
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：

Curtain gas: 35

Ion source gas 1 (psi): 50

Ion source gas 2 (psi): 50

Temperature (℃): 400
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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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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。

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。 
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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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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。

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。

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）。

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。

p 2

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).  

                                                                         

Trastzumab
G0F – 1; G1F – 1; Protein Terminal Lys-loss – 2
148220.08

Trastzumab
G0F-HexNAc - 1; G1FS1 – 1; Glu -> Pyro-Glu - 2
148382.14

Trastzumab
G1F – 1; G2F – 1 Protein Terminal Lys-loss - 2
148542.55

Trastzumab
G0F – 2; Protein Terminal Lys-loss -2
148059.93

                                                                                                               

Trastzumab
G0F – 1; G1F – 1; Protein Terminal Lys-loss – 2
148220.08

Trastzumab
G0-HexNAc – 1;G1FS1 – 1;Glu->pyro-Glu - 2
148382.14

Trastzumab
G1F – 1;G2F – 1; Protein Terminal Lys-loss - 2
148542.55

Trastzumab
G0F – 2;Protein Terminal Lys-loss - 2
148059.93

Trastzumab
G1F-GlcNAc – 1;M5 – 1;Protein Terminal 
Lys-loss - 1
147912.69



p 3 

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。

图7. Man5与G1F丰度比对，批次1（1:Trastuzumab–3:Trastuzumab），批

次2（4:Trastuzumab–6:Trastuzumab）。

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。
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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.
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