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Using cIEF to characterize recombinant
human monoclonal antibodies

Single amino acid variants

Isoforms generated from the differential
processing of carboxy (C)-terminal lysine
(Lys) and arginine (Arg) residues have been
reported in proteins isolated from mam-
malian cell culture6. In this paper we

demonstrate the use of cIEF to separate and
identify single amino variants of the recom-
binant human monoclonal antibody Ab1.

We also briefly examine the impact of
different production methods on these vari-
ants by comparing Ab1 produced by the fer-
mentation of Chinese hamster ovary cells
(CHO) and by transgenic goats (G).

L.C. SANTORA1, I.S. KRULL1 AND K. L. GRANT2

1. DEPARTMENT OF CHEMISTRY, NORTHEASTERN
UNIVERSITY, BOSTON, MA
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Biotechnology products, especially gly-
coprotein pharmaceuticals, provide many
challenges to both the analytical and
process chemist. Most of these challenges
are due to the complexity and heterogeneity
of proteins in general. The manufacture,
release, and characterization of a recombi-
nant biopharmaceutical product require
many analytical tools. 

Flatbed isoelectric focusing (IEF) has
been used in biotechnology to monitor the
consistency, stability and semi-quantitative
levels of charged isoforms of protein prod-
ucts. Even though this technology is labor
intensive, time consuming and semi-quanti-
tative, it has become one of the most rou-
tine analytical methods in protein analysis1-5.

Capillary isoelectric focusing (cIEF)
extends the utility of IEF into an automated
and quantitative format and clearly has an
important role in analytical biotechnology.
In our laboratory we have used cIEF in
combination with cation ion-exchange chro-
matography and mass spectrometry not
only to assess charge isoform heterogeneity
but also to determine the identity and the
quantity of isoforms.

In addition to separating the isoforms
by isoelectric point, we have employed sev-
eral enzymatic treatments to assist us in
determining the identity of the isoforms. By
using enzymes which cleave at specific
sites we can generate evidence to help iden-
tify these isoforms as C-terminal Lys vari-
ants, differing from 0 to 2 Lys residues. In
this experiment carboxypeptidase C (CPB)
was used to remove the C-terminal Lys
while papain was used to digest the anti-
body into Fab and Fc fragments.

Experimental

Apparatus and chemicals
All separations were performed on the

P/ACETM MDQ System (Beckman Coulter,
Inc., Fullerton, CA). The eCAPTM neutral
capillary (Part No. 477441 Beckman
Coulter), with dimensions of 50 µm (i.d.) x
31 cm (20 cm to detector), is used to elimi-
nate electroosmotic flow. NaH2PO4, NaCl,
hydroxypropylmethycellulose (HPMC) and
tetramethylethylenediamine (TEMED) are
from Sigma Chemical Co. (St. Louis, MO).
All enzymes are from Boehringer
Mannheim (Indianapolis, IN). CPB enzy-
matic reaction: 0.1 mg/mL protein was
mixed with 0.05 mg carboxypeptidase B
and incubated at 37º C for two hours.
Anolyte, catholyte and mobilizer are from
BioRad  Laboratories (Hercules, CA). The
Pharmalyte 8-10.5 is from Pharmacia
Biotech (Piscataway, NJ), and Bio-Lyte 3-10
is from BioRad Laboratories. All recombi-
nant human IgGs  (CHO Ab1 and G Ab1 ▼
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mately 21 minutes represents the 2-Lys
variant  with a C-terminal lysine on both
heavy chains. The second isoform, with

- BASF Bioresearch Corp., Worcester,
MA) were diluted with HPLC-grade water
to a concentration of 0.25 mg/mL for the
cIEF analysis.

cIEF conditions

cIEF was performed with “normal”
polarity (cathode nearest detector).
Detection was with UV at 280 nm. The
anolyte, catholyte, and mobilizer were 20
mM phosphoric acid, 40 mM sodium
hydroxide and a zwitterionic solution,
respectively. The ampholyte solution was a
mixture of diluted Pharmalyte pH 8-10,
Bio-Lyte 7-9 and Bio-Lyte pH 3-10 con-
taining 0.4% TEMED (v/v) and 0.2%
HPMC (w/v). The dilution factor was 20.
The mixing ratio (v/v) was 8:1:1.

The pI standard markers (pI 10.1, 8.4
and 7.9) were diluted 1:20 with HPLC-
grade water. Samples for cIEF consisted of
70 µL of  0.25 mg/ml mAb with 100 µL
ampholyte solution plus 4 µL of each pI
standard marker, as above.

▼

Figure 1: cIEF analysis of CHO Ab1 for
the determination of isoelectric points
(pI). The pIs are automatically calcu-
lated and annotated on the peak.

TABLES 1-3
Table 1: Summary of the overall reproducibil-
ity of cIEF analysis and pI determinations for
the CHO derived antibody Ab1 from different
injections on the same day. Also indicated
are the average pI values of each peak in
the sample and standard deviation (SD)
and percent relative standard deviation
(%R.SD). These three samples were all taken
from the same lot No., 604.

Table 2:  Summary of the overall repro-
ducibility of cIEF analysis and pI determina-
tions for the CHO derived antibody Ab1 from
different days. These three samples were all
taken from the same lot No., 802.

Table 3: Summary of the overall reproducibility of cIEF analysis and pI determinations for the CHO
derived antibody Ab1 from different batches analyzed on different days. Ten separate batches are indi-
cated (ID), all analyzed on different days, with average values for all lots reported.

CIEF capillary pre-conditioning consist-
ed of rinsing first with HPLC-grade water
for 2 minutes at 20 psi, followed by a rinse
with 20 mM H3PO4 for 2 minutes at 20 psi,
and then another water rinse for 2 minutes.
Sample was introduced by filling the entire
capillary using positive pressure at 20 psi.
The focusing electric field was 580 V/cm
for 8 minutes, followed by a mobilization
field of 645 V/cm for 28 minutes or until all
of the proteins of interest and standard
markers migrated past the detector.

Results and discussion

The BASF human recombinant mAb
(Ab1) has C-terminal Lys isoforms, 0-Lys,
1-Lys and 2-Lys. This antibody was first
run on conventional gel IEF and three
bands were observed (data not shown). The
C-terminal 0-Lys isoform had the lowest pI,
while the C-terminal 2-Lys isoform had the
highest pI value. 

The cIEF electropherogram of the CHO
Ab1 has three peaks, which are due to Ab1
(Figure 1). The peak migrating at approxi-

p1:8.85

p1:8.98

STND
p1:10.11

STND
p1:8.32

STND
p1:7.99

p1:9.11
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only 1 C-terminal Lys, migrated a little later
while the major component, having no C-
terminal Lys residues, migrated third. 

The “standard” markers act as internal
calibrators to allow us to automatically cal-
culate the isolectric points of our isoforms.
We calculated the pI for 0 –C-terminal Lys
to be pH 8.85, 1-C-terminal Lys to be pH
8.98 and the 2-C-terminal Lys to be pH
9.11. These isoelectric points are all in
agreement with their expected values: the
2-Lys is the most basic with the greatest
number of Lys residues, while the others
have lower pI values, being less basic. The
precision of this determination is very
good, with same-day reproducibility of the
analytes’ iso-electric point being typically
0.1% R.S.D, and day to day and lot to lot
reproducibility less than 1% R.S.D (Tables
1, 2 and 3).

cIEF is highly quantitative, unlike gel
electrophoresis — which is only semi-
quantitative. Quantitative analysis of the
three isoforms based on peak area percent
were as follows: 71.9% 0-Lys, 21% con-
tained 1-Lys, while the 2-Lys isoform
accounted for 7.1%. This data agreed very
well with a cation exchange chromatogra-
phy assay that we had developed in paral-
lel. (Figure 2). 

Compared to CHO Ab1 isoforms, there
are more transgenic goat Ab1 (G Ab1) iso-
forms (Figure 3). The most significant differ-
ence is the increased acidic peaks, which we
believe are due to sialic residues on the G
Ab1.

migrates with the 0-Lys variant. Indeed, the
three protein peaks collapse into the most
acidic peak, which co-migrates with the 0-
Lys variant (Figure 5).

▼

Figure 3: Comparison of the cIEF-
charged isoform distribution in CHO
Ab1 and G Ab1.
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Figure 4: cIEF analysis of CHO Ab1
after digestion with the proteolytic
enzyme Papain. The isoforms of Ab1
appear on the Fc region, not on the
Fab region.
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Figure 5: Comparison by cIEF analysis
of CHO Ab1 before and after diges-
tion with carboxypeptidase B (CPB).
CPB removes the C-terminal Lysine
residues, collapsing the three Ab1
peaks into one major peak.
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Enzymatic digestion

Papain is a proteolytic enzyme known
to split antibody molecules into two sepa-
rate and identical Fab fragments, each with
one antigen-binding site, and one Fc frag-
ment. The fragments can be purified or sep-
arated by Protein A. If the isoforms are due

to C-terminal Lys varia-
tion, then they should
be present on the Fc

portion of the antibody,
rather than the Fab frag-
ments. Our results
demonstrate that Fab

region shows one peak,
while the Fc region
migrates as three peaks
(Figure 4).

CPB is known to
cleave Lys and Arg
residues from the C-ter-
mini of proteins.
Therefore, if the iso-
forms are single C-ter-
minal Lys variants,
CPB treatment should
collapse the three vari-
ants into one that co-

▼

21.0

6.2 7.2

22.7

71.971.1

Figure 2: A plot of the percentages of antibody C-termi-
nal lysine isoforms quantitated by both CIEX-HPLC and
cIEF assays (n=8, y-error bar is SD).
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Conclusions

We have been able to develop a very
reproducible cIEF method for determining
the pI values and quantifying the levels of
charged isoforms present in any typical
recombinant monoclonal antibody. In com-
bination with protein sequencing, CIEX and
LC/MS, we have been able to confirm that
the charged isoforms seen here are indeed
due to C-terminal Lys variants. Capillary
electrophoresis (CE) is clearly a valuable
tool for the automation of isoelectric focus-
ing, providing much better reproducibility
and quantitation than traditional gel
methodology. We plan to extend the CE
studies further by examining the micro-
heterogeneity of antibody glycosylation,
using APTs derivatization of the glycans
and CE-LIF detection. 
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through the buffer front. Ideally, the sample
should be dissolved in water or a 1:10 dilu-
tion of the running buffer. This allows us to
take advantage of the “stacking” capabilities
of the buffer as well as concentrating the
sample at that boundary. If your sample
requires a higher salt concentration for solu-
bility, then it will be necessary to increase
the salt concentration in your buffer to con-
tinue to take advantage of the stacking. As
you adjust this salt concentration remember
to adjust the electric field strength in your
method (Ohm’s Law) and running time.
You’ll be glad you purchased a system in
which the capillary is liquid cooled. 

It is equally important that the pH in
the matrix be compatible with the running
buffer. If there are additives in the matrix to
aid in the solubility, remember to add them
to the buffer. The assay will be over very

quickly if the sample
precipitates in the cap-
illary. 

I stress running an
Ohm’s law plot on
your buffer to opti-
mize the electric field
strength. If possible,
inject the matrix and
run the method to
look for any system
peaks or disturbances
in the current profile.
Maximum efficiency
is directly proportion-
al to the field
strength. The higher

the field strength the more efficient the sep-
aration. The higher the salt concentration in
the buffer, the higher the current and there-
fore the higher the joule heating. The better
the dissipation of the joule heat the better the
reproducibility of the method — and the bet-
ter the robustness. Now you will really
appreciate your choice of liquid cooling. 

In future articles we will discuss the
other variables in our chart. Until then
remember to consider all your options. Look
over your variables and happy separations.

Mark Flocco is a Field Marketing
Specialist with Beckman Coulter.

In recent arti-
cles I have dis-
cussed sample
screening with
buffer arrays, car-
bohydrate analysis
and the utility of
capillary coatings.
Over the next few
articles I have cho-
sen to take a step
back and discuss
CE fundamentals.

From my personal observations and com-
munication with our product support team,
it is clear that many CE users are not con-
sidering all the variables associated with
methods development and optimization.
However, an important lesson that I learned
very early was to “factor in the variables.”

When I began my
career I had excellent
mentors. Each provided
a unique perspective to
the role of capillary
electrophoresis and how
to retrieve the best pos-
sible data. Today before
sitting down at the
instrument, I still use
this simple chart provid-
ed by Richard Palmieri
(Beckman Coulter, Inc).
It’s part of the paper-
work one should think
about before applying
any voltage or
installing a single capillary.

All of these variables impact the perfor-
mance of the others. Does the analyte have
a charge? At which pH? How will the pH
of the buffer affect my separation? What
type of capillary should I consider using to
avoid sample interaction with the wall and
at which pH?

In this article I focus on the “M” in our
table. The “M,” or sample matrix, can have a
profound effect on the efficiency, resolution
and peak shape of our analysis. The counter
ions in the sample matrix should be compat-
ible with ions in the buffer in order to avoid
tailing or skewing of peaks as they migrate

Mark Flocco

NOTES FROM
THE LAB

▼

Factoring in the variables

A = Analyte; B = Buffer; 
C = Capillary; M = Sample matrix

A

C M

B
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Application to pharmaceutical analysis
Micro Emulsion ElectroKinetic Chromatography

K. D. ALTRIA
PHARMACEUTICAL DEVELOPMENT (EUROPE),
GLAXO WELLCOME RESEARCH & DEVELOPMENT, UK

Microemulsion electrokinetic chro-
matography (MEEKC) is a CE technique
in which solutes partition with moving
oil droplets present in a microemulsion
buffer. Ionized species will also separate
by electrophoresis. In MEEKC the
microemulsion droplets are often formed
by mixing immiscible heptane or octane
with water. SDS is added at relatively
high concentrations to stabilize the emul-
sion. A co-solvent such as butan-l-ol is
added to further stabilize the microemul-
sion. 

High-pH buffers such as borate and
phosphate are typically used, as these
generate high electroosmotic flow. The
droplet is negatively charged due to the
SDS coating, and as such attempts to
migrate against the EOF. Hydrophobic
solutes favor partitioning into the oil
droplet and, therefore, are highly
retained. The migration time of a neutral
solute in a MEEKC separation is there-
fore directly proportional to its

hydrophobicity (log P). Figure 1 shows a
schematic of this separation process.

MEEKC has previously been shown1-3

to be a powerful analytical technique for
water-insoluble neutral compounds.
However, the application of MEEKC to

the separation of water-soluble ionic
species had not been fully assessed. In
this work a single set of optimized
MEEKC separation conditions were
applied4-6 to a range of novel application
areas. High separation efficiencies and
selectivity are obtained for both water-
soluble and insoluble compounds. 

Experimental

P/ACE MDQ and P/ACE 5000 Series
systems (Beckman Coulter, Inc., Ful-
lerton, CA) were used for this work.
Standard 50µm i.d. x 27cm or 30cm-long
fused silica capillaries were used.
Microemulsions were prepared by weigh-
ing 0.81% w/w octane, 6.61% w/w butan-
1-ol, 3.31% w/w sodium dodecyl sulphate
and 89.27% w/w 10mM sodium tetrabo-
rate buffer to a 100ml volumetric flask. 

This was sonicated for 30 minutes,
which produced an optically transparent
microemulsion. Generally, samples were
dissolved in the buffer — as this gave
best peak efficiency — and injected for

3-5 seconds at 0.1 psi.
Insoluble solutes were
dissolved at
20 mg/ml in an appro-
priate solvent and then
diluted to 0.5 mg/ml
with the buffer.
Detection was per-
formed at 200 nm in
all cases unless speci-
fied.

Analysis of
neutral
compounds

These compounds
separate solely by partitioning effects. Figure
2 shows resolution of a range of neutral
solutes. The more water-insoluble com-
pounds are detected last, as they have the
highest interaction with the microemulsions.

Formulations of neutral
and charged solutes

Figure 3 shows the separation of
charged and neutral components of cold
medicine liquid formulation. Table 1
gives some quantitative data from this
analysis. Internal standards were used to
obtain the required injection precision.

▼

Figure 1: Principles of separation in MEEKC.

▼

Figure 2: Separation of a range of
Neutral Solutes.
1 = 1,4 benzenediol; 2 = 4 acetamidophenol; 
3 = 1,3 benzenediol; 4 = Saligenin;
5 = Nitroacetophenone; 6 = 4 hydroxyacetophe-
none; 7 = Anisole; 8 = Benzophenone
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▼

Figure 3: Separation of liquid cold
medicine by the MEEKC method.
1 = Guaiphenisin; 2 = Pseudoephedrine
3 = Ethyl paraben; 4 = Propyl paraben

1 2 3

4

▼
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Water- and fat-soluble
vitamins

Figure 4 shows resolution of a com-
plex liquid multivitamin preparation of a
range of water- and fat-soluble vitamins
diluted 1 ml to 10 ml with buffer. Other
peaks are due to excipients. The late
migrating peaks at 9 minutes are the fat-
soluble vitamins A and D.

Acidic drugs

Acidic compounds separate (Figure
5) based on both their electrophoretic
migration and partitioning. The least
water-soluble compounds, ibuprofen and
troglitazone, migrate last. 

Basic drugs

Figure 6 shows resolution of a range
of basic drugs with a very different sepa-
ration order to that obtained in CE.

TABLE 1

▼

Figure 4: Analysis of a liquid vitamin
formulation.
1 = Nicotinamide; 2 = 2.137; 3 = 2.465; 4 = Riboflavin;
5 = Ascorbic acid; 6 = 3.608; 7 = 3.642; 8 = Thiamine;
9 = Panthothenol; 10 = Vitamin A; 11 = Vitamin D.
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▼

Figure 5: Separation of a range of
water-soluble and insoluble acidic
drugs.
1 = Warfarin; 2 = Barbitone;
3 = Indomethacin; 4 = Saccharin;
5 = Salicylic acid; 6 = Ibuprofen;
7 = Troglitazone.
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▼

Figure 6: Analysis of basic drugs.
1 = Lamiduvine; 2 = Terbutaline; 3 = Sumatriptan;
4 = Alosetron; 5 = Clenbuterol; 6 = Lignocaine;
7 = Bupivacaine; 8 = Amitryptline.
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Conclusions

The MEEKC method is applicable to a
wide range of neutral and charged water-
soluble and insoluble analytes. High sepa-
ration efficiencies and peak capacities
have been demonstrated even for complex
samples, such as liquid formulations. The
method is especially applicable to
hydrophobic neutral solutes, which can
present difficulties in free-solution CE,
and MEEKC. The method was found to
be highly reproducible in terms of migra-
tion time repeatability and repeatability of
preparations of the microemulsions. 
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Keep your P/ACE system clean and safe
Electricity is

amazing stuff.
Properly handled it
can light a lamp,
turn a motor, or
cause a mixture of
molecules to sepa-
rate into its com-
ponents.  Out of
control it can cre-
ate intense, local
heat, punch holes

through glass or plastic, and
generally spoil your day. 

Electricity is the movement of elec-
trons from a source of high potential to a
sink of low potential. The higher the
potential (voltage) the more likely the
electrons are to reach the sink (ground or
earth). The quantity of electrons that are
being moved is called the current. The
currents encountered in capillary elec-
trophoresis are generally small: 5-300
microamperes. By contrast, a 60 W
incandescent light bulb may carry one-
half of an ampere or 500,000 microam-
peres.

The voltage potentials used in CE are
much greater than the 120-240 volts we
work with every day. CE instrument
power supplies can generate potentials of
30,000 volts. This is enough voltage to
drive electrons through sizeable resis-
tances on their way to ground. The
designers of commercial CE instruments
go to considerable effort to build systems
that keep electrons flowing where they
should flow — through the capillary —
and away from the operator. However, if
given the chance, electricity will take
every opportunity to go where it should
not. This article is about eliminating
those opportunities.

Keeping electrons on track

There are two major areas where the
user can have an impact on keeping the
electrons where they belong. The first of
these is cleanliness. The buffers used in
capillary electrophoresis are electrically

leaving one terminal of the high-voltage
power supply should equal the current
returning to the other terminal. Any differ-
ence indicates that current may be flowing
where it should not. The current monitoring
devices recognize this difference and shut
off the high voltage (generating an Error 18
message in the process). Although no one
likes to see an error 18, it’s better that the
instrument recognize it and react to it. This
protects both you and your instrument.

Regular system cleaning

To increase the reliability of a CE
system there is nothing more important
than system cleaning. The time spent on
cleaning the instrument will be more
than repaid in reduced downtime and
higher productivity.
Cleaning is

always
easiest to

do when
things are

not dirty.
This translates

to a regular
program of
preventive

cleaning.
The proce-

dures for
cleaning a

P/ACE instru-
ment are

described in your
system’s installa-
tion and mainte-

nance manual. While the user
should refer to that manual for specific
details, the major steps are as follows:

• Turn off the instrument power.
Unplug it.

• Remove the capillary cartridge and
set it aside.

• Remove the covers from the elec-

conductive because they contain ionic
components (salts). Over time these salts
can be deposited on instrument surfaces.
The most common area where salts accu-
mulate is on the interface block. The
interface block is the place where the
wires from the power supply connect to
the buffer and the capillary. Salt deposits
here can create an excellent electrical
pathway to the ground. When electrons
take this pathway they can heat the sur-
face sufficiently to create a carbon track,
which can be a better conductor than the
salts. Preventing and removing buffer
deposits is covered later in this article.

The second way that the user can
keep electrons inside the CE
instrument is to respect the
safety interlocks that are
engineered into the
system. The P/ACE
series CE systems
have safety
switches built
into the
instrument
covers.
When

the
covers over
the high voltage areas are opened, these
switches shut down the high-voltage sup-
ply. 

P/ACE systems also incorporate
devices that monitor the current. When
things are operating properly the current

Harry Whatley

CURRENT
AFFAIRS

▼

▼
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trode area. Refer to the manual for details.
• Place a pad of absorbent material

(paper towels) under the area to be cleaned.
• Using water-soaked swabs, gently

clean the area around the electrodes.
• Rinse with water. Rinse with

methanol (to accelerate drying).
• Allow drying before reassembling.
This procedure is most conveniently

done when the instrument will not be
used for a period of time; Friday after-
noon, for example, if the instrument will
not be run over the weekend. This allows
plenty of time for all parts to dry. If this
is not possible, the system can be dried
with clean compressed air. The canned air
used to remove dust from electronics is
ideal for this purpose, as opposed to labo-
ratory compressed air lines, which often
deliver dirt and oil along with the air.

Use care around the electrodes. CE
electrodes are made of platinum, a soft
metal that is easily bent. Bent electrodes

can cause a host of other problems. Badly
damaged electrodes should be replaced.

At the same time the instrument is
cleaned it should be inspected. Look for
discolored, cracked, or broken parts that
may indicate chemical, thermal, mechan-
ical, or electrical damage has occurred.
Check that all covers are in place and all
interlocks function properly. While the
cartridge is out of the instrument, check
it, too. Use a magnifying glass to check
the ends of the capillary for irregulari-
ties, and trim if necessary.  Examine the
window area for dust or debris.

How often to clean depends on how
the instrument is being used. If the sys-
tem is only run a few times a week with a
“clean” buffer system, a once-a-week
schedule is enough. Operating 24 hours a
day demands more frequent cleaning.
High-viscosity buffers, such as the gels
used for DNA and protein analyses, are
sticky and particularly prone to leave

residues. Buffers that contain urea some-
times seem to be able to crawl out of
vials and across surfaces. Clean more fre-
quently when using these buffer systems.

Good operating practices can simpli-
fy cleaning. Never fill buffer vials above
the base of the neck. With sticky buffers
use a little less. The use of higher-pres-
sure rinses (>20 psi) on the P/ACE MDQ
can lead to splashing when the pressure
is released suddenly, particularly if the
vials are overfilled. With P/ACE MDQ
(software and firmware versions 1.6 and
above) pressure is vented gradually,
which reduces splashing.

Working with high voltage is a lot
like the game of baseball. The object is
to complete the circuit and still get home
safe. A clean CE instrument with all
safety interlocks functioning will keep
high voltage inside the instrument  —
where it belongs. 

Judith A. Miller and Jill M. Kolesar
School of Pharmacy, University of
Wisconsin-Madison

Capillary electrophoresis with laser
induced fluorescence (CE-LIF) is used in
our laboratory to separate and quantitate
dsDNA fragments, particularly PCR
products such as HIV-1, HBV, CMV and
HCV. As we analyze a large quantity of
samples every day we are always looking
for ways to decrease the run time. This is
especially true with our calibration stan-
dard, which takes 40 minutes per run and
a total of six runs for each calibration.
Furthermore, as mutation analyses
require very high resolution, we are
always looking for ways to improve the
efficiency and resolution of our assay.

The purpose of this communication is
to share our observations on the evalua-
tion of a new sieving polymer formula-
tion recommended to us by Beckman
Coulter, Inc. We found that we could sig-
nificantly decrease our run time, while

improving the resolution of our dsDNA
products. 

Methodology

Reagents
All reagents were molecular biology

grade. Our calibration standard, pGEM,
consists of DNA fragments from 36 to
2,645 base pairs and present in a concen-
tration of 1mg/mL (Promega, Madison,
WI). Stock concentrations were diluted
1/100 with ddH2O and analyzed as
described. 

Instrumentation
Separations were performed on a

P/ACE 2050 CE system with the temper-
ature held constant at 20ºC. Detection of
samples was achieved using laser-
induced fluorescence in the reversed-
polarity mode (anode at the detector
side) with excitation of 488 nm and
emission of 520 nm. Post-run analysis of
data was performed using the System

Gold® HPLC system (Beckman Coulter,
Inc., Fullerton, CA).

Method 1

Samples were introduced hydrody-
namically by 10 s injections at 0.34 Pa
across a 47 cm x 100 µm i.d. coated
eCAP dsDNA capillary filled with the
dsDNA 1000 linear polyacrylamide. The
capillary was conditioned with eCAP
dsDNA 1000 gel buffer, which contained
60 µL of EnhanCE intercalator per 20
mL of gel. Separations were performed
under constant voltage at 7.0 kV for 30
min. The capillary was rinsed with gel
buffer for 3 minutes prior to each injec-
tion.

Method 2

The new sieving polymer was kindly
provided by Beckman Coulter for pur-
poses of our evaluation. The polymer

From eternity to here
Reduction of DNA analysis run time from 40 to 15 minutes
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Table 1

▼

Figure 1: Method 2, using a 27 cm capillary.

Comparison of current dsDNA method to the new recommended procedure.

126 179
222 350

36

51

65
75

396 460 517
676

1,195

1,605

2,645
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Submit manuscripts — exchange ideas
Beckman Coulter reserves the right to edit
for length/clarity.
Send a hard-copy version of your article
and electronic version (on disk) to:

Beckman Coulter, Inc.
P/ACE Setter Review Group
M/S D-31-E
4300 Harbor Blvd. / P.O. Box 3100
Fullerton, CA 92834-3100
or send your article via email to:
jdchapman@beckman.com

Providing a forum for the exchange of ideas,
we invite you to submit articles or manu-
scripts describing novel uses of capillary
electrophoresis in your laboratory.

Content: You decide. If the subject is of
interest to you, it may be interesting to oth-
ers as well.

Length: Please keep your article to less
than 1,200 words.

Use appropriate referencing, where copy-
write and trademarks are involved.

solution consisted of 25 mM Mops-
Tris pH 7.55 containing 0.5% PEO
(mol. wt. 4 million) and 0.4% PEO
(mol. wt. 0.9 million). The anode
buffer was made up of the polymer
solution as defined; the cathode
buffer was made of the polymer solu-
tion with the addition of 4 µL of
EnhanCE intercalator per 10 mL of
gel. The capillary was rinsed with the
polymer solution (with EnhanCE
addition) for 2 minutes prior to each
injection. Samples were introduced
hydrodynamically by 10 s injections
at 0.34 Pa across a 27 cm x 75 µm
ID capillary pretreated with the poly-
mer solution. A 10-second water plug
was injected prior to each sample.
Separations were performed under
constant voltage at 5.4 kV for 15
minutes.

Results 

With this new formulation and
methodology, the largest fragment of
our calibration standard (2,645 bp)
migrated at approximately 14 min-
utes, allowing us to decrease our run
time from 40 to 15 minutes while
realizing a net improvement in reso-
lution (Figure 1). 

There were several important dif-
ferences that we noted between our
previous method and this new one.
These include:

• decreased capillary length
• decreased capillary internal 

diameter
• change in separation voltage
• introduction of an injection 

water plug
• change in EnhanCE concentra

tion
• use of a different sieving poly

mer. 
These differences are summa-

rized in Table 1.

EnhanCE concentration
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Beckman Coulter participated in the
12th International Symposium on High
Performance Capillary Electrophoresis
and Related Microscale Techniques
(HPCE), Jan. 23-28 in Palm Springs,
Calif.

The meeting opened Sunday evening
with an excellent plenary session, con-
sisting of three presentations. Leroy
Hood from the University of Washington
spoke on “Functional Genomics – From
the Genome to the Physiome.” Fred
McLafferty from Cornell University pre-
sented “The Optimum CE detector for
Biomolecules: High-Resolution 2-D
Mass Spectrometry.” Peter Gill from
Priory House Forensic Science Service
provided “A Review of DNA Profiling in
Forensic Science – Implications for the
Future.” 

The rest of the week was then split
into parallel sessions, including:
microscale MS, DNA analysis, DNA
sequencing , protein analysis, applica-
tions in bioanalysis, fundamental con-
cepts, advances in detection, CEC col-
umn technology, CEC fundamentals and
applications, single-cell analysis, micro-
fabricated devices and affinity CE 

Does it sound like a long week? It
sure was; but it was a very informative
week and by all accounts a very success-
ful scientific meeting. There was literally
something for every one of the 629 sci-
entists in attendance. The most notable
part of the meeting, however, was the
poster session, with more than 311
posters being presented. These posters
were of very high caliber and most were
applied to solving every-day analytical
problems. It was nice for a change to see
CE being used simply as a tool to get a
job done, and of course it was nice to see
so many P/ACE systems actively being
used.

As the acknowledged leader in capil-
lary electrophoresis, Beckman Coulter
takes a strong interest in the HPCE meet-
ing with a focus on accomplishing three
major goals:

Poster sessions 

Poster 1) Optimized Conditions for
Sequencing a Variety of DNA Templates
using the CEQ™ 2000 DNA Analysis
System. Mark Dobbs, Doni Clark, Keith
Roby and Scott Boyer, Beckman Coulter.

Poster 2) The CEQ 2000: An
Automated Multi-Capillary DNA
Analysis System. David Yang, Beckman
Coulter.

Poster 3) Multi-segmented Column
Performance in Capillary
Electrochromatography. Chitra Ratnayake
and Michael P. Henry, Beckman Coulter.

Poster 4) Detection of Aberrant
Paraproteins by Capillary Zone
Electrophoresis. Cynthia R. Blessum,
Marina Andres and Neeta Khatter,
Beckman Coulter.

Poster 5) Detection of Urinary Bence
Jones Proteins by Capillary Zone
Electrophoresis. Cynthia R. Blessum,
Zara Safarian, Marina Andres and Neeta
Khatter, Beckman Coulter

Poster 6) Detection of Non-Protein
Components in Serum by Capillary Zone
Electrophoresis. Cynthia R. Blessum,
Marina Andres, and Neeta Khatter,
Beckman Coutler.

Poster 7) Characterization of Highly

1) Support the sci-
entific exchange of
information on CE.

2) Present our latest
enhancements to the
P/ACE product line.

3) Thank our current
P/ACE users for their
support. 

Exchange of 
information

The No. 1 goal of
the HPCE meeting is in
the exchange of scien-
tific information. To
promote this exchange,
we once again invested
in being a major HPCE
sponsor. We sent more than 45 delegates,
exhibited with a 30-foot display, and par-
ticipated in the scientific sessions with
the following presentations:

Industrial seminars 

1) Implementing Capillary Zone
Electrophoresis Screening Strategies in a
Forensic Toxicology Laboratory. John C.
Hudson, Royal Canadian Mounted
Police.

2) Recent Developments in Capillary
Electrochromatography: Advanced
Monolithic Column Technology. Chitra
K. Ratnayake, Michael P. Henry and
Chan S. Oh, Beckman Coulter.

3) Advances in Fully Automated
DNA Sequencing and dsDNA Analysis.
Ming-Sun Liu, Fu-Tai A. Chen and
Michael W. Clark, Beckman Coulter.

Session lecture

Multi-Capillary CE/LIF Using a
Galvometric Scanner: Application to
DNA Analysis. Stephen Pentoney,
Clarence Lew and David Yang, Beckman
Coulter.

HPCE ’99: Truly putting CE to work

▼

The centerpiece of the Beckman Coulter booth was an
eye-catching graphic featuring the P/ACE MDQ with
new LIF detector.
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Sulfated Cyclodextrins and their
Applications for Enantiomeric Separation
of Chiral Species. Fu-Tai A. Chen,
Ramon Evangelista and Gene Shen,
Beckman Coulter.

Poster 8) Profiling N-linked
Oligosaccharides of Glycoproteins by
Capillary Electrophoresis. Fu-Tai Chen,
Isabel Flores and Ramon Evangelista,
Beckman Coulter Inc. 

P/ACE enhancements

The theme at the Beckman Coulter
booth this year was “Putting CE to
Work,” a focus on applying CE technolo-
gy to solving real world analytical chal-
lenges. At the center of this focus was
the preview of our new dual-wavelength
laser-induced fluorescence detection sys-
tem, designed as a modular detector for
the P/ACE MDQ platform. This detec-
tion system brings carbohydrate analysis,
gene expression, genotyping and high-
affinity assay capability to a platform
designed for the pharmaceutical/bio-
technology laboratory. Whether it’s
research, drug discovery, process devel-
opment, analytical methods development
or quality control — a single platform
can be configured to address all
demands. 

Beckman Coulter also launched a
new M-Grade APTS manufactured to a
purity level required for monosaccharide
analysis. Although APTS has been used
successfully for the analysis of glycans,
not until now has a commercially avail-
able product been available at the purity
required for monosaccharides. Data on
this analysis was presented during the
poster session.

Finally, Beckman Coulter displayed
the new CEQ 2000 DNA Analysis
System. The eight-capillary CE-based
genetic analysis system fully automates
the sequencing process, from sample
denaturation and loading to sample sepa-
ration and DNA base calling.

Customer appreciation

The 12th Annual International HPCE
meeting gave us the opportunity to host

our seventh annual P/ACE Users
Appreciation Event. This year Beckman
Coulter treated more than 160 P/ACE
users to an evening of “Desert
Discoveries.” The event was held at
Palapas of Araby Cove – a unique hands-
on artists’ garden.

Attendees were allowed to wander
through the gardens enjoying sumptuous
food, and participate with artisans tend-
ing to their crafts. Some had their for-
tunes told by the Native Dream Stick
Reader, while others made their own pot-
tery. This truly was a magical place
under the mystical desert skies. 

Of course, the event would not be
complete without the CEparation of the
Year Contest. All attendees were invited

to judge the
contest entries.
This year’s
winners were:

First Place:
Ken K.C.
Yeung,
Department of
Chemistry,
University of
Calgary,
Alberta Canada.
The CEparation
was titled:
“Ultra High Resolution CE”: Separation

of Isotopes
Second

Place: Kevin
Altria,
Pharmaceutical
Methods
Development,
Glaxo
Wellcome, Ware,
Herts, U.K. The
CEparation was
titled:
Application of

Microemulsion
Electrokinetic

Chromatography (MEEKC) to the
Analysis of a Wide Range of Solutes.

Third Place:
Mark P. Richards,
U.S. Department
of Agriculture,
Beltsville, MD.
The CEparation
was titled:
Leaping over
Leptin Levels. A
QC-RT-PCR
Assay for Leptin
Gene Expression.

And, of
course, an honor-
able mention to all
of those who par-
ticipated. The CEparations submitted
were of high quality and were all consis-
tent with truly “Putting CE to Work.”
Next year’s CEparation contest will be
held in Saarbrucken Germany. We
encourage all of you who plan to

▼

Experimenting with pottery.

▼

Participants select “dream sticks” that
will be used to predict their future.

▼

Ken K.C. Yeung

▼

Kevin Altria

▼

Mark P. Richards

▼



attend to consider submitting an entry
into the contest. It’s not about “rocket-
science,” but instead simply “Putting CE
to Work” in your laboratory. What’s
important to you is most often important
to others as well. So in addition to having
some fun and sharing good prizes, it’s an
opportunity to communicate with your
peers and share good science. 

Beckman Coulter also provided a
contest at the booth, giving away a pH
meter a day! As we have just launched a
whole new line of pH meters and since
pH measurement is critical to CE, we
took the opportunity to thank our patrons

with this contest. 
Congratulations are extended to the

winners of the new F® 265 waterproof
pH meters:

Monday
Danilo Corradini
CNR Institute

Chromatography
Monterotonao

Station, Italy.
Tuesday
Scott Waite
Huntsman
Austin, Texas.

Wednesday
Hideki Horie
NIVOT
Kanaya, Shizuoka, Japan.
Overall, HPCE ’99 was a very suc-

cessful scientific meeting, and for the
first time there really was a sense of the
maturing of CE technology. This is no
longer a technology looking for an appli-
cation, but rather simply an analytical
tool being put to work to solve complex
analytical separations.  ▼

Danilo Corradini

CEparation of the Year, first-place poster, Ken K.C. Yeung, Department of Chemistry, University of Calgary, Alberta Canada.

1

FIRST

PLACE
CEparation of the Year

▲12

separation based on the small isotope effect on
acid dissociation, pKa



CEparation of the Year, third-place poster, Mark P. Richards, U.S. Department of Agriculture, Beltsville, MD.

Leptin is a peptide hormone
encoded by the obesity (ob)
gene that functions in the reg-
ulation of feeding behavior,
energy balance and repro-
duction in humans and ani-
mals. In mammals, leptin is
expressed in adipocytes and
its level in blood increases in
direct proportion to body fat
mass. Circulating leptin signals
the brain about the status of
body energy (fat) stores, and
the brain, in turn, activates spe-
cific neural pathways that
modulate food intake and
energy expenditure to help
maintain energy stores at a set
level. The brain (primarily the
hypothalamus) expresses a
specific receptor for leptin that
allows it to sense changes in
blood leptin levels. Thus, a
negative feedback loop exists
between adipose tissue and
the central nervous system,
with leptin serving as an affer-
ent signal to the brain.
Recessive mutations in the
genes encoding leptin and its
receptor have been identified
and linked with the pathologi-
cal conditions of morbid obe-
sity, diabetes and infertility. In
light of this, it is important to
accurately monitor leptin
expression at the levels of
nucleic acid (mRNA) and pro-
tein.

2

SECOND

PLACE

For second-place winner, see
article by Kevin Altria, page 5.

QC-RT-PCR Assay for Leptin Gene Expression

3

THIRD

PLACE
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New CE literature from Beckman Coulter
A-1859A, Advancements in Forensic Toxicology: CZE Replaces GC/NPD as the Screen of

Choice for Basic Drugs, focuses on the work of John Hudson, Murray Malcolm and Mauro Golin
from the Royal Canadian Mounted Police Forensic Laboratory, Regina, Saskatchewan, Canada.
In this bulletin, Hudson stresses the greatest analytical challenge in forensic toxicology: the
search for drugs that may have caused injury or death. For five years Hudson’s lab has been
developing capillary zone electrophoresis (CZE) on the P/ACE 5500 to analyze drugs in vari-
ous matrices. Most recently, they have used a P/ACE MDQ with diode array detection
(DAD). His lab found that the combination of mobility and UV spectral data generated by
CZE-DAD  is much stronger evidence than the combination of retention index (RI) and gas

chromatography (GC). Hudson concludes that the future is truly bright for CZE; that CZE-DAD
is the screen of choice for basic drugs by toxicologists in their lab.

T-1860A, Precision in Capillary Electrophoresis, by Harry Whatley and Jeff Chapman of
Beckman Coulter, illustrates that the P/ACE MDQ is capable of achieving the degree of
migration time and peak area precision needed for routine chemical analysis. The basic
requirements to reproducibility are a quality instrument that is properly operated, calibrated,
and equilibrated. 

Introduction to Capillary Electrophoresis P/N 149844 $395 (US)
This one-day lecture course provides a sound theoretical basis for capillary electrophoresis and an overview of current chemistries
and approaches to methods validation. 8:30 a.m. to 4:30 p.m.
1999 training schedule: Somerset, NJ: Sept. 7

Schaumburg, IL: May 11, Nov. 2
Palo Alto, CA: Aug. 17

P/ACE™ Station Software Operation P/N 149846  $395 (US)
This is a one-day class covering advanced software functions and instrument operation. Hands-on exercises at PC workstations uti-
lize practice data sets provided by the instructor. 8:30 a.m. to 4:30 p.m.
NOTE: To ensure maximum benefit for all students, this course requires that all attendees complete the P/ACE Station Software
Tutorial Workbook prior to attendin and bring exercise results with them.
1999 training schedule: Somerset, NJ: Sept. 8

Schaumburg, IL: May 12, Nov. 3
Palo Alto, CA: March 24, Aug. 18

Troubleshooting CE Methods and Systems P/N 149845 $395 (US)
In this one-day course the student learns to troubleshoot method and electropherogram problems as well as common system prob-
lems.  This class includes a troubleshooting workshop and hands-on system maintenance practice. 8:30 a.m. to 4:30 p.m.
1999 training schedule: Somerset, NJ: Sept. 9

Schaumburg, IL: May 13, Nov. 4
Palo Alto, CA: Aug. 20

Course descriptions/Training schedule

To enroll, call 1-800-742-2345 (USA) • 1-800-387-6799 (CANADA)
or contact your local Beckman Coulter office

APPLICATION INFORMATION

There is n
o greater analytical challenge in forensic

toxicology than the “general unknown,” the search

for drugs or poisons that might have caused a death,

impaired a driver or drugged the victim of sexual

assault. Typically, the first
 step in such an analysis

is one or more screening procedures, each designed

to detect a number of analytes in a single analytical

pass. A
ll else being equal, the more compounds that

are detectable in a single pass, the better.

Of all the compounds that are of potential inter-

est fo
rensically, organic bases are the most im

por-

tant. This group includes most of the drugs that

affect the central nervous system, in addition to well-

known poisons such as stry
chnine. It i

s easy to make

a list 
of several hundred such analytes and, of course,

a comprehensive screen would test fo
r them all.

GC/NPD

In our laboratory, as in many others, gas chromatog-

hy (GC), with nitrogen-phosphorus (N
P) or elec-

(EC) detection, has long been the basis

sive screen.

ins first 
with direct sol-

blood (no sepa-

d by

initial screening of complex sample matrices is l
ess

practical than with either CZE or GC/NP.

Problems Encountered

Although the GC screen performs reasonably well,

it is 
not without its 

problems. Some analytes are

thermally labile, others are adsorbed irre
versibly to

the chromatography system, and the complexity of

the samples analyzed means constant attention to

keep the system working satisfa
ctorily. In addition,

a significant fra
ction of the samples submitted are

putrid. The products of putrefaction unfortunately

include organic bases, often in sufficient concentra-

tion to overwhelm a NP detector. Thus we are

always alert to
 better ways to perform the screen.

Could capillary zone electrophoresis s
olve many of

these problems and replace GC/NPD?

The CZE System

A number of workers(2,3,4) have demonstrated the possi

bility of using CZE to analyze drugs in various matri

ces. For the past fiv
e years, we have worked on the

development of capillary zone electrophoresis (C
Z

as an adjunct to, and a possible replacement for,

GC/NP analysis in
 our screen for basic drugs. In

e used a Beckman Coulter P/ACE™ 5500 with

elength UV or diode array detectio

have used a P/ACE™ Syste

Coulter. We chos

C a p i l l a r y  E l e c t r o p h o r e s i s

A-1859A

ADVANCEMENTS IN FORENSIC TOXICOLOGY: CZE REPLACES

GC/NPD AS THE SCREEN OF CHOICE FOR BASIC DRUGS

John C. Hudson, Murray J. Malcolm and Mauro Golin

Royal Canadian Mounted Police, Forensic Laboratory, Regina, Saskatchewan, Canada

Introduction

Instrumentation for routine chemical analysis m
ust

have an acceptable degree of precision. The instru-

ment must give the same result fo
r a given sample

from run to run and from day to day. A technology

must be shown to be sufficiently reproducible for the

task at hand before it can be accepted for routine use.

Many advances in instrument system design have

been made since capillary electrophoresis w
as com-

mercialized in the late 1980s. As this note will

demonstrate, P/ACE™ System MDQ is c
apable of

achieving the degree of migration time and peak area

precision necessary for routine chemical analysis.

du ibility
 in CE

d in reproducibility. Some

ol voltage con-

herent in

100 successive runs of a single sample of the test

mixture. The peak area %RSD for the entire set of

100 runs is 1
.52% for Peak A and 1.67% for Peak B

It is 
not usual for analyses to require this m

any repl

cates: six is a
 typical number. Figure 3 shows the

moving %RSD of the area of Peak A for any six

consecutive runs (1-6, 2-7, etc., giving 95 sets o

data points). T
he average %RSD for the sets of

runs is 0
.89% with a range from 0.42% to 1.4

The above data represent peak areas which h

been corrected for velocity. In CE, peak are

only a function of concentration but also o

lyte’s velocity through the detection wind

irreproducibility in migration time will c

the error in peak area determination. In

electrophoresis, it is 
usual to normaliz

for migration velocity. The resulting

referred to as corrected peak area. T

%RSD for the entire set of 100 run

Peak A and 1.56% for Peak B. Th

for the sets of six
 runs is 0

.90% 

to 1.46%. The fact that t

hods of area cal

the m

TECHNICAL INFORMATION

C a p i l l a r y  E l e c t r o p h o r e s i s

T-1860

PRECISION IN CAPILLARY ELECTROPHORESIS

Harry Whatley and Jeff Chapman

Beckman Coulter, Inc.
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Quality Control of Drugs by CE: Practical Approach
June 14-17, 1999, Montpellier, France

Quality Control of Drugs by CE: Practical Approach
June 14-17, 1999, Montpellier, France

European training program in microseparation techniques,
promoted by the European Union, Leonardo da Vinci project.

Objective
Capillary electrophoresis (CE) is becoming a routine method for the quality control of drugs. This training course is

mainly focused on the quantitative aspects of the technique. It is aimed to show from practical how it is possible to opti-
mize the criteria required for validating the assay method of an active drug and its degradation products.

Intended participants
Technical executives and technical staff of development  and quality control laboratories from pharmaceutical,

chemical, agro-chemical, cosmetic industries and laboratories concerned by the quantitative aspects of the technique.
People wishing to acquire a training in specialized analytical techniques for quality control.

Program
• Principle; instrumentation; background review of applications

(impurities, assay, identification, chiral separations and small ions)
• Optimization of selectivity, repeatability and sensitivity
• Quantitative procedures
• Good working practices
• Method ruggedness and validation, method transfer
• Chiral separations
• Analysis of small ions (stoichiometry)
• Good laboratory practice

Similar lectures given concurrently in English  Dr. Kevin Altria, Glaxo Wellcome,
and in French by Prof. Huguette Fabre, Faculté de Pharmacie.
Course will include lectures and practical. Participants can bring samples for testing.

Cost
1300 (EUR) for registration before May 15, 1450 (EUR) after May 15

For more information
Contact: Prof. H. Fabre or Dr. M.D. Blanchin
Laboratoire de Chimie Analytique, Faculté de Pharmacie
F-34060, Montpellier Cedex 2
France
Tel +33.4.67.54.45.20
Fax: +33.4.67.52.89.15
E-mail hfabre@pharma.univ-montp1.fr



What’s new
with Dr. Q

Developing innovative solutions in genetic 
analysis, drug discovery, and instrument systems.
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The new LIF detector — available as an upgrade
module for existing MDQ users — is also integrated
into application-specific CE systems designed for:

• Oligosaccharide and monosaccharide analysis
• DNA-protein interactions
• Quantitative gene expression
• DNA fragment analysis
• CE-based immunoassays

Part No. 144954: P/ACE MDQ Dual l LIF Detector
Part No. 144901: P/ACE MDQ Single l LIF Detector
Contact your local sales representative for upgrade information

For more information on the new LIF Detector, ask for Data Sheet No. DS-8284A 

MDQ Laser-Induced
Fluorescence Detector

• Dual l excitation
• Dual l emission
• Universal laser input
• Rapid analysis (10-cm

capillaries)
• Automated calibration 
• Ultra-high sensitivity


