ ）代表平均的电荷状态。

 
 

 
 

图 ：使用 检测器进行 的电荷异质性分离，来自 分离的非还原 物质 谱的提取和去卷积，从最高丰度的电荷状态（约 ）中提取出

来的离子电泳图（ ）代表平均的电荷状态。

 
 

 

 
 

 
 

图 ：（ ）使用 检测器进行 的电荷异质性分离，从最高丰度的电荷状态（约 ）中提取出来的离子电泳图（ ）代表平均的电荷状态。（ ）

来自 分离的潜在的 物质 图谱的提取和去卷积，去卷积的 图谱颜色对应于相同的 峰颜色。（ ）来自 分离的非还原 物质

图谱的提取和去卷积，左右去卷积图谱对应于橙色分离 峰的左侧和右侧的提取图谱。

结论 

系统的 联用和单独 功能组合

提供了强大的表征完整和还原 的方法。两种分析都能提供

电荷异质性、纯度和分子量信息。当与 系统

配合使用时，使用中性涂层毛细管的 分析可提供高分

辨率的分离和具有高质量准确度的分子量信息，用于表征

电荷异构体、糖型和杂质。此外，高灵敏度 的分

析结果可从少量样品（约 ）中获得，特别适用于样品量

较少的研发阶段。
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图4. 用MS检测还原IgG1分析，来自CESI分离的还原IgG1物质MS谱的提取和去卷积，从最高丰度的电荷状态（约3-6）中提取出来的离子电泳图

（XIE）代表平均的电荷状态。
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图 ：用 检测还原 分析，来自 分离的还原 物质 谱的提取和去卷积，从最高丰度的电荷状态（约 ）中提取出来的离子电泳图

（ ）代表平均的电荷状态。

 
 

 
 

图 ：使用 检测器进行 的电荷异质性分离，来自 分离的非还原 物质 谱的提取和去卷积，从最高丰度的电荷状态（约 ）中提取出

来的离子电泳图（ ）代表平均的电荷状态。

 
 

 

 
 

 
 

图 ：（ ）使用 检测器进行 的电荷异质性分离，从最高丰度的电荷状态（约 ）中提取出来的离子电泳图（ ）代表平均的电荷状态。（ ）

来自 分离的潜在的 物质 图谱的提取和去卷积，去卷积的 图谱颜色对应于相同的 峰颜色。（ ）来自 分离的非还原 物质

图谱的提取和去卷积，左右去卷积图谱对应于橙色分离 峰的左侧和右侧的提取图谱。

结论 

系统的 联用和单独 功能组合

提供了强大的表征完整和还原 的方法。两种分析都能提供

电荷异质性、纯度和分子量信息。当与 系统

配合使用时，使用中性涂层毛细管的 分析可提供高分

辨率的分离和具有高质量准确度的分子量信息，用于表征

电荷异构体、糖型和杂质。此外，高灵敏度 的分

析结果可从少量样品（约 ）中获得，特别适用于样品量

较少的研发阶段。
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图 ：用 检测还原 分析，来自 分离的还原 物质 谱的提取和去卷积，从最高丰度的电荷状态（约 ）中提取出来的离子电泳图

（ ）代表平均的电荷状态。

 
 

 
 

图 ：使用 检测器进行 的电荷异质性分离，来自 分离的非还原 物质 谱的提取和去卷积，从最高丰度的电荷状态（约 ）中提取出

来的离子电泳图（ ）代表平均的电荷状态。

 
 

 

 
 

 
 

图 ：（ ）使用 检测器进行 的电荷异质性分离，从最高丰度的电荷状态（约 ）中提取出来的离子电泳图（ ）代表平均的电荷状态。（ ）

来自 分离的潜在的 物质 图谱的提取和去卷积，去卷积的 图谱颜色对应于相同的 峰颜色。（ ）来自 分离的非还原 物质

图谱的提取和去卷积，左右去卷积图谱对应于橙色分离 峰的左侧和右侧的提取图谱。

结论 

系统的 联用和单独 功能组合

提供了强大的表征完整和还原 的方法。两种分析都能提供

电荷异质性、纯度和分子量信息。当与 系统

配合使用时，使用中性涂层毛细管的 分析可提供高分

辨率的分离和具有高质量准确度的分子量信息，用于表征

电荷异构体、糖型和杂质。此外，高灵敏度 的分

析结果可从少量样品（约 ）中获得，特别适用于样品量

较少的研发阶段。
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图 5. 使用MS检测器进行IgG2的电荷异质性分离，来自CESI分离的非还原IgG2物质MS谱的提取和去卷积，从最高丰度的电荷状态（约3-6）中提取

出来的离子电泳图（XIE）代表平均的电荷状态。

图 6.（A）使用MS检测器进行IgG4的电荷异质性分离，从最高丰度的电荷状态（约

3-6）中提取出来的离子电泳图（XIE）代表平均的电荷状态。（B）来自CESI分离的潜

在的IgG4物质MS图谱的提取和去卷积，去卷积的MS图谱颜色对应于相同的 峰颜色。

（C）来自CESI分离的非还原IgG4物质MS图谱的提取和去卷积，左右去卷积图谱对应

于橙色分离XIE峰的左侧和右侧的提取图谱。
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图 ：（ ）使用 检测器进行 的电荷异质性分离，从最高丰度的电荷状态（约 ）中提取出来的离子电泳图（ ）代表平均的电荷状态。（ ）

来自 分离的潜在的 物质 图谱的提取和去卷积，去卷积的 图谱颜色对应于相同的 峰颜色。（ ）来自 分离的非还原 物质

图谱的提取和去卷积，左右去卷积图谱对应于橙色分离 峰的左侧和右侧的提取图谱。

结论 

系统的 联用和单独 功能组合

提供了强大的表征完整和还原 的方法。两种分析都能提供

电荷异质性、纯度和分子量信息。当与 系统

配合使用时，使用中性涂层毛细管的 分析可提供高分

辨率的分离和具有高质量准确度的分子量信息，用于表征

电荷异构体、糖型和杂质。此外，高灵敏度 的分

析结果可从少量样品（约 ）中获得，特别适用于样品量

较少的研发阶段。
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图 ：（ ）使用 检测器进行 的电荷异质性分离，从最高丰度的电荷状态（约 ）中提取出来的离子电泳图（ ）代表平均的电荷状态。（ ）

来自 分离的潜在的 物质 图谱的提取和去卷积，去卷积的 图谱颜色对应于相同的 峰颜色。（ ）来自 分离的非还原 物质

图谱的提取和去卷积，左右去卷积图谱对应于橙色分离 峰的左侧和右侧的提取图谱。

结论 

系统的 联用和单独 功能组合

提供了强大的表征完整和还原 的方法。两种分析都能提供

电荷异质性、纯度和分子量信息。当与 系统

配合使用时，使用中性涂层毛细管的 分析可提供高分

辨率的分离和具有高质量准确度的分子量信息，用于表征

电荷异构体、糖型和杂质。此外，高灵敏度 的分

析结果可从少量样品（约 ）中获得，特别适用于样品量

较少的研发阶段。
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对代表性的IgG2和IgG4分子进行了相

同的CESI-MS完整电荷异质性分析（分别

见图5和6）。如IgG1分析一样，在每次分

析中都检测到多个完整的和片段的IgG2和

IgG4种类。尽管完整的IgG2和IgG4以它们

各自的形式进行迁移，但谱图去卷积过程

中鉴定出两种不同的糖型。同样，潜在的

IgG2和IgG4片段会在其完整分子前迁移，

从而可以灵敏地鉴定杂质。在IgG2谱图的

分析中，潜在的制剂赋形剂（例如聚山梨

酸酯80）可以很好地从IgG2中分离出来，

否则可能通过基于nanoESI或LC-MS的分析

对质谱质量产生不利影响。 由于它们具

有相同的电泳迁移率和迁移时间，因此可

以预期与其它非离子型表面活性剂具有类

似的结果。
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结论

CESI 8000 Plus系统的CESI-MS联用和单独CE功能组

合提供了强大的表征完整和还原IgG的方法。两种分析都

能提供电荷异质性、纯度和分子量信息。当与TripleTOF® 

6600系统配合使用时，使用中性涂层毛细管的CESI-MS

分析可提供高分辨率的分离和具有高质量准确度的分

子量信息，用于表征mAb电荷异构体、糖型和杂质。

此外，高灵敏度CESI-MS的分析结果可从少量样品（约

10 ng）中获得，特别适用于样品量较少的研发阶段。
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单克隆抗体（mAb）是应用于一系列人体疾病的主

要靶向生物治疗药物。目前治疗性单克隆抗体是免疫球

蛋白（IgG1)的衍生物，主要通过中国仓鼠（CHO）卵巢

细胞或其他细胞进行细胞培养所得1。因此，为了保证产

品质量、有效性和安全性，需要鉴定及监控与生产过程

相关的杂质及其他痕量污染物。

由于宿主细胞蛋白（HCP）等污染物会引发病人的

不良反应，所以需要检测和定量分析产品中HCP的含

量。从1997年开始，EMA（欧洲药品管理局）法规已经

要求必须证实药品中已经去除HCPs。

"6.2纯化过程的验证-….应该证实纯化过程对诸如宿

主细胞蛋白等特定污染物的去除能力"。

以往，HCPs的检测通常采用免疫亲和方法（主要为

ELISA）。该方法会对高表达HCPs以及在试剂生成过程

中所用动物物种的高度免疫原性HCPs的分析产生偏差。

由于低含量HCPs同样也会对病人产生威胁，并且人体免

疫系统可能与动物的反应不同，因此此类测试的结果可

能产生严重误导。对免疫原性污染物分析的失败将会导

致产品不耐受性或病人不良反应，进而威胁病人健康，

影响临床实验结果。因此除了产品之外，生物药物开发

人员同样需要确保准确无误的HCP分析结果。当代质谱

技术的发展使其成为HCPs分析的有力工具，质谱能够在

快速有效分析HCPs的同时确保更好的准确度。在鉴定

及定量特异蛋白方面，质谱也展现了其优势。但是，直

到最近，还不清楚质谱是否能够提供够灵敏、够宽的线

性范围以在大量的生物治疗蛋白中检测和定量分析痕量

HCP污染物，与此同时仪器还需要高扫描速度以在合理

的时间内完成高置信度的分析。此外，鸟枪蛋白质组学

采用传统数据依赖性扫描模式配合FASTA数据检索技术

来检测肽段，由于该方法本质上随机性较大，因此导致

利用TripleTOF®非数据依赖采集模式建立IgG1单克隆抗体

中宿主细胞蛋白高灵敏度定量分析方法

Justin Blethrow and Eric Johansen

AB SCIEX, USA

其分析结果重现性差，尤其表现在MS/MS层面。总之，

作为HCP分析的商业化质谱解决方案必须避免实验结果

偏差，不需要操作者提前了解样品信息（ELISA测试则需

要），并且还要一如既往的保持质谱在速度、灵敏度和

稳定性方面的优势。

本文中，采用高扫描速度，高灵敏度的TripleTOF®质

谱仪，结合强大的SWATH®非数据依赖采集模式完成对

于IgG1样品中低至10 ppm（wt/wt污染物/主成分）宿主

细胞蛋白的准确，高重现性定量分析。同时，通过采用

低流速（20 µL/min）和短分析时间（不到45分钟）保证

方法的可重现性和通量。

TripleTOF®系统搭配SWATH®采集模式在宿主
蛋白分析中的优势

• 全面、准确定量分析的同时获得MS/MS信息：一次进

样即可完成任意数量宿主细胞蛋白的定量分析工作。

• 灵敏度和扫描速度：在30分钟的LC梯度内，完成ppm

级宿主细胞蛋白的含量测定。
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Level
Serum 

Albumin
Lacto- 

peroxidase
Carbonic 

Anhydrase
Glutamate 

Dehydrogenase
Alpha 
Casein

Lacto- 
globulin

1 415 485 182 350 148 114

2 207 242 91 175 74 57

3 104 121 46 88 37 29

4 52 61 23 44 18 14

5 26 30 11 22 9 7

表2. 样品中添加HCP水平（ppm单位）。

表1. LCMS梯度条件。

Time Solvent A Solvent B

0 95 5

1 95 5

25 65 35

30 10 90

35 10 90

36 95 5

41 95 5

p 2

肽图和谱库生成

表2展示了混合样品中每个宿主细胞蛋白的含量，单位采用

百万分之一（ppm）。IDA定性分析采用“Level 1”样品，该样品

中HCPs含量大概在100-500 ppm范围。利用前期IDA采集建立肽段

的谱库，为后续SWATH™提供信息。图2显示抗体轻链序列覆盖度

为100%，重链为99.5%。本方法的一大优势在于所获得的肽段谱

库能够用于以后的任意一次SWATH分析。通常，除非蛋白表达或

纯化过程发生巨大变化，否则很少需要重新进行IDA分析。

Time Solvent A Solvent B
0 95 5
1 95 5
25 65 35
30 10 90
35 10 90
36 95 5
41 95 5

质谱条件：采用TripleTOF® 5600系统分析未修饰和混合后的

抗体酶解液。实验采用数据依赖性扫描（IDA）LC-MS/MS方法完

成多肽初步鉴定，为后续SWATH数据处理建立肽段库。IDA方法：

高分辨TOF MS作为预扫描，每秒同时触发20个MS/MS扫描（最小

累积时间为50 ms）。随后再进行非数据依赖性数据采集SWATH™

方法，Q1的窗口设置为20 Da，采集质荷比在400至1200之间所有

母离子的MS/MS图谱信息，每个样品重复进样三次。

数据处理：利用ProteinPilot™软件，在包含抗体序列信息和宿

主细胞蛋白组信息的数据库中搜索处理获得的IDA数据。将搜索结

果做为肽段库，利用PeakView®软件内置的SWATH工具从中提取出

碎片离子色谱图进行定量分析。

表1. LCMS梯度条件

表2. 样品中添加HCP水平（ppm单位）。

图1. SWATH™模式采集所有离子的MSMS数据。在设定的质量范围内，

MS/MS隔离窗口快速步进，实现色谱峰中所有能检测到的离子的碎片离子

采集。

Level
Serum 
Albumin

Lacto-
peroxidase

Carbonic 
Anhydrase

Glutamate 
Dehydrogenase

Alpha 
Casein

Lacto-
globulin

1 415 485 182 350 148 114

2 207 242 91 175 74 57

3 104 121 46 88 37 29

4 52 61 23 44 18 14

5 26 30 11 22 9 7

图2. 肽图分析中抗体覆盖率数据。采用Protein Pilot软件实现对轻链和重链

超高覆盖率。

图1. SWATH®模式采集所有离子的MSMS数据。在设定的质量范围

内，MS/MS隔离窗口快速步进，实现色谱峰中所有能检测到的离子的

碎片离子采集。

• 通量和可靠性：TripleTOF®系统扫描速度和灵敏度使

其能够与微流液相联用用于HCPs分析，从而避免采

用纳流液相造成的可靠性和通量的问题。

实验设计

样品处理：对1 mg单克隆鼠IgG1亚型进行尿素变

性，TCEP降解和MMTS烷基化处理。变性后的蛋白在37 

˚C下进行4小时胰酶酶切。将酶切后的溶液与市面上一款

6个蛋白酶解混合液（Michrom, Auburn, CA）混合至一

定浓度。

色谱条件：样品分析采用Eksigentekspert™ 425系

统和ChromXP色谱柱（0.5 mm×10 cm C18-CL, 3 µm 

120Å）。液相梯度见表1。流速为20 µL/min。溶液A含

2%乙腈和0.1%甲酸，溶液B含98%乙腈和0.1%甲酸。

每次进样10 µg抗体。柱温设为45 ℃。

质谱条件：采用TripleTOF® 5600系统分析未修饰和

混合后的抗体酶解液。实验采用数据依赖性扫描（IDA）

LC-MS/MS方法完成多肽初步鉴定，为后续SWATH®数

据处理建立肽段库。IDA方法：高分辨TOF MS作为预扫

描，每秒同时触发20个MS/MS扫描（最小累积时间为

50 ms）。随后再进行非数据依赖性数据采集SWATH®方

法，Q1的窗口设置为20 Da，采集质荷比在400至1200

肽图和谱库生成

表2展示了混合样品中每个宿主细胞蛋白的含

量，单位采用百万分之一（ppm）。IDA定性分析采用

“Level1”样品，该样品中HCPs含量大概在100-500 

ppm范围。利用前期 IDA采集建立肽段的谱库，为后

续SWATH®提供信息。图2显示抗体轻链序列覆盖度为

100%，重链为99.5%。本方法的一大优势在于所获得

的肽段谱库能够用于以后的任意一次SWATH®分析。通

常，除非蛋白表达或纯化过程发生巨大变化，否则很少

需要重新进行IDA分析。

之间所有母离子的MS/MS图谱信息，每个样品重复进样

三次。

数据处理：利用ProteinPilot™软件，在包含抗体序

列信息和宿主细胞蛋白组信息的数据库中搜索处理获得

的IDA数据。将搜索结果做为肽段库，利用PeakView®软

件内置的SWATH®工具从中提取出碎片离子色谱图进行

定量分析。
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图3. SWATH®检测血清白蛋白中肽段的提取离子流色谱图。图中展示了

SLHTLFGDELCK肽段碎片离子的XIC。检测到相关蛋白浓度水平A: 415 

ppm, B: 207 ppm, C: 104 ppm, D: 52 ppm, E: 26 ppm及F: 未添加HCP
肽段的阴性对照样品。

图2. 肽图分析中抗体覆盖率数据。采用Protein Pilot软件实现对轻链和

重链超高覆盖率。

定量线性和检测限

图4展示了三次进样所测得每个HCP的平均信号响应。图5为

测试到的每个蛋白的浓度水平及CV值。在高浓度水平区间，CV

值在3-7%。即使在7-30 ppm的最低HCP浓度水平，平均CV值为

7%，最大CV值仅有12%。实验结果展示了该方法具有很好的定

量重现性，提示将来能够将其广泛应用于低至ppm水平HCPs的准

确定量。

图3. SWATH 检测血清白蛋白中肽段的提取离子流色谱图。图中展示了

SLHTLFGDELCK肽段碎片离子的XIC。检测到相关蛋白浓度水平A: 415 ppm, 

B: 207 ppm, C: 104 ppm, D: 52 ppm, E: 26 ppm及F: 未添加HCP肽段的阴性

对照样品。

图4. 不同水平蛋白质信号强度。将每个蛋白对应的肽段信号进行加总以进

行直接定量分析。数值显示三次进样后的平均值及标准偏差（误差线）。

图5. 多次分析中蛋白质水平的变异系数。不同水平HCP分析均得到较低的

CVs，意味着采用该方法即使在最低检测限仍然具有优异的定量准确性。

阴性对照样品分析的高CV值则证实软件如预期般未能找到可靠的信号。

通过非数据依赖性采集SWATH™方法对宿主细胞
蛋白进行定量分析

在IDA定性分析之后，利用非依赖性数据采集SWATH™方法

对样品进行定量分析。在前期建立的肽段数据库信息中选择相应

的碎片离子，再通过PeakView®软件的SWATH™采集工具，利用

肽段的碎片离子产生提取离子流色谱图进行定量分析。图3为利

用SWATH™测定血清白蛋白中多肽含量。图中展示了不同添加的

HCP浓度水平下，9个肽段碎片提取离子色谱图（XIC）。从图中

可见，SWATH™方法可以轻松检测到低至10 ppm的肽段，而在空

白对照（F）中则未发现HCPs。

针对每一个HCPs，选择三至四个肽段用于SWATH™定量。

此处需要注意的是，SWATH™是利用MS/MS信息进行定量分析，

而不仅仅是将其运用在肽段鉴定上，因此与一级MS定量相比，

SWATH™方法具有更高的灵敏度。利用每条肽段所选的所有碎

片离子的提取离子流色谱信号加合来定量相关蛋白。实验同样从

抗体中选择四条肽段用于定量。尽管产品和污染物之间有着高达

100,000倍的浓度差异，HCPs和抗体定量结果仍然能够得到高度重

现。此外，可以将抗体定量结果作为参照来归一化HCPs信号，用

于消除上样期间产生的HCPs信号的细小差异。采用这种方法可以

比较不同日期采集的样品中HCPs水平，该方法具有高度定量准确

度，而且避免在维护液相和质谱状态上花费大量精力。同样在任

何需要的时候即可开展HCPs检测实验，无需再在一套复杂的系统

耗时数天。不同天内采集的抗体样品数据差异通常在10%之内。

p 3

定量线性和检测限

图4展示了三次进样所测得每个HCP的平均信号响应。图5为

测试到的每个蛋白的浓度水平及CV值。在高浓度水平区间，CV

值在3-7%。即使在7-30 ppm的最低HCP浓度水平，平均CV值为

7%，最大CV值仅有12%。实验结果展示了该方法具有很好的定

量重现性，提示将来能够将其广泛应用于低至ppm水平HCPs的准

确定量。

图3. SWATH 检测血清白蛋白中肽段的提取离子流色谱图。图中展示了

SLHTLFGDELCK肽段碎片离子的XIC。检测到相关蛋白浓度水平A: 415 ppm, 

B: 207 ppm, C: 104 ppm, D: 52 ppm, E: 26 ppm及F: 未添加HCP肽段的阴性

对照样品。

图4. 不同水平蛋白质信号强度。将每个蛋白对应的肽段信号进行加总以进

行直接定量分析。数值显示三次进样后的平均值及标准偏差（误差线）。

图5. 多次分析中蛋白质水平的变异系数。不同水平HCP分析均得到较低的

CVs，意味着采用该方法即使在最低检测限仍然具有优异的定量准确性。

阴性对照样品分析的高CV值则证实软件如预期般未能找到可靠的信号。

通过非数据依赖性采集SWATH™方法对宿主细胞
蛋白进行定量分析

在IDA定性分析之后，利用非依赖性数据采集SWATH™方法

对样品进行定量分析。在前期建立的肽段数据库信息中选择相应

的碎片离子，再通过PeakView®软件的SWATH™采集工具，利用

肽段的碎片离子产生提取离子流色谱图进行定量分析。图3为利

用SWATH™测定血清白蛋白中多肽含量。图中展示了不同添加的

HCP浓度水平下，9个肽段碎片提取离子色谱图（XIC）。从图中

可见，SWATH™方法可以轻松检测到低至10 ppm的肽段，而在空

白对照（F）中则未发现HCPs。

针对每一个HCPs，选择三至四个肽段用于SWATH™定量。

此处需要注意的是，SWATH™是利用MS/MS信息进行定量分析，

而不仅仅是将其运用在肽段鉴定上，因此与一级MS定量相比，

SWATH™方法具有更高的灵敏度。利用每条肽段所选的所有碎

片离子的提取离子流色谱信号加合来定量相关蛋白。实验同样从

抗体中选择四条肽段用于定量。尽管产品和污染物之间有着高达

100,000倍的浓度差异，HCPs和抗体定量结果仍然能够得到高度重

现。此外，可以将抗体定量结果作为参照来归一化HCPs信号，用

于消除上样期间产生的HCPs信号的细小差异。采用这种方法可以

比较不同日期采集的样品中HCPs水平，该方法具有高度定量准确

度，而且避免在维护液相和质谱状态上花费大量精力。同样在任

何需要的时候即可开展HCPs检测实验，无需再在一套复杂的系统

耗时数天。不同天内采集的抗体样品数据差异通常在10%之内。

p 3

图4. 不同水平蛋白质信号强度。将每个蛋白对应的肽段信号进行加总以进

行直接定量分析。数值显示三次进样后的平均值及标准偏差（误差线）。

定量。此处需要注意的是，SWATH®是利用MS/MS信息

进行定量分析，而不仅仅是将其运用在肽段鉴定上，因

此与一级MS定量相比，SWATH®方法具有更高的灵敏

度。利用每条肽段所选的所有碎片离子的提取离子流色

谱信号加合来定量相关蛋白。实验同样从抗体中选择

四条肽段用于定量。尽管产品和污染物之间有着高达

100,000倍的浓度差异，HCPs和抗体定量结果仍然能够

得到高度重现。此外，可以将抗体定量结果作为参照来

归一化HCPs信号，用于消除上样期间产生的HCPs信号的

细小差异。采用这种方法可以比较不同日期采集的样品

中HCPs水平，该方法具有高度定量准确度，而且避免在

维护液相和质谱状态上花费大量精力。同样在任何需要

的时候即可开展HCPs检测实验，无需再在一套复杂的系

统耗时数天。不同天内采集的抗体样品数据差异通常在

10%之内。

定量线性和检测限

图4展示了三次进样所测得每个HCP的平均信号响

应。图5为测试到的每个蛋白的浓度水平及CV值。在高

浓度水平区间，CV值在3-7%。即使在7-30 ppm的最低

HCP浓度水平，平均CV值为7%，最大CV值仅有12%。

实验结果展示了该方法具有很好的定量重现性，提示将

来能够将其广泛应用于低至ppm水平HCPs的准确定量。

通过非数据依赖性采集SWATH®方法对宿主细
胞蛋白进行定量分析

在 I D A定性分析之后，利用非依赖性数据采集

SWATH®方法对样品进行定量分析。在前期建立的肽段

数据库信息中选择相应的碎片离子，再通过PeakView®

软件的SWATH®采集工具，利用肽段的碎片离子产生提

取离子流色谱图进行定量分析。图3为利用SWATH®测定

血清白蛋白中多肽含量。图中展示了不同添加的HCP浓

度水平下，9个肽段碎片提取离子色谱图（XIC）。从图

中可见，SWATH®方法可以轻松检测到低至10 ppm的肽

段，而在空白对照（F）中则未发现HCPs。

针对每一个HCPs，选择三至四个肽段用于SWATH®
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结论

目前选择合适的分析策略以检测宿主细胞蛋白污染

水平非常困难。一条路线是以ELIAS方法为主，该方法

存在检测盲点，实验结果偏差较大等问题，但分析灵敏

度高、速度快；另一条路线是质谱法，该方法检测结果

无偏差，但分析通量低，重现性差（以蛋白质组学应

用为主）。本文所展示的SWATH®方法，依托强大MS/

MSALL采集性能，集合上述两种方法的优势的同时消除了

相应的不足。由于SWATH®采集方法可覆盖所有肽段，

因此一次进样就能完成任意数量的蛋白定量分析工作。

除此之外，全面的定量谱分析能够避免鸟枪蛋白组学常

用的数据依赖性扫描策略产生的不同批次之间的变异。

最后，获得这些优势并不意味着要损失通量、可靠性和

灵敏度。正如本文所展示的，TripleTOF® 5600+系统的

SWATH® MS/MSALL数据采集方法实现了在1小时内完成宿

主细胞蛋白定量分析工作，所采用的几十微升/分钟的流

速也消除了nanoLC分析的复杂性及重现性问题。

定量线性和检测限

图4展示了三次进样所测得每个HCP的平均信号响应。图5为

测试到的每个蛋白的浓度水平及CV值。在高浓度水平区间，CV

值在3-7%。即使在7-30 ppm的最低HCP浓度水平，平均CV值为

7%，最大CV值仅有12%。实验结果展示了该方法具有很好的定

量重现性，提示将来能够将其广泛应用于低至ppm水平HCPs的准

确定量。

图3. SWATH 检测血清白蛋白中肽段的提取离子流色谱图。图中展示了

SLHTLFGDELCK肽段碎片离子的XIC。检测到相关蛋白浓度水平A: 415 ppm, 

B: 207 ppm, C: 104 ppm, D: 52 ppm, E: 26 ppm及F: 未添加HCP肽段的阴性

对照样品。

图4. 不同水平蛋白质信号强度。将每个蛋白对应的肽段信号进行加总以进

行直接定量分析。数值显示三次进样后的平均值及标准偏差（误差线）。

图5. 多次分析中蛋白质水平的变异系数。不同水平HCP分析均得到较低的

CVs，意味着采用该方法即使在最低检测限仍然具有优异的定量准确性。

阴性对照样品分析的高CV值则证实软件如预期般未能找到可靠的信号。

通过非数据依赖性采集SWATH™方法对宿主细胞
蛋白进行定量分析

在IDA定性分析之后，利用非依赖性数据采集SWATH™方法

对样品进行定量分析。在前期建立的肽段数据库信息中选择相应

的碎片离子，再通过PeakView®软件的SWATH™采集工具，利用

肽段的碎片离子产生提取离子流色谱图进行定量分析。图3为利

用SWATH™测定血清白蛋白中多肽含量。图中展示了不同添加的

HCP浓度水平下，9个肽段碎片提取离子色谱图（XIC）。从图中

可见，SWATH™方法可以轻松检测到低至10 ppm的肽段，而在空

白对照（F）中则未发现HCPs。

针对每一个HCPs，选择三至四个肽段用于SWATH™定量。

此处需要注意的是，SWATH™是利用MS/MS信息进行定量分析，

而不仅仅是将其运用在肽段鉴定上，因此与一级MS定量相比，

SWATH™方法具有更高的灵敏度。利用每条肽段所选的所有碎

片离子的提取离子流色谱信号加合来定量相关蛋白。实验同样从

抗体中选择四条肽段用于定量。尽管产品和污染物之间有着高达

100,000倍的浓度差异，HCPs和抗体定量结果仍然能够得到高度重

现。此外，可以将抗体定量结果作为参照来归一化HCPs信号，用

于消除上样期间产生的HCPs信号的细小差异。采用这种方法可以

比较不同日期采集的样品中HCPs水平，该方法具有高度定量准确

度，而且避免在维护液相和质谱状态上花费大量精力。同样在任

何需要的时候即可开展HCPs检测实验，无需再在一套复杂的系统

耗时数天。不同天内采集的抗体样品数据差异通常在10%之内。

p 3

图5. 多次分析中蛋白质水平的变异系数。不同水平HCP分析均得到较

低的CVs，意味着采用该方法即使在最低检测限仍然具有优异的定量准

确性。阴性对照样品分析的高CV值则证实软件如预期般未能找到可靠

的信号。



63

生物药分析解决方案                                                    

主要优点

• 在早期研发阶段从有限样品量检测宿主细胞蛋白质

• 正交的分离机制可用于附加方法开发及检测验证

• 超低流速下通过降低离子抑制和更高的离子化效率提

升检测灵敏度

介绍

宿主细胞蛋白质（HCPs）是生物药制备过程中需要

避免产生的一类杂质，其可能对生物药的质量、药效和

安全性产生不利影响。治疗性单克隆抗体（mAb）制备

中HCP的定性和定量仍然是一个挑战，需要提高检测方

法的灵敏度和专属性。质谱，尤其是具有独立数据采集

模式的，如SWATH®采采集模式，是一种可靠且灵敏的

检测技术，能够实现HCP含量在ppm级别的检测。通过

将毛细管电泳（CE）技术和电喷雾电离技术（ESI）的结

合，得到的CESI技术可以通过两个方式来实现较低含量

的HCP的检测，这两种方式分别为降低离子抑制率和通

过超低流速（nL/min）来提高离子化效率。

本项研究展示了具有独立数据采集模式的CESI-MS

（SWATH®）对一种代表性的单克隆抗体中的HCP的检

测。为了模拟宿主细胞蛋白的产生，我们添加了一种

单克隆抗体降解的标准品，该标准品的大致浓度范围

在低于ppm到千分之一浓度范围内。当HCP的浓度在

千分之一的浓度时，我们通过CESI-MS信息依赖采集

（Information–Dependent Acquisition, IDA）来生成蛋白

/肽段数据库。CESI的表征分析是通过SWATH®数据采集

模式来对一系列梯度浓度的HCP进行分析。使用离子库

和SWATH®数据来筛选最能代表HCP浓度的肽和片段。然

后选择该浓度下的肽段作为计算HCPs线性方程的标准浓

CESI-MS结合SWATH®采集模式对宿主细胞蛋白进行超灵

敏度的检测

通过正交的CE分离和降低离子抑制率，宿主细胞蛋白的检出灵敏度可达ppm级别 
Bryan Fonslow1 and Eric Johansen2
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Ult
wit
Sub

Brya
1SCI

KEY

 D
q

 O
m

 Im
s
f

Intro
Host
prepa
qualit
HCPs
prepa
sensit
indep
acqui
HCPs
capilla
into o
sensit
and im
minut

We d
for the
repre
mAb
range
HCP
MS in
ion lib
perfor
acqui
scree
HCP
ions w
HCPs
cases
HCPs

tra-sen
th SWA

b-ppm HCP s

an Fonslow1

IEX Separat

BENEFITS

Detection of h
quantities in th

Orthogonal se
method develo

mprovement i
suppression a
flow rates 

oduction
cell proteins (H

aration process
ty, potency, and
s within therape
arations remain
tivity and spec

pendent acquis
sition, provides

s in the parts-p
ary electrophor

one process (C
tivity of HCP q
mproved ioniza
te flow rates.

emonstrate the
e ultrasensitive
sentative mAb 
digest with dig

e of sub-ppm to
proteins at ppt

nformation-dep
brary for protein
rmed with the H
sition. The ion 

en for peptides 
concentrations
were then used
s were quantifie
s even into the 
s over three ord

nsitive h
ATH® a
sensitivity t

and Eric Joh
tions, Brea, C

ost cell protei
he early devel

eparation mec
opment or det

in sensitivity t
and higher ion

HCPs) are unde
ses and can ne
d safety. Identi
eutic monoclon
n a challenge w
ificity.  Mass sp
ition such as p
s a robust and 
er-million (ppm
resis (CE) and 
ESI) presents t
uantitation thro
ation efficiency 

e use of CESI-M
e detection of h
preparation. T

ested protein s
o parts per thou
th concentratio
endent acquisi
ns/peptides.  Id
HCP dilution se
library and SW
and fragment i

s.  The concent
d to generate c
ed down to the
sub-ppm rang

ders of magnitu

host ce
acquisit
through an 

hansen2

CA; 2SCIEX,

ins from limite
opment phase

hanism for ad
tection validat

through reduc
ization efficie

esired impuritie
egatively affect 
fication and qu

nal antibody (m
with a need for 
pectrometry, pa
rovided by SW
sensitive mean

m) range. The in
electrospray io
the possibility t

ough reduced io
at ultralow nan

MS with SWAT
host cell protein
To simulate HC
standards over 
usand (ppth) co
ns were identif
ition (IDA) run t
dentical CESI s
eries using SW

WATH data wer
ions which bes
tration-indicativ
alibration curve

e low ppm rang
e, representing
ude. 

ell prote
tion
orthogonal

X, Redwood C

ed sample 
e

dditional 
tion 

ced ion 
ncy at ultra-lo

es in biologic 
biotherapeutic

uantification of 
mAb)

improved 
articularly data

WATH 
ns to quantify 
ntegration of 
onization (ESI)
to improve the 
on suppression
noliter per 

TH acquisition 
ns (HCPs) in a 
Ps, we spiked 
a concentratio

oncentrations. 
fied with a CES
to generate an
separations we

WATH 
re used to 
st represent the
ve peptides and
es for the HCP
e and in some 
g detection of 

ein dete

al CE separa

City, CA 

ow

-

n

a
on

SI-

ere

e
d

Ps.

Expe
 Sam

stan
mg/m
iodo
mixt
ppm
prot
µg/m

 CES
SCIE
temp
the a
Cart
infus
acet
(BG

CESI 80
TripleT
and Op

ection

ation and re

erimental
mple Preparat
ndard mixture
mL using a 4-h

oacetamide, an
ture was spiked

m, and ppb ra
teins. The pep
mL in 125 mM 

SI Conditions:
EX CESI 8000
perature contro
ability to delive
tridge (P/N B07
sion and peptid
tic acid were e

GE) and conduc

000 Plus High P
TOF® 5660 Syste
ptiMS Silica Surf

using C

educed ion s

tion: A represe
were digested
hour digestion 
nd trypsin. Th
d into the diges
ange to repre

ptide preparatio
ammonium ace

: CESI experim
0 Plus system (
olled auto sam
er up to 30 kV. 
7367) with a po
de mapping ex
mployed as the

ctive liquid. Afte

Performance Se
em via a Nanosp
rface Cartridge 

CESI-M

suppressio

entative mAb 
d separately to

protocol with R
he digested pr
sted mAb throu
esent contami
ons were then
etate, pH 4. 

ments were carr
P/N A98089) e
pler and a pow
An OptiMS Sili

orous tip was u
xperiments. Sol
e background e
er pressure inje

eparation Modul
pray® III source

p

MS

on

and 17 protei
o peptides at 
RapiGest, DTT
rotein standard
ughout the ppt
inant host ce
 diluted to 25

ried out with a 
equipped with a
wer supply with 
ica Surface 

used for 
utions of 10% 
electrolyte 
ection of ~25 

le coupled to a 
e, CESI adapter,

1

n
1

T,
d
h
ll 
0

a

度。HCP的定量范围最低可以达到ppm的级别，甚至能

够达到更低的级别，以最低检出量的3倍作为HCP的检出

限。

CESI 8000 Plus高性能分离模块通过Nanospray® III

源、CESI适配器和OptiMS熔融石英毛细管与TripleTOF® 

5600系统相连

实验

样品制备：使用RapiGest、DTT、碘乙酰胺和胰蛋白

酶的4小时酶解方案，将代表性mAb和17蛋白质标准混

合物分别酶解为1 mg/mL的肽。主细胞蛋白质将酶解的

蛋白标准品加入到单抗的酶解产物中，通过调节其加入

的浓度，分别得到ppth、ppm和ppb三种浓度范围，并

RUO-MKT-02-2817-ZH-A
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以此来模拟宿主细胞蛋白。然后在125 mM、pH4的乙酸

铵中将肽段稀释至250 μg/mL。

CESI条件：CESI配有温度控制的自动进样和高压

电源装置的SCIEX CESI 8000 Plus系统（P/N A98089）

进行，能够提供高达30 kV的电压。带有多孔尖端的

OptiMS熔融石英毛细管（P/N B07367）用于进样和肽

图谱实验。采用10％乙酸溶液作为背景电解质（BGE）

和导电液体。压力进样量约25 ng的肽段后，使用瞬时

等速电泳（t-ITP）进行样品堆积。  CESI的分离电压为

20 kV。定性和SWATH®采集定量分析采用相同的分离条

件。

MS/MS条件：使用具有由Analyst\TF 1.7软件控制

的Nanospray® III源和CESI接头（P/N B07366）的SCIEX 

TripleTOF® \5600+系统。用15个MS/MS周期（分别为

MS和MS/MS的100和50ms累积时间）信息依赖采集

（IDA）进行HCP鉴定。HCP检测和定量分别使用数据

独立的SWATH®采集进行，采用150和50 ms的MS和

SWATH®扫描累积时间，分别从300-1200 m/z进行30次

恒定窗宽扫描（30 m/z，1 m/z重叠）。

数据分析：高分辨率的MS和MS/MS图谱分析使用

SCIEX ProteinPilot™、PeakView®和MultiQuant™软件。
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图1. 来自CESI-MS IDA的原始数据以千分之一蛋白质标准物和mAb样品

制备物运行。原始数据表示为（A）MS/MS选择的肽的热点图，（B）

CESI肽分离的代表性肽MS/MS谱和（C）总离子流图（TIE）。

图2. 使用ProteinPilot™鉴定来自CESI-MS的代表性mAb和蛋白质标

准品。蛋白质序列中呈绿色的肽代表使用SWATH®值捕获进行定量

的最佳候选物，因为它们具有最好的MS/MS信号。将这些肽导入

PeakView® / SWATH® microapp进行评估。

图3. 基于（A）酵母裂解物和（B）每1千个HCP/mAb制剂的IDA运行的

可变SWATH®采集窗口宽度的计算。

结果

宿主细胞蛋白检测的第一步是用IDA进行高浓度蛋白

的定性分析，实际上，该实验将在部分纯化的mAb制备

物上进行。在这里，我们模拟了部分纯化的制剂，其中

蛋白标准品相对于单克隆抗体以千分之一质量加标。具

有代表性的CESI-MS IDA谱图通过IDA Explorer展现在图1

中。即使是在较低浓度下，CESI-MS的IDA数据能够利用

宿主细胞蛋白的标准谱图来实现肽段的表征。图2中显示

来自IDA实验的ProteinPilot™搜索结果。来自蛋白质和肽
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图4. CESI-MS SWATH®采集运行的代表性总离子流图（TIE），包括ppb
至ppth浓度范围内的空白和HCP加标运行。

图5.（A）肌红蛋白肽VEADIAGHGQEVLIR y7和y13离子的提取碎片离

子电泳图。（B）将SWATH® MS光谱（蓝色）与先前鉴定的肌红蛋白

肽碎片离子（粉红色）进行匹配。（C）基于来自三次运行的HCP浓度

的片段离子峰面积图。

数据库匹配的肽片段离子随后可以被SWATH®采集数据

系统确定为是否是宿主细胞蛋白。

可以用不同的m/z窗口配置执行SWATH®采集，以

聚焦在m/z信息丰富的区域。我们使用CESI-MS研究了

使用恒定和可变的检测窗口对HCPs分析的结果。肽段

的碎片信息通常在400-800 m/z范围内是最丰富的，因

此所测试的可变窗口构型之一是由来自酵母裂解物的常

见肽酶解产物的LC-MS IDA分析产生的。其他变量窗口

配置我们评估是由来自HCP/mAb制备物的重复CESI-MS 

IDA运行产生的，如图1所示。两种可变窗口配置结果

如图3所示。通过稀释宿主细胞蛋白到一系列的特征浓

度，每个浓度下利用SWATH®数据采集系统重复进样3

次。图4显示了重复运行的典型总离子电泳图。

可以使用PeakView®中的SWATH®处理来选择肽

和碎片离子进行定量。图5显示了选择用于宿主细胞

残留蛋白质定量的代表性SWATH®数据。从肌红蛋白

VEADIAGHGQEVLIR（图5A）中提取的两个的碎片离子

电泳图谱具有相同的迁移特征，结果表明它们来自相同

的肽段。这两个离子与来自IDA运行的肽文库中发现的相

匹配（图5B）。此外，如果在校准曲线的三次运行之间

考虑碎片离子，则观察到适当的定量趋势（图5C）。这

三部分数据共同说明了即使是少量的碎片化离子也同样

能够实现HCP中具有代表性肽段的定量。

单抗药制备中的宿主细胞蛋白质的浓度非常低，质

谱法的灵敏度通常会被推到极限，可能会进入低S/N水

平。超低流速（20 nL/min）的CESI技术降低了离子抑制

效应，因此可以扩展HCP检测的动态范围和灵敏度。图

6显示了先前用LC-MS方法显示的使用SWATH®获取鉴定

的肽的常见预期灵敏度和动态范围，优于LC-MS的方法
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f图6.来自肌红蛋白肽（A）VEADIAGHGQEVLIR b2离子和（B）

HGTVVTALGGLK y7离子的三次CESI-SWATH® MS运行的校准曲线。
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图7. 使用MultiQuant™值浓度范围为0.1 ppm至100 ppm的肌红蛋白肽

NDIAAK的提取片段离子电泳图。

1。也就是说，通过采用CESI-MS，SWATH®数据采集系

统来进行HCP中候选肽段离子的表征，可以实现肌红蛋

白中两个特定的肌红蛋白片段的表征。然而，在我们的

分析中有一些肽检测的例子具有更高的灵敏度和动态范

围。为了更为具体的说明其中一个量化的S/N比率，我们

提取了所示的肌红蛋白肽NDIAAK的片段离子电泳图，如

图7所示。即使在0.1 ppm浓度下，NDIAAK的S/N比约为

20，便于在低于ppm能够检测到这种代表性HCP。值得

注意的是，空白样品信噪比为10，而0.1 ppm样品信噪

比约为200。

结论

通过CESI-MS联用技术，该工作流程有助于在治疗

性单克隆抗体生产过程中对低含量的宿主蛋白细胞进行

检测。CESI与SWATH®采集的结合减小了离子抑制效应，

利用数据依赖性采集，为宿主细胞蛋白定量提供了一个

强大的工具。该应用提高了毛细管电泳技术在生物药表

征中的多样性和效率，是对高流速和微流速LC-MS的补

充。
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LC-MS/MS作为传统配体结合分析（LBAs）的正交技

术，已被广泛应用于日常的生物药定量分析。生物样本

的样品量通常是非常有限的，因此需要高灵敏度的分析

方法，MicroFlow LC-MS/MS在这方面有非常大的优势。

微升流速色谱技术和免疫亲和样品制备方法的实施，大

大提高了检测灵敏度。微升流速液相色谱提升了多倍的

信号强度，而基于免疫亲和原理的样品制备方法大大提

高了样品的净化度，从而减少了基线干扰1。本文介绍了

一种用于超灵敏定量小鼠血浆中SILuLite SigmaMAb抗体

的混合LBA/MicroFlow LC-MS/MS工作流程。这种方法也

可以转移到动物基质中其他任何单克隆抗体的定量分析

中。

SCIEX免疫亲和-MicroLC-MS/MS解决方案主
要特点

• M5 MicroLC 系统可提供：

• 微升流速控流量控制，可将流速精确至1 µL/min

• 实现快速和大体积进样的捕集-洗脱选项

• 与任何MicroFlow LC 色谱柱灵活搭配

• 搭配OptiFlow™ Turbo V离子源的QTRAP® 6500+ LC-

MS/MS系统可提供（Figure 1）

• 设置简单，无需优化探头或电极位置

• 性能稳定，电极寿命长

• 优化的免疫亲和样品制备方法可提供:

• 降低样本复杂性和基质干扰

• 满足所需的线性动态范围

• 缩短样品制备时间

使用微升流速液质联用法测定生物体液中单克隆抗体的通

用性方法

SCIEX QTRAP ® 6500 + LC-MS/MS系统和OptiFlow™ Turbo V 离子源及 M5 MicroLC 系统

Lei Xiong, Ji Jiang, and Remco van Soest

SCIEX, Redwood City, California, USA

方法

目标分析物的免疫捕获：（图2）将涂有链霉亲和素

的免疫亲和性磁珠浆等量均分并用PBS缓冲液（1x）洗涤

三次。将生物素标记抗人IgG抗体（0.5 mg/mL）加入磁

珠中，在室温下摇动孵育1小时。将结合后的磁珠洗涤三

次并重新悬浮于PBS缓冲液（1x）中。25 μL小鼠血浆加

入SILuLite标准品，作为校准标准品。血浆中的SILuLite浓

度分别为2、10、50、100、500、1000、5000、10000

和20000 ng/mL，以SILuMab为内标。在每个校准标准样

品中，添加100 µL PBS缓冲液（1x）、50 µL结合的磁珠

浆和内标，并在室温下摇动孵育1小时。用磁力架富集珠

粒，然后用PBS缓冲液（1x）和10 mM碳酸氢铵依次清

洗。将磁珠在0.1%TFA溶液中旋涡培养10分钟，洗脱目

标蛋白。

免疫亲和富集洗脱液的蛋白酶酶解：将洗脱液转移

到96个孔板，使用1 mM氯化钙在500 mM碳酸氢铵水中

中和。 
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The sample plate was placed into a deep well thermo-shaker 
and incubated at 95 °C for 10 mins with shaking. The plate was 
cooled to room temperature, and 1 µg of trypsin/lysineC was 
added to each sample. The trypsin digestion was conducted by 
incubating the samples for 1 hour at 50 °C with gentle shaking 
and aborted by adding formic acid. The supernatants from the 
samples were subjected to LC-MS/MS analysis. 

LC-MS Conditions for Microflow Analysis: Each sample was 
analyzed in triplicate by a QTRAP 6500+ LC-MS/MS system 
coupled with M5 MicroLC system at the trap-elute mode. Table 1 
describes the chromatographic conditions for analyte trapping. 
Table 2 describes the chromatographic conditions for analyte 
separation. During sample loading, the analytes were trapped 
and desalted on the trap column. During analyte separation, the 
auxiliary valve was at “inject” position for the first 5 min to 
connect the trap column with analytical column.  

 

 

Figure 3. Valve Configurations. Diagrams for plumbing of valve for 
“Load” position (top) and “Inject” Position (bottom). 
 

At 5 min, the auxiliary valve was switched to “load” position to 
connect the trap column with the loading pump for column 
washing (Figure 3).   

MS analysis was performed on a QTRAP 6500+ LC-MS/MS 
system with OptiFlow Turbo V Source with a 25 μm 
SteadySpray™ probe and electrode. The OptiFlow Turbo V 
Source requires no physical adjustment of the probe or electrode 
positions. The optimized MS parameters are listed in Table 3 
and 5. The data were processed using MultiQuant™ 3.0 
software. 

 

 

Figure 2. Sample Preparation Workflow. 

Table 1: Chromatographic Conditions for Microflow Analysis: 
Analyte Trapping. 

 

Parameter Value 

Stationary phase Phenomenex Luna 5 µm, C18 Trap Column, 20 x 
0.3 mm 

Mobile phase A 0.1% formic acid in water 

Mobile phase B 0.1% formic acid in acetonitrile 

Flow rate 50 µL/min 

Column temperature Room Temperature 

Injection volume 30 µL 

  

Time Flow Rate (µL/min) %A %B 

0 50 100 0 

7 50 100 0 

8 50 10 90 

9 50 10 90 

9.1 50 100 0 

12 50 100 0 

    

图2. 样品制备工作流程。
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图 3. 阀配置. 图示“Load” 位置 (上图) and “Inject” 位置 (下图)。

表1. 微升流速色谱分析条件：待测物捕获。

Parameter Value

Stationary phase Phenomenex Luna 5 µm, C18 
Trap Column, 20×0.3 mm

Mobile phase A 0.1% formic acid in water

Mobile phase B 0.1% formic acid in acetonitrile

Flow rate 50 µL/min

Column temperature Room Temperature

Injection volume 30 µL

Time Flow Rate (µL/min) %A %B

0 50 100 0

7 50 100 0

8 50 10 90

9 50 10 90

9.1 50 100 0

12 50 100 0

将样品板放入加热摇床中，在95 ℃下摇匀培养10分

钟。随后冷却至室温，并向每个样品中添加1 µg trypsin/

Lys-C混合酶。将样品在50 ℃下缓慢摇动培养1小时以进

行胰蛋白酶消化，然后加入甲酸中止。取上清液进行LC-

MS/MS分析。

微升流速液相色谱-质谱条件：样品一式三份，用

QTRAP® 6500+ LC-MS/MS结合M5 MicroLC，以捕获-洗

脱方式对样品进行分析。表1描述了待测物捕获的色谱条

件。表2描述了待测物分离的色谱条件。在样品上样过

程中，分析物被捕集柱捕获并脱盐。在待测物分离过程

中，辅助阀在前5分钟处于“Injection”位置，以连接捕

集器柱和分析柱。

5分钟时，将辅助阀切换到“Load”位置，将捕集

器柱与上样泵连接，以进行柱清洗（图3）。

质谱分析采用Q T R A P ® 6 5 0 0 + L C - M S / M S及

OptiFlow™ Turbo V离子源，装配25 μm Steadyspray™

探针和电极。优化后的M S参数见表3和表5。使用

MultiQuant™ 3.0 software软件进行数据处理。

常规流速液相色谱-质谱条件：为了确定常规流速检

测和微升流速检测之间的灵敏度差异，用QTRAP® 6500+ 

LC-MS/MS系统结合Exion LC™ AC系统对每个样品进行

分析。表4描述了常规流速的液相色谱条件。MRM参数

与微升流速检测相同（表3）。离子源/气体参数在0.7 

mL/min流速下优化，如表5所示。使用MultiQuant™ 3.0

处理数据。
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表2. 微升流速色谱分析条件：待测物分离。

Parameter Value

Stationary phase Phenomenex Kinetex 2.6 µm, XB-
C18 Column, 50 x 0.3 mm

Mobile phase A 0.1% formic acid in water

Mobile phase B 0.1% formic acid in acetonitrile

Flow rate 5 µL/min

Column temperature 40 ºC

Injection volume NA

Time Flow Rate(µL/min) %A %B Comment

0 5 97 3

5 5 65 35 Valve Load

5.2 5 10 90

9.8 5 10 90

10 5 97 3

12 5 97 3

表3. 微升流速分析的MS条件。

Name Q1 Q3 DP CE CXP

GPSVFPLAPSSK1 593.8 699.4 78 28 15

GPSVFPLAPSSK21 593.8 846.5 78 28 15

FNWYVDGVEVHNAK1 560.0 708.8 60 22 15

FNWYVDGVEVHNAK2 560.0 615.7 60 23 15

GPSVFPLAPSSK[H]2 597.8 854.5 78 28 15

FNWYVDGVEVHNAK[H]2 562.9 713.3 60 23 15
1 Most suitable transition for quantification.
2 Internal standard transitions.

表4. 常规流速的色谱条件。

Parameter Value

Stationary phase Phenomenex Kinetex C18 column, 
50 x 3.0 mm

Mobile phase A 0.1% formic acid in water

Mobile phase B 0.1% formic acid in acetonitrile

Flow rate 0.7 mL/min

Column temperature 40 ºC

Injection volume 30 µL

Time Flow Rate (ml/min) %A %B

0.0 0.7 95 5

0.7 0.7 95 5

0.8 0.7 90 10

3.5 0.7 75 25

4.0 0.7 60 40

4.5 0.7 10 90

6.0 0.7 10 90

6.1 0.7 95 5

7.5 0.7 95 5

表5. 用于微升流速和常规流速分析的MRM离子源/气参数。

Source/Gas 
Parameter

Microflow 
Value

Analytical Flow 
Value

Curtain Gas: 25 30

Ion Source Gas 1: 20 65

Ion Source Gas 2: 15 65

CAD gGs: High High

Ion Spray Voltage: 5000 5500

Source Temperature: 150 600
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Results and Discussion 

The signature peptide selection follows the criteria considering 
ionization and fragmentation efficiency, baseline cleanness in 
matrix, and post-translational modifications. These peptides have 
conserved amino acid sequences that are identical in 
immunoglobulin G (IgG). Therefore, the MRM method can be 
applied to other IgG based biotherapeutics without modification. 
For each peptide, the MRM transition with the highest S/N was 
selected for quantitation purpose. To achieve the desired assay 
sensitivity with limited sample volume (25 µL plasma per 
sample), the microflow chromatographic technique and 
immunoaffinity based sample preparation method were 
implemented. A 5 µL/min HPLC flow rate was applied for 
improved ionization efficiency; a trap-elute LC profile was used 
to increase sample injection volume and shorten sample loading 
time. The MRM parameters for signature peptides were 
optimized for both microflow and analytical flow analysis. An 
immunocapture based sample preparation was performed to 
minimize the matrix interference.  

With the optimized method condition, the presented microflow 
assay achieved an LLOQ of 2 ng/mL for SILuLite quantification 
in mouse plasma (Figure 4). As summarized in Table 6, the 
assay accuracy is 87-109%, and CV%s are below 15% for all 
tested samples. The calibration curve covered 4.5 orders of 
magnitude (1-20000 ng/mL) (Figure 5) and displayed a 
regression coefficient (r) of 0.996 using a weighting of 1/x2.  

 

 

 
Figure 4. MRM Data for SILuLite. Extracted ion chromatograms (XICs) 
of selected MRM for SILuLite. From left to right are Blank, 2 ng/mL, 10 
ng/mL. 

 
Figure 5. Calibration Curve for SILuLite. Concentration Ratio-Area 
Ratio and log Concertation Ratio-log Area Ratio for quantitation of 
SILuLite in mouse plasma (2 ng/mL to 20000 ng/mL). 

To identify the sensitivity difference between the microflow and 
analytical flow analysis, the same set of samples were analyzed 
on both microflow and analytical flow LC-MS systems with the 
same injection volume. As shown in Figure 6, a >3 fold increase 
on peak area and >2 fold increase on S/N were observed on the 
low concentration standards. 

 

 

 

Figure 6. Microflow vs Analytical Flow Signal Comparison. Extracted 
ion chromatograms (XICs) of selected MRM for SILuLite at 2 ng/mL (top) 
and 10 ng/mL (bottom). The left are XICs generated with analytical LC 
flow rate, the right are XICs generated with microLC flow rate. 

 

图4. SILuLite的MRM数据。SILuLite MRM的提取离子流图（XICs）。从

左到右依次为空白，2 ng/mL，10 ng/mL。
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图5. 血浆中2 ng/mL 到 20000 ng/mL SILuLite校准曲线。
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图6. 微升流速与常规流速信号比较。在2 ng/mL（上图）和10 ng/mL
（下图）的浓度下， MRM提取离子流图（XICs）。左边是常规流速下

的XICs，右边是微升流速下的XICs 。

结果和讨论

标记肽的选择考虑了离子化和裂解效率、基线噪

音和翻译后修饰的几方面。这些肽具有与免疫球蛋白G

（IgG）相同的保守氨基酸序列。因此，MRM方法可以

应用于其他基于免疫球蛋白的生物治疗药物而无需修

改。对于每一个肽，选择具有最高S/N的MRM离子对进

行定量。为了在有限的样品体积（每个样品25微升血

浆）下达到所需的分析灵敏度，采用了微升流速色谱技

术和基于免疫亲和原理的样品制备方法。采用5 μL/min

的HPLC流速来提高离子化效率；采用捕获-洗脱方式来

增加样品注入量和缩短样品加载时间。对标记肽的MRM

参数进行了微升流速和常规流速的分别优化。免疫捕获

原理的样品制备方式有效降低了基质干扰。

在优化的方法条件下，所述微升流速分析实现了小

鼠血浆中SILuLite 2 ng/mL的LLOQ定量能力（图4）。如表

6所示，所有样品的测定准确度为87-109%，CV %s低于

15%。校准曲线覆盖了4.5个数量级（1-20000 ng/mL）

（图5），使用1/x2的权重计算回归系数（r）为0.996。

为了进一步确认微升流速分析和常规流速分析之间

的灵敏度差异，在相同进样量的情况下，同时使用两套

LC-MS系统分析了同一样品。如图6所示，使用微升流

速色谱，低浓度样品峰面积增加3倍以上，S/N增加2倍

以上。

结论

通用免疫亲和微升流速液相色谱-质谱联用法，建

立了测定小鼠血浆中SILuLite含量的方法。采用QTRAP® 

6500+ LC-MS/MS 系统，配以OptiFlow™ Turbo V离子源

和M5 MicroLC系统，以2 ng/ mL的水平对SILuLite进行了

定量分析，具有高重现性、4个数量级的动态范围和最低

的离子源优化要求。该方法可应用于其它生物治疗药物

的临床前定量分析。
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表6. 定量结果汇总。

Actual Conc. 
(ng/mL)

Calculated Conc.
(ng/mL)

Accuracy 
(%)

CV
 (%)

2 1.94 96.8 6.1

10 11.5 114.5 7.5

50 52.3 104.7 2.3

100 108.6 108.6 3.5

500 508.2 101.6 1.0

1000 887.5 88.8 4.6

5000 4895.9 97.9 3.3

10000 9200.6 92.0 0.9

20000 19022.9 95.1 1.6

参考文献

1. Zhang F., Li Y., etc, Quantification of Trastuzumab in 

Rat Plasma using an Improved Immunoaffinity-LC-MS/

MS Method, SCIEX Technical Note

致谢

SCIEX中国团队肖志良的翻译工作！



72RUO-MKT-02-5472-ZH-A

ADC代谢物研究的难点与挑战

• ADC代谢物研究必须考虑其可能存在的不同状态：药

物、药物加linker及可能结合的氨基酸或肽

• 多种存在状态可能发生的潜在生物转化均需研究

• 如何在复杂生物基质中测定低浓度药物代谢物

• 如何一次对代谢物进行全面分析，提高效率，而不用

反复进样分析

• 在高通量环境中，如何保证数据质量，同时进行定性

定量分析

MetabolitePilot™ 2.0 软件用于ADC代谢分析
的特点

• 具有ADC代谢物分析的专业工作流程，可同时对ADC

结合的药物，linker和抗体进行代谢物分析

• 多种功能峰提取策略可以利用一级质谱（MS）及二

级质谱（MS2）同时进行目标及非目标相关药物代谢

物分析

• 专业的ADC结构解析界面可以同时对药物及多肽进行

MS2碎片结构解析

• 内置Correlation功能可以对紫外及质谱数据检测到的

代谢物，进行多样本不同时间，或者不同物种代谢物

种类和含量进行相互比较分析

简介

抗体偶联药物(ADC) 可以将细胞毒性分子经过设计，靶向

运输到疾病或者肿瘤细胞，在靶组织或者靶细胞内释放药物。

ADC由3部分组成： 特异性抗体，毒性小分子药物，及连接两

者的linker。设计ADC的目的是最大程度的把药物运输到靶组

MetabolitePilot™ 2.0 软件和 TripleTOF® 6600液质联用

系统应用于抗体偶联药物（ADC）代谢物分析

MetabolitePilot™  2.0 软件 和SCIEX TripleTOF®  6600 液质联用系统

Ian Moore and Yuan-Qing Xia
SCIEX, Concord, ON, Canada 
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 Metabolism studies of ADCs must consider many 
different species: payload, payload plus linker, 
and payload plus linker conjugated an amino acid 
or peptide 

 Potential biotransformations of all the above 
species must also be considered 

 Missing, lowlevel drug metabolites in complex 
biological matrices 

 Incomplete metabolite information leading to 
repeated sample analysis and decreased 
productivity 

 Maintaining data quality for both quantitative and 
qualitative analysis in a highthroughput 
environment 




 A dedicated ADC processing workflow that 
performs targeted searching for all components of 
the ADC: payload, linker and antibody 

 Multiple peak finding strategies utilizing MS and 
MS/MS information for targeted and untargeted 
searching for drug related metabolites 

 Dedicated ADC structure assignment workspace 
and MS/MS fragment interpretation workspace 
where both payload and peptide are considered  

 Integrated correlation function allows comparison 
of metabolism across multiple samples for time 
course studies or interspecies comparison, using 
both MS and analog data. 

 

Antibody drug conjugates (ADC) are designed for targeted 
delivery of a cytotoxic molecule to a diseased or 
cancerous tissue. ADCs are composed of three 

 

 
The SCIEX Advanced Biotransform Solution featuring the new 
MetabolitePilot 2.0 software, TripleTOF® 6600 and Exion AD LC system.

 












 




 






































The structures of the linker plus payload of 
trastuzumab emtansine (TE) and SigmaMAb Antibody Drug Conjugate 
mimic (MSQC8), sites of conjugation to the mAb are highlighted in red. 

图1. SCIEX 代谢物分析解决方案。MetabolitePilot™ 2.0 软件，Exion 

AD LC- TripleTOF® 6600 液相色谱质谱联用系统。

图2. 曲妥珠单抗（Trastuzumab emtansine，T-E）和 SigmaMAb 

Antibody Drug Conjugate mimic (MSQC8) 结构，红色为mAb 链接位

点。
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织，减少在非目标组织的分布。目前FDA 已批准两个ADC用于

治疗癌症，但ADC技术的研究工作已经发展到整个制药业及治

疗领域, 而不仅仅是癌症。



73

生物药分析解决方案                                                    

RUO-MKT-02-5472-ZH-A

A D C 常用的 L i n k e r 分为两大类， C l e a v a b l e 和

Noncleavable。Cleavable linker不稳定， 进入目标细胞后，被

细胞内切酶或者化学环境变化（如pH）来释放毒性药物分子。

Noncleavable linker不包含任何有效的药物释放机制，随着单

抗在细胞外降解释放活性成分，这种活性成分是毒性药物与

Linker结合物或者其降解释放时，从单抗上获得一个及多个氨

基酸。

除了研究小分子药物从抗体的分离机制外，ADC研究的关

键点是Cleavable和Noncleavable Linker释放的药物以何种形式

存在，可能存在哪些代谢物。除了血浆或血清孵化, 在体外用

纯化的细胞组分 (溶酶或S9) 或纯化的酶温孵，常被用来识别药

物从 ADC 释放机制及代谢分析。

ADC代谢及分解产物很多，同时必须考虑药物和Linker结

合物可能结合的一个及多个氨基酸后可能存在的生物转化、分

裂及降解。为解决这一难题，SCIEX在新版的MetabolitePilot™ 

2 . 0软件中引入专业的A D C工作流程。本应用文章利用

MetabolitePilot™ 2.0软件中的ADC工作流程，鉴定了两个

Noncleavable Linker 的ADC药物，经人肝溶酶体和 S9孵化后，

存在的代谢物。

实验

试剂

曲妥珠单抗（Trastuzumab emtansine，T-E）商业购买， 

SigmaMAb Antibody Drug Conjugate mimic (MSQC8) 由Sigma-

Aldrich提供，人肝溶酶体（Human liver lysosomes，HLL），S9 

Fraction 及代谢缓冲液由Xenotech提供。

样品制备：孵育

ADC与HLL (0.25 mg/mL) 或S9 Fraction (1 mg/mL)温孵，

ADC浓度为 50 µg/mL。空白样品制备方式为两种，一种为加

ADC不加HLL 或S9，另一种为加HLL 或S9 不加ADC。 总反应

液体积为200ul，其中含水70ul，20ul代谢缓冲液， 100 µL HLL 

或S9 ，10 µL分析物储备液。

分别在1h，2h，4h，26h取50ul溶液用于样品处理，加入

250ul冰乙腈，离心15min（14 x g），取上清，37°C真空浓

缩至干，用50ul含5%流动相B的溶液复溶，进行分析。

质谱数据采集

数据采集使用SCIEX TripleTOF® 6600系统，SWATH®模

式。TOF MS扫描质荷比范围m/z 300到2000，MS/MS 数据采

集使用25个SWATH®可变窗口，质荷比范围集中在药物加Linker

及可能结合的氨基酸。在母体结合物分子量附近有5个13Da的

采集窗口(T- E m/z1103，MSQC8 m/z789) ，窗口逐渐变大到

50, 100, 200覆盖50-2000Da质荷比范围。碰撞能量CE 40，碰

撞能量范围±15。SWATH®方法总扫描时间850ms。

色谱条件

液相色谱系统SCIEX Exion AD，色谱柱Phenomenex Aeris 

C18 Peptide (2.0 x 150 mm), 1.7 µm。流动相A：0.1%甲酸

水，流动相B: 0.1%甲酸乙腈，线性梯度洗脱，起始5%B，

26min内 逐渐升到80%B。

数据处理

MetabolitePilot™ 2.0 软件建立ADC药物 T-E 和MSQC8的

专业处理方法。第一步，加载药物及Linker结构式，标记氨基

酸结合位点，选择共轭类型，导入氨基酸序列。第二步，设置

可能与药物结合的抗体蛋白或肽段碎片的大小，两个非特异性

裂解肽键加上二硫键可能会链接5个氨基酸。最后选择生物转

化途径及药物碎裂后可能发生的代谢反应。由于HLL与S9的温

孵体系pH控制在5，药物加Linker生物转化途径主要有脱水，

去甲基，水解。

反应是体外试验，不考虑母体的 I相及 I I相代谢反应。

DM1+MCC二级质谱图作为对照谱图，指定特征子离子与中性

丢失。MSQC8药物不设置对照谱图。

两个ADC 药物TOF MS峰查找策略采用预测代谢物与未知

峰查找算法，TOF MSMS峰查找算法适用于有对照谱图的T-E，

设置2个特征碎片离子(485.22, 547.22)，1个中性丢失，同时

高级MS/MS过滤窗口设置为1。检索代谢物的色谱保留时间窗

口为3到29min，仅提取样品响应比空白高3倍的色谱峰，代谢

物最多带3个电荷。

结果

在MetabolitePilot™ 2.0 建立批处理分析序列，使用上

面描述的数据处理参数，同时处理HLL及S9各个时间点温

孵样品采集的SWATH®数据及两种方法处理的空白样品。

MetabolitePilot™ 2.0可以同时处理200个样品，较之前的30个

效率有很大提高，同时在整个分析批完成之前，可以在结果界

面查看已经处理好结果文件。
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only: loss of water, demethylation, internal hydrolysis and 
the parent (payload plus linker). Phase I and II metabolism 
of the parent was not considered for this  system. A 
reference MS/MS spectrum was available for DM1+MCC 
and used to designate characteristic product ions and 
neutral losses. A reference spectrum for the MSQC8 
payload was not available. 
Peak finding for both ADCs included TOF MS with both 
predicted and generic peak finding algorithms. The TOF 
MSMS peak finding algorithm was used for TE since a 
reference MS/MS spectrum was available, at least 2 
characteristic product ions (485.22, 547.22) and 1 neutral 
loss were selected and the advanced MS/MS filter was set 
to 1 unit below confident. A retention time window of 3 to 
29 minutes was used to search for metabolites products. 
A sample to control comparison ratio of >3 was used and 
metabolites up to a charge state of 3 were considered. 
 

The MetabolitePilotTM 2.0 batch workspace was used to 
setup and process the SWATH data collected from 
incubations of both ADCs with HLL and S9 incubations at 
all time points using the data processing parameters 
described above. Both control samples were used during 
processing of each time point. The batch processing table 
of MetabolitePilot 2.0 has been expanded from 30 to 200 
rows to increase throughput and the results from each 
sample may be viewed individually in the results 
workspace as they are completed before the whole batch 
is finished. 

A total of 59 potential metabolites of TE were found in the 
26 hour time point of the incubation with HLL within the 
retention time window of 3 to 29 minutes. As TE contains 
a noncleavable linker the released payload species 
consists of DM1MCC plus a lysine residue. Using the 
results workspace of MetabolitePilot 2.0 Software this 
released product was found at retention times 15.01 and 
15.27 minutes as the released payload is a pair of 
diastereomers (Figure 3). The released payload was 
found in the TOF MS spectra as singly charged and 
doubly charged protonated species and as the singly 
charged sodium adduct all within ±2.0 ppm (m/z 
1103.4763, 552.2145 and 1125.4573).  

 
  The results workspace of MetabolitePilot 2.0 software 
displaying results from the incubation of TE with human liver lysosomes. 
The released payload species (payload+linker+lysine) was found at 
retention times 15.01 and 15.27 minutes as a pair of diastereomer peaks. 
The structure of the payload and linker species is displayed on the left 
with the amino acid of conjugation below. Also displayed is the MS and 
MS/MS spectra of the released payload species.

  The interpretation results workspace of MetabolitePilot 2.0 
software displaying results of the released payload species 
(payload+linker+lysine) from the incubation of TE with human liver 
lysosomes. In this workspace product ions in the MS/MS spectra are 
assigned to the identified metabolite. There are separate assignments for 
both the small molecule payload and sequences of the mAb. 

 

After identification of the released payload species in the 
results workspace further confirmation was performed 
using MS/MS in the interpretation workspace (Figure 4). 
Once a putative metabolite is identified the structure of the 

图3. MetabolitePilot™ 2.0软件代谢物鉴定结果界面，图为T-E人肝溶酶

体代谢物温孵代谢产物。从图中可以看出，药物加Linker加赖氨酸有1
对非对映异构体，提取离子流图保留时间在15.01min与15.27min，药

物加Linker的结构显示在左边，结合的氨基酸显示在下边，代谢物对应

的一级质谱与二级质谱显示在右边。
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图4. MetabolitePilot™ 2.0 软件结构解析界面，图为T-E人肝溶酶体代

谢物温孵代谢产物。预测代谢物结构药物加Linker加赖氨酸与实测二级

谱匹配，进行二级碎片结构解析，计算匹配度，小分子药物结合物与

mAb序列分别在两个窗口显示。

Table 1. T-E HLL及S9温孵液鉴定到药物加Linker代谢物列表。

代谢物 RT 1 RT 2

Parent 17.6

Parent+YK 15.17 15.40

Parent+K 15.01 15.27

Parent+KV 15.1 15.4

Parent+KS 15.0 15.3

Parent+KA 14.8 15.1

T-E HLL 26h温孵液在3min-29min检测到59个潜在代

谢物，由于T-E含有Non-cleavable Linker，释放的药物组成

为DM1-MCC加上一个赖氨酸残基，查看MetabolitePilot™ 

2 .0结果文件发现其存在1对非对映异构体，保留时间分

别在15.01min与15.27min（图3），单电荷 ( [M+H]+ m/

z 1103.4763)，双电荷( [M+2H]2+ m/z 552.2145)，还有 

[M+Na]+ (m/z 1125.4573)同时存在，质量精度好，质量偏差均

小于±2ppm。

结构解析窗口可以结合实测二级谱图进一步确认鉴定到的

代谢物（见图4）。第一步，预测代谢物结构药物加Linker会被

加载到结构界面，预测肽段序列会被加载到序列界面，共轭的

残基被标记。第二步，软件会自动将预测代谢物二级谱图与参

比二级谱图比对，计算存在几个相同的特征性。

碎片与中性丢失。单电荷DM1-MCC加上一个赖氨酸残

基代谢物与对照谱图相比，存在4个相同的二级碎片离子（标

记为橙色），m/z 140.0701、m/z 467.2086、m/z 485.2209 

、 m/z 547.2208 质量偏差±4.0 mDa，其中3个可以与结构匹

配，点击质荷比即可看到粗体显示的对应碎片结构。

在26h温孵样品中，采用类似的工作流程，可以发现与确

认其他药物代谢物与抗体序列。鉴定到其余4个代谢物为DM1-

MCC结合二个氨基酸序列，至少有2个相同子离子碎片，同时

存在1对非对映异构体，鉴定到代谢物列表见表1。样品中未发

现结合二个氨基酸序列的代谢物，原因可能是由于样品前处理

采用有机溶剂沉淀。

MetabolitePilot™ 2.0 软件Correlation界面可以展示代谢

物在不同时间点及不同温孵条件的变化，图示可以使用x，y坐

标，柱状图或者表格。在Correlation界面，选定代谢物的提取

离子流图（XIC），TOF MS及TOF MS/MS质谱图均可以重叠显

示。图5展示了HLL温孵体系产生的代谢物，药物加Linker加赖

氨酸在不同时间点含量的变化，该代谢物在2h，4h均能检测

到，1h未看到。2h到4h该代谢物峰面积(保留时间15.01min及

15.27min)增加了4倍，4h到26h增加了5倍。
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表2. MSQC8 HLL及S9温孵液释放代谢物药物+linker+半胱氨酸

与质荷比差14的去甲基代谢物一级二级质谱比对。 

代谢物 释放代谢物 脱甲基代谢物

TOF MS 789.3662 775.3502

TOF MS/MS 1 449.2599 435.2390

TOF MS/MS 2 432.2329 418.2311

TOF MS/MS 3 336.1750 322.1596
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payload and linker is loaded into the fragment 
interpretation workspace and the putative peptide 
sequence is loaded into the sequence workspace and the 
residue of conjugation is assigned. Next the assign 
fragments feature is used to calculate potential structures 
for the fragments and neutral losses in the MS/MS 
spectrum. For the singly charged released payload 
species 4 common product ions (indicated in orange) were 
found in the MS/MS at 140.0701, 467.2086, 485.2209 and 
547.2208 within ±4.0 mDa. Three of the four common 
product ions had structures proposed as indicated in bold 
on the chemical structure.  

A similar workflow was followed to identify and confirm 
other released payload species containing larger portions 
of the antibody sequence in the 26 hour sample. Four 
other catabolites containing the unmodified DM1MCC 
conjugated to a dipeptide sequence were found that had 
at least two product ions in common and appeared as a 

pairs of diastereomeric peaks. Table 1 lists their identity 
and sequence. No catabolites conjugated to anything 
larger than a dipeptide were confirmed in the sample, this 
likely due to a combination of the length of the incubation 
and the sample workup which involved an organic 
precipitation. 

The correlation workspace of MetabolitePilotTM 2.0 
software was next used to confirm the presence of the 
identified metabolites across the assay time points and 
between liver fraction experiments. The correlation 
workspace has an interactive graph window where results 
can be displayed as an x, y plot, bar graph or table. In 
addition to the correlation workspace overlaid XIC’s, TOF 
MS and TOF MS/MS spectra are also displayed for the 
chosen metabolites/catabolites. Figure 5 displays the 
correlation plot of the released payload plus lysine from 
the HLL incubation. It was also observed in the 2 and 4 
hour samples but not in the 1 hour time point. The peak 
area of the compound (15.01 and 15.27 peaks) increased 
by 4fold between the 2 and 4 hour time points and by 5 

fold between the 4 and 26 hour time points. A similar fold 
increase was seen for the S9 incubations. The dipeptide 
payload species were seen predominantly in the 4 hour 
and 26 hour samples and did not increase in peak area as 
rapidly as the released payload plus lysine. The rate of 
appearance of released payload species is a complex 
proposition due to the heterogeneous nature of the TE 
molecule with DAR species from 0 to 8 and different lysine 
residues involved in conjugation within each DAR species. 

 
  The correlation workspace of MetabolitePilot 2.0 software 
displaying results of the released payload species (payload+linker+lysine) 
from the incubation of TE with human liver lysosomes. In this workspace 
overlaid XICs from the LC chromatogram, MS and MS/MS spectra are 
overlaid. The most abundant species found was payload+linker+lysine, 
payload+linker plus dipeptide fragments containing lysine were also 
observed.

 

MSQC8 is a cysteine linked ADC that is not a therapeutic 
molecule but an ADC mimic. A reference MS/MS 
spectrum was not available for the dansyl fluorophore plus 
linker so peak finding was performed using predicted 
metabolites and generic peak finding. A total of 119 
potential metabolites and catabolites were found within the 
retention time window of 3 to 25 minutes and ±5.0 ppm. 
The linker in MSQC8 is also a noncleavable linker and 
the released payload species for this ADC mimic would be 
the dansyl fluorophore plus linker and cysteine. This 
molecule is found in both single and doubly charged forms 
at 14.92 minutes as a single peak. The interpretation 
workspace (Figure 6) was then used to assign peaks in 
the MS/MS, this was a critical step as no reference 
spectra of the payload and linker was available. The 
structural interpretation tool assigned structures to four of 
the ions in the MS/MS all within ±2.0 mDa and three of the 
four ions contained the dansyl ring. 

  List of released payload plus linker species from the 
incubation of TE with HLL and S9.

  

Parent 17.6   

Parent+YK 15.17 15.40 

Parent+K 15.01 15.27 

Parent+KV 15.1 15.4 

Parent+KS 15.0 15.3 

Parent+KA 14.8 15.1 

  

图5. MetabolitePilot™ 2.0 软件Correlation界面可以展示T-E在

HLL温孵体系产生的代谢物（药物加Linker加赖氨酸）在不同时

间点含量的变化。Correlation界面可以重叠看代谢物的XIC，

MS及MS/MS变化，包括丰度高的代谢物药物+Linker+赖氨酸及

药物+Linker+含赖氨酸的二肽碎片。

图6. MetabolitePilot™ 2.0 软件结构解析界面，展示MSQC8人肝溶

酶体温孵代谢物药物+linker+半胱氨酸结构解析结果，3个碎片m/z 

449.2599, m/z 432.2329 及m/z 336.1750均含有丹酰氯基团。
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  The interpretation results workspace of MetabolitePilotTM 2.0 
software displaying results of the released payload species 
(payload+linker+cysteine) from the incubation of MSQC8 with human 
liver lysosomes. There are 3 product ions with proposed structures 
assigned to the payload species that include the dansyl fluorophore: 
449.2599, 432.2329 and 336.1750.

Among the list of potential catabolites/metabolites a 
putative demethylated metabolite of the 
payload+linker+cysteine was identified in the TOF MS at 
13.05 minutes. Again the interpretation workspace was 
used to assign ions in the MS/MS to the metabolite 
structure for confident ID. Three ions in the MS/MS 
spectra were found with a mass difference of 14 Da when 
compared with the ions assigned in the released payload 
species. Based on the assigned fragment structures from 
MetabolitePilotTM 2.0 software and their mass accuracies; 
the site of demethylation was assigned to the 
dimethylamino group of the naphthalene ring of the 
payload (Figure 6). 

The correlation workspace was used to visualize the 
appearance of both of these metabolites across all time 
points and sample sets. The payload+linker+cysteine was 
found in both HLL and S9 fraction and at all time points 
and increased over time. The demethylated 
payload+linker+cysteine were observed in only the 4 and 
26 hour time points in both the HLL and S9 incubations.

 






















 


 
 Structural assignment of the demethylated MSQC8 released 
payload species.



The SCIEX Advanced Biotrans solution with the 
TripleTOF™ 6600 system and new MetabolitePilot 2.0 
software effectively addresses the complex task of 
performing metabolite and catabolite ID on ADCs from 
comprehensive peak detection with SWATH® acquisition 
to metabolite finding. MetabolitePilot 2.0 software features 
a dedicated ADC processing workflow that performs 
targeted searching for all components of the ADC: 
payload, linker and antibody plus cleavage metabolites 
and biotransformations. This comprehensive knowledge 
base combined with untargeted searching for drug related 
metabolites and peak finding strategies utilizing MS and 
MS/MS information ensures success for scientists 
studying ADC metabolism. 



Thanks to Chris Bohl of Xenotech for helpful discussions. 

  List of ions with m/z shifts of 14 Da found in the MS and 
MS/MS spectra of MSQC8 after incubation with HLL and S9.

 






TOF MS 789.3662 775.3502 

TOF MS/MS 1 449.2599 435.2390 

TOF MS/MS 2 432.2329 418.2311 

TOF MS/MS 3 336.1750 322.1596 
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图7. MSQC8去甲基代谢物。

 

p 5 
 

 
  The interpretation results workspace of MetabolitePilotTM 2.0 
software displaying results of the released payload species 
(payload+linker+cysteine) from the incubation of MSQC8 with human 
liver lysosomes. There are 3 product ions with proposed structures 
assigned to the payload species that include the dansyl fluorophore: 
449.2599, 432.2329 and 336.1750.

Among the list of potential catabolites/metabolites a 
putative demethylated metabolite of the 
payload+linker+cysteine was identified in the TOF MS at 
13.05 minutes. Again the interpretation workspace was 
used to assign ions in the MS/MS to the metabolite 
structure for confident ID. Three ions in the MS/MS 
spectra were found with a mass difference of 14 Da when 
compared with the ions assigned in the released payload 
species. Based on the assigned fragment structures from 
MetabolitePilotTM 2.0 software and their mass accuracies; 
the site of demethylation was assigned to the 
dimethylamino group of the naphthalene ring of the 
payload (Figure 6). 

The correlation workspace was used to visualize the 
appearance of both of these metabolites across all time 
points and sample sets. The payload+linker+cysteine was 
found in both HLL and S9 fraction and at all time points 
and increased over time. The demethylated 
payload+linker+cysteine were observed in only the 4 and 
26 hour time points in both the HLL and S9 incubations.

 






















 


 
 Structural assignment of the demethylated MSQC8 released 
payload species.



The SCIEX Advanced Biotrans solution with the 
TripleTOF™ 6600 system and new MetabolitePilot 2.0 
software effectively addresses the complex task of 
performing metabolite and catabolite ID on ADCs from 
comprehensive peak detection with SWATH® acquisition 
to metabolite finding. MetabolitePilot 2.0 software features 
a dedicated ADC processing workflow that performs 
targeted searching for all components of the ADC: 
payload, linker and antibody plus cleavage metabolites 
and biotransformations. This comprehensive knowledge 
base combined with untargeted searching for drug related 
metabolites and peak finding strategies utilizing MS and 
MS/MS information ensures success for scientists 
studying ADC metabolism. 



Thanks to Chris Bohl of Xenotech for helpful discussions. 

  List of ions with m/z shifts of 14 Da found in the MS and 
MS/MS spectra of MSQC8 after incubation with HLL and S9.

 






TOF MS 789.3662 775.3502 

TOF MS/MS 1 449.2599 435.2390 

TOF MS/MS 2 432.2329 418.2311 

TOF MS/MS 3 336.1750 322.1596 

  

 AB Sciex is doing business as SCIEX. 

© 2017 AB Sciex. For Research Use Only. Not for use in diagnostic procedures.The trademarks mentioned herein are the property of AB Sciex Pte. Ltd. or their respective owners.  
AB SCIEX™ is being used under license.  
Document number: RUOMKT025472A 



  

在S9温孵体系中观察到同样的结果。二肽序列代谢物代谢

物从4h到26h，并未变化这么明显。究其原因是由于T-E中药物

的释放是一个复杂的过程，涉及DAR从0-8的变化，同时不同

的DAR值均会结合赖氨酸残基。

MSQC8是半胱氨酸链接的ADC，但它不是治疗分子，

而是一个模拟ADC。由于没有可用的丹酰氯+Linker的MS/MS

二级谱图，所以代谢物查找策略采用预测代谢物与未知峰查

找。在3min到25min共找到119个潜在代谢物，质量偏差±5.0 

ppm。MSQC8也是Non-cleavable Linker，释放的结构是丹酰氯

+Linker+半胱氨酸，可以同时带单电荷与双电荷，保留时间在

14.92min，单峰。在结构解析界面（图6）可以将预测结构与

实测二级谱图关联，解析MS/MS对应碎片的结构，这对没有对

照谱图的化合物鉴定非常关键。四个主要的MS/MS匹配到合理

的碎片，偏差< ±2.0 mDa，其中三个碎片含有丹酰氯环。

在一系列潜在代谢物列表中，发现药物+linker+半胱氨酸

去甲基代谢物，通过TOF MS鉴定保留时间在13.05min。在结

构解析界面将TOF MS/MS与该代谢物结构关联，进行结构解析

与匹配，通过比对发现，3个主要碎片离子均与药物+linker+半

胱氨酸对应质荷比差14 Da，通过解析发现为萘环相连的二甲

氨基脱甲基代谢物(图７)。
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在Correlation界面观察这两个代谢物的在所有时间点与样

本中的变化。药物+linker+半胱氨酸在HLL及S9温孵体系中各个

时间点均有，同时随着时间的增加含量逐渐升高。去甲基药物

+linker+半胱氨酸代谢物，仅在HLL及S9温孵体系4h，26h时间

点测定到。

结论

SCIEX TripleTOF® 6600 系统结合MetabolitePilot™ 2.0 软

件是ADC代谢物分析的专业解决方案，可以结合SWATH®数据

采集方法，综合多种峰发现策略，快速准确地发现并鉴定代谢

物。MetabolitePilot™ 2.0软件具有ADC代谢物分析的专门工作

流程，可同时对ADC结合的药物，Linker和抗体进行代谢物分

析。MetabolitePilot™ 2.0软件多种功能峰提取策略可以利用一

级质谱（MS）及二级质谱（MS2）同时进行目标及非目标相关

药物代谢物分析，确保科研工作者全面分析ADC代谢物。
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