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Introduction 

Capillary electrophoresis (CE) methods have been essential to the analytical control 

strategy of monoclonal antibodies and most biopharmaceuticals, in general.  However, 

considering that the first commercial capillary electrophoresis instruments became 

available circa 1990, the routine use of CE methods as an essential part of the analytical 

control strategies was slow to come to fruition1.  Two points are important to note about 

the gap in time between when CE instruments became commercially available and when 

CE methods became an essential part of analytical control strategies. The first is that a 

community of separation scientist dedicated to CE toiled for years to refine instruments, 

methods, practices, and reagents to bring them to their current state allowing for routine 

use.  The second point is that with the more recent implementation of CE methods there 

is a whole new generation of separation scientists that need to become expert in 

troubleshooting these methods. And it is those two points that fuel the CE Pharm 

committee’s goal of connecting experienced CE professionals who hold much of the CE 

‘tribal knowledge’ together with the next generation of CE scientists. The goal of uniting 

these two groups is to enable the effective implementation and use of CE methods. 

 

At CE Pharm we strive to bring together a community of academic CE experts, 

instrument vendors and regulatory authorities with CE users from industry, both novice 

and advanced, to talk through evolving CE issues in real time.  This is accomplished 

through podium presentations, poster presentations, vendor sessions, and round table 

discussions.  While these forums are effective and are used to share valuable 

experiences and the bigger picture stories, it is the troubleshooting workshop that the 

committee receives the most feedback to continue and expand.  Perhaps the one factor 

that leads to the success of this session is the engagement of attendees who submit 

troubleshooting examples prior to the conference that can be discussed in the workshop.   

 

                                                           
1 This is not unique to CE. It took for instance about 25 years for HPLC to establish itself properly in the 
pharmaceutical industry. 



 

 

 

Attendees anonymously submitted troubleshooting issues prior to the conference. The CE 

Pharm committee sorted these submissions and guided the one-hour workshop. 

 

Topic I: CZE 

The two most common modes that CE Pharm attendees inquire about are size-based capillary 

gel electrophoresis (or CE-SDS) and charge-based isoelectric focusing (cIEF or icIEF) CE 

methods.  These methods are largely ‘kit-based’ platform applications supported by various CE 

vendors.  These two applications have been largely covered on previous workshops2 though 

each year the discussion continues.   Capillary zone electrophoresis (CZE) is the most 

fundamental mode, and perhaps the most underrated mode of CE, used in various applications 

throughout the industry. Since past years were focused on CE-SDS and cIEF applications, we 

intended to promote CZE the front and center of the 2017 workshop.  In CZE, the capillary is 

filled with a continuous background electrolyte (usually a buffer) and separation of analytes is 

based on electrophoretic mobility differences under an applied electric field. The mobility for a 

given analyte is directly proportional to the charge/size ratio; thus separation in CZE is driven by 

the difference in mobility or speed between two analytes. But for most proteins, their high 

molecular weights and small changes on size effectively enables separation based on charge-

differences. This mode has proven to be a rapid method for the resolution of charge 

heterogeneity of proteins and has gained in popularity3   One topic presented at the 2017 CE 

Pharm troubleshooting workshop was in regard to the frequently used CZE background 

electrolyte: 

400 mM eACA, adjusted to pH 5.7 with acetic acid, 2 mM TETA and 0.05% HPMC 

(eACA: -amino caproic acid; TETA: triethylenetetramine; HPMC: hydroxypropylmethylcellulose) 

HPMC and HPMC quality 

                                                           
2 See http://www.casss.org/page/CEPharmTroubleshoot 
3 Chromatographia 53 Supplement (2001) and the chapters and references there in; Yan He et al., J Sep Sci 34 
(2011) 548, also called the “Pfizer method”; J Chromatogr. B 983-984 (2015) 101, inter-company study. 



Attendees reported that a supplier change of HPMC (sold by Sigma) resulted in poor method 

performance and loss of mAb peak resolution. As the CZE method is used for identity testing, 

the HPMC issues have a major impact to the release of drug product. The HPMC material from 

alternate vendor (Alpha Aeser) has addressed that issue and provided expected CZE profile. 

The question was raised how critical HPMC is for the method and how to distinguish between 

different batches and suppliers. The example of the problems with the change of supplier of 

HPMC sold by Sigma illustrates that the HPMC quality is critical. In general, it is good practice 

not to use the last bit of a batch of a chemical until comparison with the new lot has been made 

and approved. Can we request for the vendor to test? Certainly always ask for the vendor’s 

Certificate of Analysis for the new batch, but do realize that the vendor’s analytical procedure 

might not test for an attribute that is critical for your CE method. Retain a sufficient amount of a 

good batch, so that when problems arise, you can distinguish between instrumental problems 

and reagent issues. Quality control of ingredients does not seem to be current practice within 

biopharma, although in small-molecule pharma this certainly is. Is this issue unique for certain 

mAbs or is it a general problem? This issue might be unique for the use of HPMC for the CZE of 

mAbs, but change in reagents and batch-to-batch variability is a very common problem and 

needs to be addressed during method development and robustness testing. Then still one 

needs to do acceptance testing for critical reagents. Generally speaking, polymers always vary 

from batch to batch, as the polymerization process is not easy to control during manufacturing, 

and purification procedures are not very specific or in scope for the type of product and its 

general use. CE application is very minor market for these types of products. 

Additional remarks on HPMC: Yan He reduced the HMPC from 0.1% (Stacey Ma’s method3) to 

0.05% to reduce the sieving effect that is seen when too much HPMC is used. The appropriate 

amount of HPMC might be dependent on the hydrophobicity and adsorption to the capillary wall 

of a certain mAb. In literature, there is a report that HPMC can be replaced with HPC 

(hydroxypropyl cellulose) for more basic mAbs4 

Quality of eACA  

In addition attendees have observed issues with the eACA quality. Baseline stability issues 

(drift) and loss of peak resolution were observed with bad lot of eACA compared to an 

established good lot of eACA used in the CZE assay. It was suggested that the issue might be 

connected to the purity of eACA. Ultra-pure eACA should be better. Some of the attendees 

offered general suggestions to resolve this issue including thorough capillary conditioning with 

BSA and storing the capillary in acidic conditions (with HCl or phosphoric acid) between runs 

while avoiding strong bases such as NaOH for conditioning. Although any strong acid rinse 

might serve to remove adsorbed material, HCl leaches out metal ions from silica5, so a rinse 

with HCl instead of H3PO4 might have different effects on the wall and hence mobilities. 

Adjusting the molarity (due to high concentration of eACA used in the running buffer) and/or pH 

of BGE may also be helpful as this issue could be mAb molecule specific. Other factors that 

could help with baseline drift are the use of single wavelength UV detector instead of PDA due 

                                                           
4 Moritz et al., Electrophoresis 38 (2017) 3136 
5 Gomez et al., Electrophoresis 29 (2008) 381 



to its higher emission energy and/or decreasing capillary column temperature to minimize the 

effect of Joule heating. A company who uses only the single-wavelength detectors for their 

method observed no baseline issues. One attendee commented that they took out the TETA 

and the baseline was then normal. 

 

Topic II:  CE-SDS 

Since CE-SDS is so commonly used, we of course had issues to discuss.  

 

Attendees reported that: 

Increasing migration time for the main IgG peak accompanied with an approximately 2 μA lower 

current was observed intermittently in NR CE-SDS runs. In addition, a post- Main peak shoulder 

was observed. In response to this question, it was pointed out that is not atypical to see delay in 

migration time for long sequence runs (over 24 hours period) and the presence of shoulder 

could be due to inadequate denaturation step.  

Some other potential solutions to this issue were discussed as well. They included:  

1. Replacement of the electrodes could help with improving consistency of migration time.  

2. Use of LC grade water instead of MS spec grade water helped to minimize presence of the 

shoulder.  

3. Verification of stability of power supply, either internal for instrument or external for the lab 

could help with migration time control as well. 

4. Evaporation of water from gel solutions (i.e. gel becoming more concentrated as the 

sequence progresses). 

A brief discussion about the purpose of 10 kDa Internal Standard (IS) used in the CE-SDS 

assay ensued. The utility of the IS marker to calculate relative migration times was contrasted 

with the potential that it could obscure small product fragment peaks.  Several attendees 

mentioned a bad lot of material resulted splitting of IS peak. Companies should establish the 

intended purpose of their CE-SDS method and determine if such IS marker is needed. For 

example, does a purity method require calibration of size variants or the use of relative 

migration times for system suitability requirements if the method is designed to compare to test 

samples to a well-characterized reference standard? 

Concluding Remarks 

The long-term use among a large community has built a knowledge base for 

troubleshooting, and the CE Pharm workshop is committed to ensuring this knowledge is 

shared with all users. It is the hope of all participants in the workshop that these 

discussions lead to improvements in user performance, analytical equipment, and 

application kits, with the ultimate goal being improved analytical sophistication in the quest 

to develop and produce safe and efficacious drugs. 
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