
1、单抗分子大小变异体测定法（CE-SDS 法） 【通则 3127】

SCIEX 毛细管电泳在药典中的应用方案

使用 SCIEX CZE 快速电荷异构体分析试剂盒快速分离曲妥珠单抗电荷异

构体电泳图

分别使用 SCIEX 高 pH 样品缓冲液（pH 9.0 蓝色）和 SCIEX 低 pH 样品缓

冲液（pH 6.8 橙色）分离阿达木单抗

2、毛细管区带电泳（CZE）快速分析单抗电荷异质性

在 PA 800 Plus 上，只需不到 5 分钟的分离时间，几乎

无需任何方法开发，即可通过 CZE 快速电荷异构体分析试

剂盒（P/N C44790）分离原始状态分子的电荷异构体，并

且分辨率高于 icIEF 或离子交换色谱。

3、毛细管等电聚焦（cIEF）对单抗等电点及电荷异质性

分析

为获得最高分辨率，毛细管等电聚焦电泳 (cIEF) 能
够实现 0.03 pI 值的异构体之间的分离。极端酸性和碱性

变异体可实现高 pI 精度。

4、单抗 N 糖谱测定（毛细管电泳激光诱导荧光法 CE-LIF）

通过 N 糖苷酶 F（PNGase F）对单抗 N 糖进行酶切、

对酶切的 N 糖进行标记衍生，然后用毛细管电泳法对单

抗 N 糖谱进行测定。CE-LIF 法分析时间最短，具备良好

普适性，可作为平台分析方法应用于单抗N糖质控分析。

CE-LIF 法分析人血清 IgG N- 糖谱  ROU-MKT-02-7279-A

CE-SDS 方法已成为生物制药中蛋白纯度分析的金标

准，用于分析还原和非还原的变性蛋白。PA 800 Plus 药
物分析系统可对蛋白质进行自动定量检测。CE-SDS 方法

还可用于蛋白分子量的测定、融合蛋白、重组蛋白及血

液制品蛋白组分的定量测定。

SCIEX 低 pH SDS样品缓冲液（100 mM Tris-HCl，pH 6.8，
1% SDS）让您可以将 SCIEX 的金标准 CE-SDS 与低 pH 样

品缓冲液一起使用。使用此缓冲液可以减少由于方法导

致的样品片段化，进而提高非还原纯度。更少的可变性

和更低的 RSD 值来加快方法开发速度。

5、促红细胞生成素（EPO）电荷变异体的表征

变异体的种类和含量是 EPO 产品质量控制的重

要参数。SCIEX 提供两种方法表征 EPO 变异体。

1、 欧洲药典使用毛细管区带电泳（简称 EP-CZE）进

行 EPO 变异体的表征。毛细管区带电泳（CZE）
利用待测物质的电荷 / 体积的差异进行分离。

SCIEX 也提供优化快速的方法对 EPO 进行快速表

征。平衡时间更快，出峰时间更快。

2、 采用毛细管等电聚焦方法（cIEF）也可以对变异

体进行分离。cIEF 方法的分辨率优于欧洲药典

CZE 方法。 cIEF 方法可提供每个变异体的等电点

数据，对不同样品中变异体的指认准确度更高。

Low pH SDS Sample Buffer
Optimizing sample preparation conditions is imperative to achieving a robust, commercialized analytical method. 
Finding the optimal pH of a sample dilution buffer is key. 

SCIEX low pH SDS Sample Buffer (100 mM Tris-HCl, pH 6.8, 1% SDS) allows you to use SCIEX Gold Standard CE-SDS 
with a low pH sample buffer. Use of this buffer can increase non-reduced purity by decreasing method induced  
fragmentation. Less variability and lower RSDs means less troubleshooting and faster method development.

Low pH SDS Sample Buffer P/N C44807

• Low pH SDS Sample Buffer, 140 mL

Additional Required Item:

• SDS-MW Kit, P/N 390953

Additional Recommended Items:

• Pre-Assembled Cartridge, P/N A55625

• Universal Vials, P/N A62251

• Universal Caps, P/N A62250

Order now by contacting your local SCIEX sales representative or online at sciex.com. 

For Research Use Only. Not for use in Diagnostic Procedures. 

© 2019 DH Tech. Dev. Pte. Ltd. Trademarks and/or registered trademarks mentioned herein are 
the property of AB Sciex Pte. Ltd., or their respective owners, in the United States and/or certain 
other countries. AB SCIEX™ is being used under license.
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Increase Method  
Robustness with  
SCIEX Low pH SDS 
Sample Buffer

Adalimumab separated using SCIEX high pH sample buffer (pH 9.0 blue) and SCIEX low pH 
sample buffer (pH 6.8 orange).
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Figure 2. CE-LIF trace of IgG N-glycan structures from human serum.

Separation and Analysis
A PA 800 Plus Pharmaceutical Analysis System (SCIEX) 
equipped with a solid state laser-based fluorescent detector 
(λex=488 nm/λem=520 nm) was used for separation and 
detection.

Column: N-CHO coated, 50 cm effective length  
(60 cm total), 50 μm i.d. capillary column  
filled with N-CHO Carbohydrate Separation  
Gel Buffer

Separation 
Conditions: 500 V/cm, reversed polarity

Injection: 1 psi (6.89 kPa) for 5 sec

The 32 Karat software (SCIEX) was employed for data 
acquisition and processing. Relative peak areas were used to 
quantitatively compare the N-glycan profiles of the detected 
structures. A representative electropherogram of the results  
is shown in Figure 2.

Experimental
Sample Acquisition and Preparation

Serum samples were acquired from test subjects suffering from 
rheumatoid arthritis and Crohn’s disease before their treatment 
with infliximab, a chimeric monoclonal antibody that works 
against TNFα. Serum samples were acquired again two weeks 
after treatment. Subjects were then followed to determine,  
by traditional means, whether or not they responded to  
the treatment.

The workflow for analysis of serum IgG glycosylation is shown  
in Figure 1.

IgG was isolated from patient serum samples using Protein A 
affinity pull-down, followed by the release of N-glycans  
with peptide-N-glycanase F (PNGase F). The released  
glycans were fluorescently tagged with 8-aminopyrene- 
1,3,6-trisulfonate (APTS).  
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Trastuzumab charge heterogeneity profile separated utilizing the SCIEX CZE Rapid 
Charge Variant Analysis Kit.
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Trastuzumab charge heterogeneity profile separated utilizing the SCIEX CZE Rapid 
Charge Variant Analysis Kit.
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5 分钟轻松完成
电荷异质性
分析 

SCIEX CZE 快速电荷异构体分析试剂盒 
电荷异构体分析变得前所未有的便捷。在 PA 800 Plus 上，只需不到 5 分钟的分离时间，几乎无需任何方

法开发，即可通过 CZE（毛细管区带电泳）快速电荷异构体分析试剂盒分离原始状态分子的电荷异构体，并且

分辨率高于 icIEF 或离子交换色谱。 

SCIEX CZE 快速电荷异构体分析试剂盒提供了根据分子淌度分析其电荷异构体所需的全部试剂。这种方法

提供了一种通过缓冲液定量电荷异构体的快速、强大的分离方法，该缓冲液既用作分离基质，又可用作熔融

石英毛细管的动态涂层。此外，不需要额外的样品稀释缓冲液；只需用水稀释样品即可进行分离。 

CZE 快速电荷异构体分析试剂盒 P/N C44790： 

● CZE 快速电荷异构体分离缓冲液，125 mL

● 酸洗 / 再生溶液，100 mL

● CE 级水 (H2O)， 140 mL

● 蛋白质测试混合物，1 瓶

优选配件： 

● 预装卡盒 P/N A55625

● 通用瓶 P/N A62251

● 通用盖 P/N A62250

立即联系当地 SCIEX 专家或在 https://sciex.com.cn/about-us/contact-us
与您当地客户代表取得联系。

分钟 

 使用 SCIEX CZE 快速电荷异构分析试剂盒分离的曲妥珠单抗电荷异质图。

SCIEX临床诊断产品线仅用于体外诊断。仅凭处方销售。这些产品并非在所有国家地区都提供销售。获取有关具体可
用信息，请联系当地销售代表或查阅https://sciex.com.cn/diagnostics 。所有其他产品仅用于研究。不用于临床诊断。
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生长激素（GH）电泳图谱（4 号峰为 GH，1,2,3 为碱性异构体；5,6,7
为酸性异构体） ROU-MKT-02-7648-ZH-A

cIEF 分析 AAV 样品电泳图 RUO-MKT-02-11013-A

连续 8 次注射 AAV 样品电泳图，其中 VP1\VP2\VP3 分辨率高。 RUO-
MKT-02-9761-A

未经处理的 5kb 质粒产品中不同亚型的确认

6、生长激素（GH）电荷异质性表征

生长激素（GH）为 DNA 重组人生长激素，毛细管区

带电泳 (CZE) 的方法可以分离生长激素主峰和其酸碱异

构体，并能准确计算主峰比例以及酸碱异构体的比例。

7、人用基因治疗产品质粒 DNA 不同形式比例测定

“对生物制品相关杂质的检测包括对于质粒 DNA
控制不同质粒形式的比例”* 毛细管电泳激光诱导荧光

（CE-LIF）方法可以基线分离超螺旋、线性和开环的质粒

亚型。提供了一个快速、灵敏、可重复和自动化的质粒

DNA 亚型定量分析方法。 CE-LIF 相比于平板凝胶电泳的

优点包括：分析快，自动化程度高，设置简单，灵敏度

和重现性高，定量精确，自动样品装载，并减少废弃物

产生。

8、腺相关病毒 (AAV) 的完整、部分和空壳比分析

腺相关病毒 (AAV) 是基因治疗发展中最常用的载体之

一。药典要求在可能情况下应控制病毒载体的空壳粒数

和聚集体 *。这些杂质的存在可能会影响 AAV 载体产品

的有效性和安全性。

使用 cIEF 方法可以对 AAV 不同血清型的空壳和非空

壳进行分离和分析，可用于 AAV 识别。该方法快速、可

靠和可重复，样品分析时间小于 1 小时 / 样品。

9、腺相关病毒 (AAV) 衣壳蛋白纯度分析 (CE-SDS 法 )

病毒衣壳由 3 种主要蛋白组成，分别为 87kD（VP1）、

73kD（VP2）和 61kD（VP3）。利用商品化试剂盒 CE-
SDS 方法可以对 AAV 衣壳蛋白纯度进行灵敏分析。与单

克隆抗体 (mAbs) 相比，该方法对浓度相对较低、数量有

限的 AAV 样品具有较好的敏感性，对不同病毒蛋白的分

辨率也有很好的重复性。 

*2020 版中国药典《人用基因治疗制品总论》
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Simple, Fast and Robust Method for Plasmid Purity Testing 
and Degradation Monitoring  

Capillary Electrophoresis-Laser Induced 
Fluorescence Detection (CE-LIF) 

Jane Luo, Tingting Li, and Mukesh Malik  
SCIEX, Brea, California 

 

Introduction 

Plasmid DNA is often used as the gene delivery vehicle for 
vaccinations and gene-therapy products. It is also an important 
intermediate in making Adeno-associated viruses and 
lentiviruses. The Food and Drug Administration (FDA) guidelines 
recommend manufacturers include a specification of > 80% 
supercoiled plasmid content for bulk release (Ref 1). Capillary 
electrophoresis with laser-induced fluorescence detection (CE-
LIF) provides a rapid, sensitive, reproducible and automated 
method for the quantitative analysis of plasmid DNA isoforms. 
Advantages of CE-LIF over slab-gel electrophoresis include 
rapid analysis time, minimal sample handling, simpler set up and 
preparation time, greater sensitivity and reproducibility, more 
accurate quantitation, automated sample loading, and reduced 
waste generation. This technical note describes a CE-LIF 
method for plasmid analysis. In this method, the supercoiled, 
linearized and open circular plasmid isoforms for 5 kilobase and 
7 kilobase plasmids can be reproducibly separated with baseline 
resolution in less than 15 minutes. 

 

 

 

 

 

 

 

Figure 1. The PA 800 Plus Pharmaceutical Analysis System (A), 
the dsDNA 1000 Kit (B) and the LIFluor EnhanCE Stain (C). 

 

Key Features 

 

• Complete workflow solution for plasmid analysis including 

hardware, software and reagent kits 

• Baseline resolution of supercoiled, linear and open circular 

plasmid isoforms 

• Sample separation takes less than 12 minutes 

• Increased throughput for analysis via automated sample 

separation and data analysis 

• Robust, good repeatability quantitative assay with RSD of 

0.23% for migration time and 0.61% for % area 

• Capable of monitoring low-level plasmid degradants 

• Less waste generation than slab gel method  

• LIFluor EnhanCE stain in this method is safer than ethidium 

bromide used in slab gel method 

 

 

 

 

 

 

Figure 2. Confirmation of different isoforms in an untreated 5 kb 
plasmid preparation (A) using linearized (B) and nicked plasmids 
(C) as controls. The major peak in the untreated Plasmid 
Preparation (A) is the supercoiled isoform; the smaller peak is the 
open circular isoform. In the “Mixed” sample (D), the first peak is 
the linear isoform, the second peak is supercoiled isoform, and the 
third one is the open circular isoform.  
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product purification in the downstream process, as well as the 

quantitative determination of AAV full/empty is Ion exchange 
chromatography.10 However, this method requires a large number 
of samples and is serotype- dependent. Furthermore, it could not 
distinguish between partial, full, and empty AAV. Additionally, it 
lacks the necessary resolving power between full and empty AAV 
imparing the quantitation of these species, resulting in inaccurate 
full and empty ratio. Mass spectrometry based approaches such 
as charge detection mass spectrometry (CDMS) has been 
recently shown to be able to separate full, partial and empty 
capsids.11 However, this system is not commercially available. 
 
cIEF-Based Separation of AAV Full and Empty Capsids 
 
The developed cIEF approach aims to efficiently separate the 
analytes by their pI (isoelectric point) values. The principle of the 
method is simple. The full capsids have pI values lower than their 
empty counterparts due to negative charges from the ssDNA they 
encapsulate. Therefore, our cIEF approach separates the AAVs 
and their undesired product-related impurities by taking 
advantage of their different isoelectric points. 
Figure 3 shows the cIEF results of AAV samples of a proprietary 
serotype. Two samples of the same AAV product with different 
amounts of full and empty capsids were analyzed. Sample #1 was 
enriched with empty capsids, while sample #2 was enriched with 
full capsids. The cIEF profiles of the proprietary AAV samples 
mobilized between pI marker 7.0 and 10.0. The empty capsid 
peak is mobilized at a higher pI value while the full capsid peak 
at lower pI value. Meanwhile, some potential partial capsid peaks 
are mobilized between the peaks corresponding to the empty and 
full capsid. Notably, the cIEF profiles were consistent with the 
profiles obtained by analytical ultracentrifugation (data not 
shown). 

The calculated pI difference between the full and empty AAV 
serotype 8 is about 0.1 pH units imposing a separation challenge. 

The broad range ampholytes failed to provide sufficient baseline 
resolution compromising the quantitation of the full and empty 
capsids. However, baseline resolution was achieved by using a 
mixture of broad and narrow range ampholytes. The dark blue 
circles in Figure 4, highlighted the empty and full capsid peaks of 
the AAV8 samples. 

The single peak in front of the circle was identified as an impurity 
peak from one of the pI markers, since it was also observed in a 
blank injection with pI markers. Notably, higher intensity peaks 
corresponding to the empty capsid was observed in the empty 
capsid-enriched sample. In comparison, higher intensity of full 
capsid peaks were found in the full capsid-enriched sample as 
expected. Finally, we demonstrate in figure 4, that by expertly 

utilizing the narrow range ampholyte, it is possible to achieve 
excellent baseline resolution of the AAV full and empty capsids. 
This high-resolution cIEF method also may also give insights into 
the charge heterogeneity characteristics of AAVs. Indeed, 
multiple peaks were observed for the empty as well as full capsids 
of this set of AAV 8 samples, which could indicate the charge 
heterogeneity. Further experiments are needed to validate this 
claim. 

Distinct pI values for AAV identification 
It is worth noting that the pI values of the AAV capsid peaks can 
be quantitatively determined based on the calibration curve of 
internal pI markers. The pI value of the AAV8 samples was 
approximately 7.1(pI value data not shown in Figure 4), while the 
pI of the AAV samples with proprietary serotype was about 9.0 
(Table 1). These results demonstrate that this assay can 
potentially be used as an AAV vector identification method based 
on the profile and pI values. 
 
 
 

 
 Figure 3. cIEF Results of AAV Samples of a Proprietary Serotype. 

 
 Figure 4. cIEF Results of AAV Serotype 8 Samples.  

A is AAV8 Empty(E) and B is AAV8 Full (F). 
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Purity Analysis of Adeno-Associated Virus (AAV) Capsid 
Proteins using CE-SDS Method   
Tingting Li, Mukesh Malik, Handy Yowanto, Sahana Mollah 
SCIEX, Brea, CA 
 

Introduction 
Adeno-associated virus (AAV) is one of the most widely used 
gene delivery vehicles for gene therapy because of its non-
pathogenicity, low immunogenicity and different tropism to 
multiple cell types. It is made of a shell of protein called capsid 
encompassing a single-stranded DNA of about 4.8kb in size. The 
viral capsid is composed of 3 main proteins which are 87kD (VP1), 
73kD (VP2) and 61kD (VP3) in size, respectively. Purity analysis 
of the AAV viral proteins is important for quality assurance and 
safety of AAV products.  

Although SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel 
electrophoresis) has been used for AAV capsid protein analysis in 
the industry, CE-SDS(Capillary Electrophoresis - Sodium Dodecyl 
Sulfate) method on the SCIEX PA 800 Plus Pharmaceutical 
Analysis system provides automated separation of  proteins in the 
range of 10kD to 225kD with higher resolution, quantitation 
capability, better reproducibility and is less labor intensive than 
traditional SDS-PAGE.  

This technical note demonstrates the capability of the CE-SDS 
method for purity analysis of AAV viral proteins with straight 
forward and easy sample preparation, excellent resolving power, 
good repeatability and linearity of absorbance response to sample 
concentration. 

 

Key Features  
• Straightforward and easy sample preparation procedure 

• Excellent Resolution of VP1, VP2 and VP3 

• Excellent repeatability with RSD% of CPA%(Corrected Peak 
Area%) of viral proteins less than 0.7%  

• Good Linearity of absorbance response to sample 
concentration with R2 =0.9991 

  

 

 

 

Figure 1. The PA 800 Plus Pharmaceutical Analysis System 
(A), the SDS-MW Kit (B) and the EZ-CE Capillary 
Cartridge(C). 

 

 

Figure 2. Eight consecutive injections of an AAV8 sample with 
estimated titer at 8X1013GC/mL. 
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