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Abstract

Quality control (QC) is a vital step in the biotherapeutic workflow that covers both in-process and batch release  
product analyses. QC depends on analyst self-assurance and instrument reliability, both of which are pivotal for  
meeting regulatory requirements. Analytical systems applied in a QC environment should ensure the continuous 
quality of test results produced and reported, as biologics are highly sensitive to changes in the development and 
manufacturing processes.

The identity, stability and purity of biotherapeutic proteins are routinely evaluated using capillary electrophoresis (CE) 
technology in QC laboratories. When properly implemented, automated CE systems provide a powerful solution to the 
growing need for maximizing the efficiency of both staff and instruments while reducing cost and improving quality.  
As with any laboratory instrument, failure modes should be carefully and promptly examined due to their adverse impact 
on time, resources and capital associated with the QC workflow. Failed injection as a result of air bubbles, size marker 
misalignment or a low-resolution profile may occur when using CE-sodium dodecyl sulfate (CE-SDS) for biotherapeutic 
QC analysis. In this white paper, we review CE-SDS technology and associated failure rates in the context of QC testing 
and explore considerations for workflow and recovery implementation. 

CE Technology Overview

CE for the separation of molecules based on their differential migration by size or charge is a technique that began to 
take off in the 1980s1. During a CE-SDS run, SDS-coated proteins are introduced into one end of narrow-bore capillaries 
via pressure, vacuum or voltage, whereas the other end remains immersed in buffer. Once an electric field is established 
between the electrodes from a power source, the proteins migrate through a sieving matrix made of either linear or 
partially-branched polymers. Direct detection happens on-column, from which accompanying software displays the 
output in the form of an electropherogram for further analysis. Compared with traditional slab gel approaches, which 
are labor-intensive and semiquantitative at best, CE-SDS affords a multitude of advantages which have facilitated its 
evolution to a standard technology employed for the satisfaction of reproducible and quantitative QC criteria2,3. First, CE 
is exceptionally sensitive in its detection capabilities, requiring very small sample volumes. Second, the high-resolution 
capability translates to highly quantitative results. Third, separation time is shorter, in the order of minutes versus hours. 
Finally, CE can be automated, enabling quick and simple method development, reproducible results, assay flexibility and 
overall increased efficiency. Indeed, cross-laboratory studies have scrutinized the reliability and robustness of CE-SDS and 
attest to its application in this setting4,5. In 2010, guidance from the International Conference on Harmonization began to 
recommend CE as a suitable and acceptable method for protein analysis in regulated environments6. Since then, many 
biopharmaceutical companies have adopted CE-SDS and its associated compliant software for QC workflows, particularly 
for release testing where SDS-PAGE has traditionally been used.

However, the small sample size required for analysis by CE also mandates accurate and precise injection. Samples are 
mainly injected by pressure or applying voltage, and each method depends on the capillary diameter and length. 
Therefore, troubleshooting has focused on controlling differences in the time of a flow created by either mode of 
injection by adjusting assay parameters (e.g., sample, buffer, voltage) and the instrument’s injection settings7,8 .  
An injection failure, which can be simply caused by air bubbles, can block the capillary, break the current and result  
in system downtime leading to costs in both time and capital7. Injection failure rates are an often overlooked cost of QC. 
Thus, there is much to gain from having technology in place that is easy to use, robust and reliable.
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The Hidden Cost of Failure Rates

Documented and straightforward standard operating procedures (SOPs) are fundamental to the proper investigation  
and follow-up action for a system or process failure. Otherwise, the entire QC process is squandered. The obvious impact 
of a failure mode is acute, and on the QC workflow, but the chronic cost of failure rates from a business perspective is 
often less obvious to appreciate.

Not all failures are instrument-related, and each should be investigated to determine the specific cause. In Figure 1,  
we outline a representative workflow of actions taken when a system injection failure is identified. Note time and  
capital costs increase with the number of steps required to requalify your system. An instrument requiring less manual 
operation and fewer procedural steps can simplify your investigation into the cause of failure, saving your company  
both time and money.

If an instrument is down, the ramifications are often felt in both the QC in-process early phases of development and  
late-phase batch release testing. Especially costly to your business is an unforeseen disqualification that interrupts 
product release and goal fulfillment. Also, your other ongoing research projects and instrument(s) availability may be 
impacted as you decide whether to risk or protect their use, or even delay the maintenance of one over another more 
urgent matter. Therefore, it’s important to address just how often your workflow and available in-house resources can 
accommodate failures. In Table 1 we estimate the impact instrument failure rates have in terms of downtime over a  
one-year period.

Figure 1.	 The impact of an instrument injection failure on your workflow. Note that a sample retest action will depend on auto-sampler 
stability and your QC lab guidelines, as not all compounds are stable for 24 hours.  
SOP, standard operating procedures; SME, subject matter expert.
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In a given QC lab, a system failure rate of 25% could translate to a whopping 91 days of lost time and requalification 
procedures as stated in your SOP. The total loss is likely to be extended due to the time it takes to bring in vendor support, 
complete deviation documentation and then requalify the instrument, culminating in potentially delayed product 
release. As a result, you’ll likely need to incorporate additional strategies and backup instruments to support continuous 
quality of test results—expenses that add up quickly.

Are All CE-SDS Workflows Created Equal? 

Many companies differentiate themselves by offering various all-inclusive suite of CE technology solutions. However, in 
the context of sample injection, the available CE platforms are largely divided by either hydrodynamic or electrokinetic 
injection principles, with some offering both in addition to vacuum. The electrokinetic mode is more feasible and, thus, 
far more common in the application of CE-SDS for protein separation, specifically due to the viscous nature of the sieving 
gel matrix within the capillary.

The workflow for system setup and sample injection, though, varies greatly among the automated technologies available; 
some require numerous manual steps that introduce opportunities for human error and, thus, increase injection failure 
rates. The workflow presented in Figure 2 is representative of a conventional CE-SDS system, which  
is complex and error prone. Simply put, as the number of steps increases, so does the probability of introducing  
errors and subsequent troubleshooting of slowdowns, failures and other problems. Moreover, these multistep, 
complicated protocols need to be meticulously performed and maintained to avoid contamination, corrosion and/or 
leaks within the system.

Preferably, for biotherapeutic in-process and batch release QC testing, where instrument reliability and precision are 
paramount, the system you chose should enhance ease-of-use and reduce operator-dependent variability.

Figure 2.	 Typical system setup and analytical operation workflow for various automated CE-SDS technologies.

“CEing Your Sample” With Maurice

Maurice™ performs size-based CE-SDS on up to 48 samples per batch, guaranteeing 100 injections per cartridge.  
The pre-qualified, ready-to-use cartridge design spares researchers the laborious capillary assembly, maintenance  
and optimization required with other CE-based methods. There’s no manual setup or upkeep required, and 
contamination concerns are removed by cartridge design. If you get a failure, you often just need to replace the  
cartridge rather than disassemble the instrument for cleaning and maintenance. Maurice is a fully-automated system 
with an easy-to-follow workflow for CE-SDS analysis: just pop in one of the ready-to-go cartridges, drop in your sample 
vials or a 96-well plate and hit Start (Figure 3). This simplified workflow certainly reduces the chance of analyst error. 

TABLE 1. The time lost in days as a function of the failure rate over a one-year period. The number of downtime days was calculated by multiplying 365 (days per year) by the percent  
failure rate

Failure Rate 1% 5% 10% 15% 20% 25%

Downtime (days) 3.65 18.25 36.5 54.75 73 91.25
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Figure 3.	 CE-SDS Workflow using Maurice. It takes less than 10 minutes to start a run once your samples and reagents are prepared.
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Advantages of Maurice Over Other CE-SDS 
Platforms for QC laboratory 

ü	Simplified Workflow

		  •  Reduced system maintenance 

		  •  Preassembled ready-to-use cartridge
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Samples are electrokinetically injected into the cartridge capillary based on their defined location in the batch and 
subsequently electrophoresed within. The peaks are directly detected via UV absorbance at 220 nm and plotted on an 
electropherogram.

Maurice provides highly reproducible peak profiles (coefficient of variance, ≤2%) and relative migration times for each  
peak within a wide molecular weight range (10–270 kDa). Reduced IgG samples can be analyzed with superior baseline  
peak resolution (≥1.5) for non-glycosylated heavy chain-to-heavy chain composition. Moreover, you can preprogram batch 
and method parameters, monitor your run in real-time and analyze data using Compass for iCE software that is compliant 
with the Food and Drug Administration’s Title 21 Code of Federal Regulations Part 11 (21 CFR 11). Compass software has 
many tools to ensure data authenticity and integrity, including but not limited to restricted access, secure computer-
generated time-stamped audit trails, e-signatures and compliant exporting or importing into third-party software like 
Chromeleon and Empower. These features together with rapid analysis and platform methods make Maurice a valuable 
system for biopharmaceutical QC testing.

Summary

CE-SDS is a rational step forward beyond the traditionally used SDS-PAGE methods in biopharmaceutical QC labs. Its  
cross-examination by multiple laboratories and acceptance as a suitable analytical technique by regulatory agencies  
verifies its use in this setting.

Several automated CE-SDS systems are commercially available. However, the conventionally used systems are error-prone 
due to their complicated designs and laborious workflows. The true cost of instrument injection failures in a QC laboratory 
is sometimes overlooked but can be minimized with a system that reduces the number of operational steps required, is 
mechanically simple and straightforward to troubleshoot. Delays inherent in system retesting, instrument out of service and/
or external technical support required add up in downtime, which can impair ongoing research, delay product release and 
disrupt other business operations. All in all, it’s critical to appreciate and understand the hidden costs associated with a failed 
QC test before you decide on the CE-SDS system to adopt in your laboratory.



white paper

5

Understanding and Overcoming the Impact  
of CE-SDS Failure in QC Testing

white paper

Toll-free: (888) 607-9692
Tel: (408) 510-5500
info@proteinsimple.com
proteinsimple.com PL7-0015, Rev A

©	 2018 ProteinSimple. The ProteinSimple 
logo, iCE and Maurice are trademarks and/
or registered trademarks of ProteinSimple.

References

1.	 Zone electrophoresis in open-tubular glass capillaries, JW Jorgenson and KD Lukas, Analytical Chemistry, 1981; 53:1298-1302.

2.	 Recent advances in the analysis of therapeutic proteins by capillary and microchip electrophoresis, JS Creamer, NJ Oborny and 
AM Lunte, Analytical Methods, 2014; 6:5427-49.

3.	 Charge heterogeneity of monoclonal antibodies by multiplexed imaged capillary isoelectric focusing immunoassay with 
chemiluminescence detection, DA Michels, AW Tu, W McElroy, D Voehringer and O Salas-Solano, Analytical Chemistry, 2012; 
83:5380-6.

4.	 Optimization and validation of a quantitative capillary electrophoresis sodium dodecyl sulfate method for quality control and 
stability monitoring of monoclonal antibodies, O Salas-Solano, B Tomlinson, S Du, M Parker, A Strahan and S Ma, Analytical 
Chemistry, 2006; 78:6583-94.

5.	 A series of collaborations between various pharmaceutical companies and regulatory authorities concerning the analysis of 
biomolecules using capillary electrophoresis, B Nunnally, S Park, K Patel, M Hong, X Zhang, S Wang, B Rener, A Reed-Bogan, O 
Salas-Solano, W Lau, M Girard, H Carnegie, V Garcia-Cañas, K Cheng, M Zeng, M Ruesch, R Frazier, C Jochheim, K Natarajan, K 
Jessop, M Saeed, F Moffatt, S Madren, S Thiam and K Altria, Chromatographia, 2006; 64:359-368.

6.	 Guidance for Industry: Q4B Evaluation and Recommendation of Pharmacopoeial Texts for Use in the ICH Regions, Annex 11 
Capillary Electrophoresis General Chapter, U. S. Department of Health and Human Services Food and Drug Administration Center 
for Drug Evaluation and Research (CDER) Center for Biologics Evaluation and Research (CBER), ICH, September 2010.

7.	 Capillary Electrophoresis Methods for Pharmaceutical Analysis in Separation Science and Technology, editors A Ahuja and M 
Jimidar, Volume 9, Academic Press, 2008.

8.	 Sample injection for capillary electrophoresis on a micro fabricated device/on chip CE injection, BW Wenclawiak and RJ Püschl, 
Analytical Letters, 2006; 39:3-16.

https://pubs.acs.org/doi/abs/10.1021/ac00231a037
http://pubs.rsc.org/en/content/articlelanding/2014/ay/c4ay00447g#!divAbstract
https://www.ncbi.nlm.nih.gov/pubmed/22663182
https://www.ncbi.nlm.nih.gov/pubmed/22663182
https://pubs.acs.org/doi/abs/10.1021/ac060828p
https://pubs.acs.org/doi/abs/10.1021/ac060828p
https://sciex.com/Documents/tech%20notes/Intercompany%20Collaberation.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM194492.pdf
https://www.elsevier.com/books/capillary-electrophoresis-methods-for-pharmaceutical-analysis/ahuja/978-0-12-372573-8
https://www.tandfonline.com/doi/abs/10.1080/00032710500460932

