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ABSTRACT

KEYWORDS

The isoelectric point of shortened glucagon-like peptide-1, a
promising new drug to therapy of type 2 diabetes, was
determined using a new generation of capillary isoelectric
focusing-whole column imaging. Urea was added as a
solubilizer to enhance the stability and repeatability of
shortened glucagon-like peptide-1. The isoelectric point of
shortened glucagon-like peptide-1 measured by capillary
isoelectric focusing-whole column imaging was 4.49, which
was similar to the theoretical value of 4.40. Furthermore, the
accuracy and repeatability of capillary isoelectric focusingwhole column imaging were investigated. The results showed
that this approach provided good accuracy (bias less than 2%)
and excellent repeatability (coefficients of variation less than
0.25%). The isoelectric focusing coupled with whole column
imaging required only a few minutes for an assay. The study
demonstrated that the capillary isoelectric focusing-whole
column imaging is useful for the quality control and characterization of peptide and proteins because of its accuracy,
repeatability, high performance, and high throughput.
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Introduction
The determination of isoelectric point of peptide and protein drugs plays an
important role in the quality control and research. Currently, gel isoelectric
focusing, and capillary isoelectric focusing are major methods for proteins
and peptide isoelectric point analysis.[1–3] The gel isoelectric focusing method
is inherently time-consuming and poorly suited for automation. As for the traditional capillary isoelectric focusing, the focused zones will have to be pushed
though the detection point, which may cause the distortion of pH gradient, loss
in resolution and high risk of protein precipitation that affect the results.[4]
The new generation of capillary isoelectric focusing-whole column
imaging detection[5–8] can solve those problems, which combines the capillary
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isoelectric focusing electrophoresis with the whole column imaging detection.
A complementary metal-oxide-semiconductor camera is used to monitor the
whole separation channel and record the real-time focusing process. The
application of whole column imaging eliminates the mobilization of focused
zone, which maintains the high efficiency of separation and increases the
accuracy and repeatability of the method. Moreover, the running time is
reduced to less than 10 min, so the optimization of separation condition is
simplified.[9,10]
Figure 1 shows a schematic diagram of capillary isoelectric focusing-whole
column imaging detection. The inlet of the capillary column is connected to
autosampler and the outlet of the capillary column is connected to a waste
vial. When high voltage direct current is passed into the cathode and anode
electrolyte, a stable pH gradient is established by carrier ampholytes.[11] The
sample moves toward the anode or cathode in the 50 mm capillary column
based on its charge. When the protein reaches its isoelectric point, which is
equal to the pH value, the protein movement stops and the isoelectric
focusing is completed. During the focusing process, a complementary
metal-oxide-semiconductor camera is used to record the entire dynamic
imaging in this capillary column and ultraviolet absorption is used as the
detection signal.
Glucagon-like peptide-1 is an endogenous peptide which is secreted from
intestinal endocrine l-cells. Glucagon-like peptide-1 exerts glucose regulation
actions through secretion of glucose-dependent insulin, induction of β-cell
proliferation, enhancement resistance to apoptosis, slowing of gastric emptying, and glucose-dependent inhibition of glucagon secretion.[12] However, due
to its short half-life, the clinical application of glucagon-like peptide-1 is
restricted.[13] Shortened glucagon-like peptide-1 is a glucagon-like peptide-1
analog with a composition of 26 amino acids. Five amino acids from
glucagon-like peptide-1 C-terminus are deleted to destruct binding domain
with clearance receptor to prolong the half-life. Hence, the shortened

Figure 1.

Schematic of capillary isoelectric focusing-whole column imaging.

INSTRUMENTATION SCIENCE AND TECHNOLOGY

547

glucagon-like peptide-1 is more effective in decreasing blood glucose and
promising for the treatment of type 2 diabetes.[14]
As important information for quality control of shortened glucagon-like
peptide-1, the isoelectric point determination plays a key role. In this study,
the capillary isoelectric focusing-whole column imaging detection method
was used to determine the isoelectric point of shortened glucagon-like
peptide-1. Different experimental factors were investigated. The accuracy
and precision of capillary isoelectric focusing-whole column imaging
detection method were also examined.

Materials and methods
Instrumentation

The capillary isoelectric focusing-whole column imaging detection was
performed on the CEInfinite instrument (Advanced Electrophoresis
Solutions, ON, Canada). The cartridge was a 50 mm × 100 µm internal
diameter silica capillary with fluorocarbon coating inside. Two pieces of
3 mm dialysis hollow fiber membrane were fixed at the ends of the separation
cartridge. The system was equipped with a complementary metal-oxidesemiconductor camera for whole column optical absorption imaging.
Materials

Shortened glucagon-like peptide-1 was obtained from Dili Biological
Engineering (Dalian, China). Carrier ampholytes (pH 3-10) and markers
(isoelectric point 4.22, 4.65, 5.91, 6.14, 7.05, 7.40, 7.90, 9.22) were provided
by Advanced Electrophoresis Solutions (ON, Canada). Reference peptides
(isoelectric point 6.40, 7.00, 8.40) were purchased from Bio-Rad (Hercules,
CA, USA). Urea and sucrose were obtained from Guangzhou Chemical
(Guangzhou, China). Glycerol were purchased from Beijing Chemical
(Beijing, China). Water used in the experiments was prepared by a Milli-Q
system (Millipore, Bedford, MA, USA).
Sample preparation

The concentration of shortened glucagon-like peptide-1 was 0.2 mg/mL in
phosphate buffer. To prepare shortened glucagon-like peptide-1 for analysis
with capillary isoelectric focusing-whole column imaging, 50 µL of shortened
glucagon-like peptide-1 were mixed with 2 M urea, carrier ampholytes and
two markers (isoelectric point 4.22, 4.65) to make a final volume of 200 µL.
The sample was centrifuged for 1 min at 13,200 rpm and the supernatant
liquid was used for analysis.
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Isoelectric focusing and calculation of isoelectric point

The samples were injected by an autosampler and the injection volume was
50 µL. A total of 0.1 M phosphoric acid and 0.1 M sodium hydroxide were
used as the anolyte and catholyte, respectively. The initial focusing voltage
was set as 1000 V for 1 min followed by 2000 V for 2 min, and then the
voltage was altered to 3000 V and maintained for 4 min. During this period,
complementary metal-oxide-semiconductor camera as imaging detector
recorded the process of isoelectric focusing every 20 s. The detection wavelength was set to 280 nm. Two markers with known isoelectric point values
were used as calibration points and the isoelectric point of sample was
calculated according to the distance from anode to focused zones.
Accuracy

The accuracy of the capillary isoelectric focusing-whole column imaging
detection method was determined by analyzing reference peptide samples
with isoelectric point values of 6.40, 7.00, and 8.40. These peptides were mixed
with carrier ampholytes (pH 3–10) and corresponding markers, respectively.
The mixtures were centrifuged for 1 min at 13,200 rpm and the supernatants
were used for analysis. Each reference peptide sample was analyzed thrice and
the biases of the mean isoelectric point values from the reference values served
as the measures of accuracy.
Repeatability

The intra- and inter-assay precisions were used to assess analytical method
repeatability. The reference peptide samples used in these tests and the
preparations of analytical samples were as same as the accuracy experiments.
The intra-day precision was estimated by six replicate analyses in one day and
the inter-day precision was evaluated by six replicate analyses in 6 days (one
per day).
Results and discussion
Isoelectric focusing process

Peptide (isoelectric point 7.00) and two markers (isoelectric point 6.40 and
8.40) were focused from anolyte and catholyte sides to their respective
isoelectric point position. The dynamic focusing process was recorded by a
complementary metal-oxide-semiconductor camera every 20 s and the typical
imaging at times 0, 40, 100, and 140 s are shown in Figure 2. The real-time
scanning greatly reduced the analytical time. In this case, the focusing was
completed within 3 min. Another advantage of capillary isoelectric focusingwhole column imaging was that the real-time scanning eliminated possible
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Figure 2. Imaging of the capillary isoelectric focusing process at the time (a) 0 s, (b) 40 s,
(c) 100 s, and (d)140 s. The scanned distance from anode to cathode was 50 mm; analyte mixtures
including one peptide sample (5 µg/mL) and two makers (2 µg/mL each) with isoelectric point
6.40 and 8.40 in ampholyte (pH 3-10) buffer.

error induced by the diffusion of focused zone when pushed though the
detection point.
Accuracy

Three peptides (isoelectric point 6.40, 7.00, 8.40) were prepared separately to
assess the accuracy of isoelectric point determination. Markers as internal
standards were added to calibrate the isoelectric point scale for each measurement and the distance from anode to focused zone was determined to calculate the isoelectric point of reference peptide. For the reference peptide
(isoelectric point 7.00), the mean value for three measurements was 7.05 with
a bias of 0.57%. The calculated isoelectric point values for another two
peptides (reference isoelectric point 6.40 and 8.40) were 6.52 and 8.36,
respectively. The biases between test values and the reference values were both
within 2% (Table 1). The coefficients of variation for assays were from 0.08 to
0.14%. These results show the high accuracy of isoelectric point measurements using capillary isoelectric focusing-whole column imaging.
Table 1. Accuracy assessment for isoelectric point determination using capillary isoelectric
focusing-whole column imaging detection. Three peptides (2 µg/mL) with isoelectric points of
6.40, 7.00, and 8.40 were used as references. The pH range of ampholytes was 3–10.
Reference isoelectric point
6.40
7.00
8.40

Mean (n = 3)

Coefficient of variation (%)

Bias (%)

6.52 ± 0.01
7.04 ± 0.01
8.36 ± 0.01

0.09
0.14
0.08

1.93
0.57
−0.52
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Repeatability

To assess the repeatability of the capillary isoelectric focusing-whole
column imaging, peptides with isoelectric points of 6.40, 7.00, and 8.40 were
determined consecutively. Typical electropherograms for consecutive injections of peptide (isoelectric point 7.00) are given in Figure 3 and the precision
values are shown in Table 2. The coefficients of variation values for intra- and
inter-day replicate analyses were both less than 0.25%, which demonstrates
that the repeatability of capillary isoelectric focusing-whole column imaging
was excellent.
Isoelectric point of shortened glucagon-like peptide-1

The capillary isoelectric focusing-whole column imaging was used to detect
the isoelectric point of shortened glucagon-like peptide-1. Unfortunately,
satisfactory results were not obtained was due to the hydrophobicity of
shortened glucagon-like peptide-1. Precipitation of protein and peptide at
isoelectric point may affect the stability of sample and, by extension, the
measurement of isoelectric point.
To address this problem, solubilizers including urea, glycerol, and sucrose
were added to increase the solubility of shortened glucagon-like peptide-1.
The results are showed in Figure 4. The addition of 2 M urea, 20% (v/v)
glycerol and 10% (w/v) sucrose provided better results than in the absence
of solubilizer. The sharpest peaks and highest response for shortened

Figure 3. Replicate electropherograms of the reference peptide (isoelectric point 7.00, 2 µg/mL)
determined by capillary isoelectric focusing-whole column imaging (n = 6). Markers with isoelectric points of 6.14 and 7.40 were used to calibrate the isoelectric point scale. The pH range of
ampholytes was 3–10.
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Table 2. Intra- and inter-day precision of isoelectric point determination by capillary isoelectric
focusing-whole column imaging. Three peptides (2 µg/mL) with isoelectric point 6.40, 7.00 and
8.40 were used as references. The pH range of the ampholytes was 3–10.
Mean (n = 6)
Reference isoelectric point
6.40
7.00
8.40

Coefficient of variation (%)

Intra-day

Inter-day

Intra-day

Inter-day

6.51 ± 0.01
7.04 ± 0.01
8.36 ± 0.01

6.51 ± 0.02
7.05 ± 0.02
8.36 ± 0.01

0.12
0.11
0.08

0.24
0.22
0.10

glucagon-like peptide-1 were obtained in the presence of urea. The concentration of urea influenced the determination of the analyte as shown in
Figure 5. When the concentration of urea was 2 M, improved repeatability
and satisfied peak width at half height were achieved compared to the
addition of 1 M urea. However, there were no significant improvement in
the results by addition of urea concentrations from 3 to 8 M. hence, 2 M urea
was selected to be the solubilizer due to its slightly narrower peak width at half
height.
The determination of the isoelectric point of shortened glucagon-like
peptide-1 was performed at a low concentration of 50 µg/mL. Two markers
with isoelectric point values of 4.22 and 4.65 were added for calibration.
The isoelectric point of shortened glucagon-like peptide-1 was determined
thrice and the values were 4.49, 4.50, and 4.49, respectively (Figure 6). The
average isoelectric point value was 4.49, which was similar to the theoretical
value 4.40 calculated by ExPASy software with a coefficient of variation of
only 0.13%. These results show that the addition of urea increased the stability

Figure 4. Effect of various solubilizers to the isoelectric focusing of shortened glucagon-like
peptide-1 (sGLP-1). Sample preparation, the sGLP-1 was mixed with ampholytes (pH 3-10) to a
final concentration of 50 µg/mL: (a) no solubilizer, (b) 10% (w/v) sucrose, (c) 20% (v/v) glycerol,
and (d) 2 M urea.
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Figure 5. Effect of various urea concentrations on the isoelectric focusing of shortened
glucagon-like peptide-1(sGLP-1). The sGLP-1 concentration was 50 µg/mL in ampholytes (pH 3-10).
The final concentrations of urea were from 1 to 8 M (a to g).

of shortened glucagon-like peptide-1 and improved the repeatability and
response intensity. The determination of the isoelectric point of shortened
glucagon-like peptide-1 by capillary isoelectric focusing with whole
column imaging was very rapid. The analysis in a few minutes of the isoelectric point for proteins and peptides is highly convenient allows high
throughput.

Figure 6. Isoelectric point of shortened glucagon-like peptide-1 determined by capillary
isoelectric focusing-whole column imaging (n = 3). 50 µg/mL of shortened glucagon-like
peptide-1 (sGLP-1) was in ampholyte (pH 3-10). The solubilizer was 2 M urea and the isoelectric
points of the calibration marker were 4.22 and 4.65.
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Conclusion
Unlike traditional electrophoresis, capillary isoelectric focusing-whole column
imaging avoids the diffusion of sample zone caused by mobilization and
provides more reliable result. The dynamic focusing process is scanned in
real-time, which is helpful for visualization of protein separation mechanisms
and characterization of the desired separation.[4] Also, compared with other
electrophoresis methods, the detection time is significantly reduced.
In this study, capillary isoelectric focusing-whole column imaging was
shown to accurately measure the isoelectric points of proteins and peptide.
Moreover, the isoelectric point values showed no significant changes for replicate injections. The isoelectric point of shortened glucagon-like peptide-1
was difficult to measure due to its hydrophobicity. However, the addition
of 2 M urea enhanced the solubility of shortened glucagon-like peptide-1,
so narrower peak width at half height and better repeatability were observed.
The determined isoelectric point value of shortened glucagon-like peptide-1
was 4.49, which was similar to its theoretical value.
Furthermore, the development of analytical condition was more convenient
and simpler than previous approaches due to the reduced analysis time. This
study has demonstrated that capillary isoelectric focusing-whole column
imaging may be used to provide high performance, high throughput, high
resolution, and reproducible protein or peptide analysis. Capillary isoelectric
focusing-whole column imaging has been applied for the separation and
determination of complex samples,[15,16] protein stability research,[17]
molecular mass estimate,[18] and characterization of drugs and proteins
interactions,[19,20] which may be a promising alternative to traditional
isoelectric focusing detection.
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