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Abstract

An international project team (including members from US, Canada and UK) has been formed
from a number of interested biopharmaceutical companies and regulatory authorities to con-
duct a cross-organisation collaboration exercise. The results from this exercise demonstrate the
robustness of CE-SDS across eight different organisations that used instruments of the same
equipment model, the same reagents, and the same methodology. Data generated from the
analysis of a series of molecular weight markers showed very good precision with regards to
relative migration time (RMT) both within and between organisations. The apparent molecular
weight of bovine serum albumin (BSA) was measured with good precision to within approxi-
mately 2% RSD across the participants. A representative IgG sample showed similar results with
regards to relative migration time of its 3 main components, IgG Light Chain, IgG Non-
glycosylated Heavy Chain, and IgG Heavy Chain. Fractional peak area for each peak also
showed good agreement, with less than 9% RSD for all peaks. This exercise will facilitate both
increased regulatory and industrial opinion of CE for biopharmaceutical analysis.
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Introduction

The development and commercialisation

of recombinant monoclonal antibodies

(rMabs) to treat unmet medical needs has

increased significantly in the biopharma-

ceutical industry. During production and

shelf life of therapeutic proteins, several

post-translational modifications can oc-

cur such as deamidation, oxidation, iso-

aspartate isomerization, and proteolytic

cleavages [1], which results in the pro-

duction of a range of product-related

substances. It is important to characterize

and monitor these substances to gain a

better understanding of any potential

impact upon the bioactivity and safety of

a biopharmaceutical product. Detailed

product characterization is also used to

support the suitability of the manufac-
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turing process controls employed. The

characterisation also assists in assessing

the effect that process changes may have

upon the identity, strength, quality and

purity of a drug; as these factors may

impact the safety and efficacy [2] of a

drug. The physicochemical properties of

these therapeutic proteins such as charge,

size and hydrophobicity require assess-

ment using analytical techniques. Sodium

dodecylsulfate-polyacrylamide gel elec-

trophoresis (SDS-PAGE) has tradition-

ally been used as the primary method for

size-based protein separations [3]. Detec-

tion of the separated proteins by SDS-

PAGE is generally accomplished by

staining with either Coomassie Brilliant

Blue [4] or the more sensitive silver stain

dyes [5]. The logarithm of the molecular

mass of a protein is linear with electro-

phoretic mobility. Therefore the molecu-

lar weight of a given protein can be

estimated from a series of protein stan-

dards. Besides acting as a tool to deter-

mine the apparent molecular weight of

proteins, SDS-PAGE is also used to

evaluate the size, heterogeneity, purity,

and manufacture consistency of

biologics. The major drawbacks of con-

ventional SDS-PAGE have been its

inconvenience and the irreproducibility

associated with the staining/destaining

steps used in analyte detection, the use of

toxic reagents and high intra- and inter-

gel effective mobility variability.

Capillary electrophoresis (CE) has

been embraced in protein characterisa-

tion activities as it has been shown to

offer many advantages over classical

SDS-PAGE. These advantages include

on-column direct UV or fluorescence

detection, automation, enhanced resolu-

tion and reproducibility, as well as

facilitating accurate quantitation of

proteins and determination of their

molecular weight [6–13]. Currently, lin-

ear or slightly branched polymers, such

as linear polyacrylamide, polyethylene

oxide (PEO), polyethylene glycol, dex-

tran, and pullulan are often used as the

sieving matrix for capillary sodium

dodecyl sulfate electrophoresis (CE-SDS)

[7, 14–17] When comparing with cross-

linked polyacrylamide gel matrix [18],

these polymers add great flexibility to

CE-SDS since they are water-soluble

and replaceable after each CE analysis.

Replacement results in enhanced overall

precision and robustness [19] compared

to fixed gels. There are, however, dis-

advantages in the use of CE such as

poor mass sensitivity with UV detection

and inability to simultaneously separate

multiple samples. Nevertheless, it can be

concluded that the attractions of high-

speed separation, efficiency and ease of

use of CE-SDS outweigh its limitations

[20, 21].

Recently, CE (including CE-SDS) has

been recognised and established [22] as an

important tool in the biopharmaceutical

industry to support the analytical char-

acterisation, process development, and

quality control of therapeutic rMAbs [2,

20–25]. For example Genentech currently

has twenty validated CE assays [26] with

every new Genentech molecule having

one or two CE assays. Of the electro-

phoretic methods in use, 100% of the QC

methods are CE-based, and 90% of

analytical characterisation methods are

CE-based.

Wehr [22] suggested that management

acceptance remained a major hurdle for
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Fig. 1. Representative electropherograms of the molecular weight standards
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the use of CE in biotechnology compa-

nies. As a result, additional studies may

be needed to specifically demonstrate that

CE-SDS has sufficient robustness and

reproducibility to meet routine QA stan-

dards. This need to demonstrate robust-

ness and reproducibility was identified

when CE was being applied to the anal-

ysis of small molecule drugs. A series of

inter-company collaboration exercises

were conducted between seven UK-based

pharmaceutical companies [27–29]. The

methods were used to quantify drug

content, counter-ion content and chiral

analysis. The results obtained correlated

well between companies for each study

and served to clearly demonstrate CE is a

robust methodology for small molecule

drug development and QC. A QC CE

method for serum and urine protein

determinations has been evaluated within

a formal QA program with 13 laborato-

ries successfully using CE [30].

A workshop at the ‘‘CE in the Bio-

technology & Pharmaceutical Industries’’

2004 symposium developed the concept

and membership for an inter-organisa-

tion collaboration program in the area of

biopharmaceutical analysis by CE. In the

following report, we report the perfor-

mance of a commercial IgG Purity/Het-

erogeneity CE-based method when used

by 8 independent biopharmaceutical

companies and a regulatory authority

[Note: data generated by other companies

with different instrumentation will be

published in another paper]. Two deter-

minations were made using this method.

The apparent molecular weight of a BSA

standard was calculated from migration

time data obtained from protein molec-

ular weight markers. The second assay

involved purity assessment of an anti-

body. In the study, we limited the sources

of variability (by utilising a single lot of

reagents and by generating all data on a

single run by each company). In this pa-

per, we have focused on data generated

on the Beckman Coulter PA800 (a sub-

sequent publication will compare data

generated on other instruments).

Experimental

All chemicals, reagents, and supplies used

in this exercise are commercially avail-

able. 2-mercaptoethanol and a single lot

of bovine serum albumin (BSA) were

purchased from Sigma Aldrich, (St Louis,

MO, USA). A single lot of the Proteom-

eLab IgG Purity/Heterogeneity Assay

Kit [SDS gel separation buffer, SDS

sample buffer (100 mM Tris–HCl, pH 9.0

with 1% SDS), SDS protein sizing stan-

dard (10–225 kD), a 10 kD protein

internal standard, an IgG suitability

standard, 0.1 N HCl, 0.1 N NaOH, and a

57 cm · 50 lm bare fused silica capillary]

was kindly provided by Mr. Jeff Chap-

man of Beckman Coulter, Inc., (Fuller-

ton, CA, USA).

All participants in this exercise used

the Beckman Coulter, Inc. PA800 CE

instrument equipped with a PDA detec-

tor and operated in reversed polarity

mode. Each group used a 30.2 cm capil-

lary with a detection window 20.2 cm

from the sample introduction inlet and a

100 · 200 lm capillary aperture. The

capillary was cut by each participant and

fitted into a capillary cartridge. The

instrument method used for the reduced

IgG was obtained from the Beckman

Coulter, Inc. IgG Purity/Heterogeneity

Assay Standard Operating Protocol. The

method parameters for conditioning a

new or used capillary were [Note: the

instrument setting is psi; psi can be con-

verted to Pa by multiplying by 6896.55]

Basic Rinse 0.1 N NaOH, 10 min

at 20 psi, forward

Acidic Rinse 0.1 N HCl, 10 min at

20 psi, forward

Water Rinse Deionized water, 2 m-

in at 20 psi, forward

Table 1. Average RMT (relative to the 10 kD marker) of the molecular weight markers for 8 different organisation. The RSD for each organisation is
shown as well. The Average RMT and RSD relative to the 50 kD marker is shown.

Relative Migration time (RMT)

10 kD 20 kD 35 kD 50 kD 100 kD 150 kD 225 kD

Company A Average 1 1.17 1.33 1.46 1.75 1.92 2.10
Company B Average 1 1.15 1.30 1.43 1.67 1.82 1.97
Company C Average 1 1.16 1.32 1.46 1.74 1.92 2.10
Company D Average 1 1.17 1.33 1.47 1.75 1.92 2.09
Company E Average 1 1.16 1.32 1.46 1.74 1.92 2.09
Company F Average 1 1.16 1.32 1.46 1.74 1.91 2.09
Company G Average 1 1.17 1.33 1.47 1.75 1.92 2.10
Company H Average 1 1.16 1.32 1.46 1.73 1.90 2.07
Average N/A 1.16 1.32 1.46 1.73 1.90 2.08
RSD N/A 0.47 0.71 0.95 1.45 1.76 2.04
Average (using 50 kD marker) 0.69 0.80 0.91 N/A 1.19 1.31 1.42
RSD (using 50 kD marker) 0.96 0.57 0.28 N/A 0.54 0.87 1.16

RMT RSD

20 kD 35 kD 50 kD 100 kD 150 kD 225 kD

Company A RSD 0.15 0.25 0.27 0.34 0.34 0.35
Company B RSD 0.12 0.17 0.19 0.25 0.26 0.28
Company C RSD 0.05 0.06 0.06 0.09 0.10 0.11
Company D RSD 0.88 0.88 0.88 0.87 0.90 0.93
Company E RSD 0.04 0.05 0.10 0.08 0.10 0.13
Company F RSD 0.02 0.04 0.03 0.03 0.04 0.04
Company G RSD 0.06 0.12 0.11 0.14 0.12 0.12
Company H RSD 0.06 0.07 0.07 0.08 0.09 0.12
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