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AbStract: The icE280 Analyzer, a Capillary Isoelectric Focusing (CIEF) system from
Convergent Bioscience, is a relatively new tool for the charge based (pl based) separations of
proteins, peptides, and/or other contaminants. The technology can also be used for the
determination of isoelectric point (pl), and/or area% of the peaks. The cIEF method has been
developed for the analysis of a 70kDa recombinant protein and is also routinely used for the
analysis of GSK monoclonal antibody products. Each protein has its own unique isoelectric
point where the net charge is zero. The application of voltage to a sample mixed with
ampholytes & additives leads to the formation of a pH gradient and causes migration of each
charged species to their corresponding pl. Unlike conventional method where it is necessary to
mobilize the focused protein bands for detection, the iCE280 module utilizes a whole column
imaging capture of the entire separation, being equipped with UV deuterium lamp, a Camera &
a CCD sensor.

With this advantage the system is being utilized to enable fast and reliable Analytical Methods
development for the separation of charged species. Among the samples/investigations
performed with this instrument were: a.) decrease in binding activity of certain mAb products
in the Biacore assay which correlated with the presence of increased deamidation products
and high pl variant, b.) support of cell line selection, c.) ion of several

antibodies, including forced deamidation & variant/s separated by ion exchange
chromatography. d.) support of the downstream process development, e.) identification and
characterization of the N-term.extention variant of the 70kDa protein and f.) release and
stability testing of the final product.

Introduction

Imaged iCE280 Analyzer is a relatively new analytical technique for the determination of
isoelectric point (pl) and quantitative analysis of proteins, peptides, their variants and/or
contaminants. The imaged Capillary Electrophoresis System (iCE280) utilizes a whole-column
UV Imaging detection system with a deuterium lamp as light source (Fig.1).The schematic of
the whole column imaging and capture by a digital camera are depicted in Fig.2. Data
acquisition & control are performed by the iCE280 instrument. Data processing performed
using Empower or EZChrom 6.8 software.
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Materials & Methods

Capillary Isoelectric Focusing method (clEF): Acquisition and analysis were performed on an
iCE280 Convergent Bioscience system equipped with CFR Software Version 2.3, clEF
cartridge-FC coating (convergent # 101701), an Alcott 719L autosampler, and a Maximizer Lab
Alliance pump for continuous delivery of methycellulose solution. Calibration of plI markers
were performed by the iCE software followed by conversion and processing of data by
Empower or EzChrom version 6.8. Reagents used for sample preparation were 10MUREA
solution, dithiothreitol (DTT), HPLC grade water, 5-8 Pharmalyte from Sigma, and synthetic pl
markers especial order from Sigma. Other reagents include 1% methycelulose from
Convergent, 90mM Phosphoric acid & 100mM Sodium hydroxide solutions in water.

Preparation of monoclonal antibodies,
non-reduced conditions:

Samples were prepared for clEF analysis on the iCE280 Convergent system by the addition of
190uL of water, 250uL of 1% methylcellulose, 20uL of a 10mg/mL sample, 20uL of ampholyte
mix, 3-10/8-10.5 (1:1, vol:vol) & 2uL of pl markers, 7.05/9.5 (1:1, vol:vol).

Preparation of a 70kDa protein under reduced
& denatured conditions:

A sample dilution buffer is prepared by mixing 2mLs of 10M Urea solution, 15mg solid

Dithiothreitol (DTT), 120pL of 5-8 ampholyte, and 10pL of synthetic markers pl 5.30/6.60/7.00.

The solution is mixed well and filtered using a millipore filter.

Reference STD & Sample preparation.

The 70kDa protein is first diluted to approximate concentration of 4mg/mL with HPLC grade
water. Forty microliters of the above solution is further diluted with 480pL of the freshly
prepared sample buffer. The sample is mixed and spun briefly for 1min.

Preparation of 10M Urea solution:

Weigh 30.0g +/- 0.3g Urea using an analytical balance.

Transfer urea to a 50mL polypropylene tube.

Add 25mLs of Milli-Q water and mix and sonicate until dissolved.

Do not adjust the final volume (the actual concentration may be slightly above 10M)

1. Comparative clEF analysis of 3 monoclonal antibodies showed very reproducible
results as to Area & Area% main peak, total Areas & isoelectric point (pl) of each
molecule.

Comparative clEF analysis of 3 monocional aniibodies
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2. Investigation of a 13% decrease in binding observed by Biacore assay
Result: By clEF, a 12-13% decrease in Area% of the Main Peak (~52% to 40%)
from day 13 to day 19 was observed with concomitant increase in low & high
pl minor peaks.
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3. clEF assays to support Cell Line Selection

Investigated the presence of an early peak pl 8.2, in some cell lines, not observed in
the reference STD. Decreased binding was also observed using the IGEN assay.
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4. clEF Analysis of Forced Deamidation of a monoclonal Antibody sample (pH 5.5, pH
7.0, pH 8.0 & pH 9.0 at 37°C)
Shown below: Deamidation at pH 5.5 & pH 9.0

Deamidaton at pH 5.5 Deamidation at pH 8.0

Results: No significant changes in protein separation patterns up to day 7 at pH 5.5
incubation. The molecule showed almost complete degradation at pH 9.0.

5. Compare charge variant separation profile of a reduced 70kDa protein:
Result: Protein separation profile were comparable.

t ICE280 (bottom)

CIEF on Beckman PACE/MDQ (Top) & on Conver

Assay performed under reduced conditions with 10M Urea/100mMDTT

6. Determine purity of 70kDa product:

Result: clEF analysis of in-process material, from “Blue Load” material to final “UF
Load” showed an increase in purity, the amount of the Area% Main Peak increased
from ~ 35% to 71%.
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7. Determine Repeatability of the clEF assay

Comvergent ICE0: o Show repeatbility of U 266y, SIty CIEF runs ware done 1o
meniter QOO Tracson:

2 out of 4 sets 3re smown below) 11107
PS Appiwd Defone CIEF anabysis

= The lowest acceptable sample concentration is 1 ma/mi_
“ Plpet mi_of HPLG grade water into a 4mi. MIllpore Centrifuge tube wath SK Sutof fters, Amicon
* Ad3o0uL of sample Cdlluon . for concentations = ZmOimL) or 2000k (dlktion 2 or

8. Characterization & Identification of a 6AA extended N-Term variant

Method: By clEF analysis, a variant with 6AA extra N-term sequence was detected in the new
batch of reference std. An anion exchange method was developed to collect the Main Peak
product (pl 5.75) and the N-Term variant (pl 5.82) and subsequently analyzed by clEF & Mass
Spec.
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Conclusions:

The iCE280 clEF system is a highly unique instrument for fast, reliable and an excellent
method for separation of charged isoforms. The system provides the combined
benefits of gel like sep 1 with the au ion and qu ion of column
separation.

Itis very user friendly system, which is useful in analytical methods development,
qualification & Technology transfer to QC and/or outsource contractors.
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