Convective Interaction Media CIM® are polymer-based monolithic supports
which were introduced for chromatographic analyses, in-process control, solid
phase extraction and purification of target biomolecules, both on an analytical
and on a preparative scale1, 2. CIM supports allow high-resolution separations
which can be carried out within seconds in the case of analytical units. This
is due to predominantly convective mass transport of biomolecules between the
mobile and stationary phases and very low dead volume of the separation unit.
One of the main concerns arising in the last few years was the batch-to-batch
reproducibility in the manufacturing of the monoliths and possibility to use
the monolithic supports for validated analytical methods. The batch-to-batch
reproducibility of product preparation as well as its stability during the
analytical work should be good enough to fulfill all the requests needed for
a validated analytical method. To demonstrate that this is possible we have
selected one complex example – the determination of impurities in
immunoglobulins (IgGs) where a multidimensional, so called CLC (Conjoint
Liquid Chromatography), approach combining the ion exchange and affinity
chromatography was needed to properly analyze the sample.

was eluted by increasing ionic strength with 0.08 M NaCl and Albumin was
eluted with 0.2 M NaCl. However, these conditions had to be reoptimized in
CLC mode after the two Protein G disks have been added. In CLC mode
0.1 M NaCl was necessary for the elution of Transferrin and 0.3 M NaCl for
the elution of Albumin. The reason for this adjustment can be the effect of
dilution, because two Protein G disks were placed before QA disk and elution
buffer had to pass through CIM Protein G disks before reaching QA disk. In
the end, IgGs were eluted by decreasing pH value to 2.7.
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It is important to point out that the same column has been used for all the
injections during the method development and optimization, resulting in more
than 200 injections of different samples.
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MATERIALS AND METHODS
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IG-1 sample

Transferrin, semi saturated with iron was purchased from Sigma Chemicals
Co. (St. Louis, MO, USA).

Binding buffer: 20 mM Tris-HCl, pH 7.0
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IgG concentrates (IG-1) were from R&D, Octapharma, Vienna, Austria.

Table 1:
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Therefore, two CIM Protein G disks and one CIM QA disk were placed in
series in one housing. Binding conditions were optimized in a way that IgGs
bound on CIM Protein G disks while Transferrin and Albumin were separated
on a CIM QA disk. A complete separation of all three proteins was achieved
in five minutes.

Human serum Albumin (HSA) was purchased from Behringwerke AG
(Marburg, Germany).

Reproducibility of the method: Reproducibility was tested by applying the
sample on the column in five consecutive runs. Regeneration procedure was
performed after every run. Peak areas of Transferrin and Albumin were
integrated and results are presented in Table 1.

As an example in Figure 1 the separation of IgG concentrate – IG-1 is presented.
All three peaks have been collected and further analyzed by using SDS-PAGE
(see Figure 2).
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Reproducibility of the CIM disk preparation: In Table 2 the batch-to-batch
reproducibility in CIM QA disk production is presented. The reproducibility has
been tested by performing test chromatogram using standard protein solution of
Myoglobin, Conalbumin and Soybean Trypsin Inhibitor (STI) under linear gradient
conditions and by capacity determination using Human Serum Albumin.
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Figure 1: Separation of IG-1 sample on CIM Protein G and CIM QA disks.
Binding buffer: 20 mM Tris-HCl pH 7.0; elution buffer I: 20 mM
Tris-HCl, 1 M NaCl, pH 7.0; elution buffer II: 0.1 M Glycine-HCl pH 2.7;
flow rate: 4 ml/min; sample concentration: 4 mg IG-1/250 µl of binding
buffer. Peak 1: Transferrin, peak 2: Albumin, peak 3: IgGs.

Table 2:
Batch No.

Elution buffer I: (for anion-exchange mode): 20mM Tris-HCl + 1MNaCl pH 7.0

Myoglobin
Retention
time/s

Conalbumin
Retention
time/s

STI
Retention
time/s

Capacity
mg HSA/ml

Production
date

Elution buffer II: (for affinity mode): 0.1 M Glycine-HCl buffer pH 2.7

GE01E104

6.5

19

29.5

25.2

6. June 2000

Regeneration procedure: The monolithic column was washed after each
injection with 0.1 M Tris-HCl, 0.5 M NaCl pH 8.0 (20 CV) and followed by
0.1 M acetic acid, 0.5 M NaCl, pH 3.5 (20 CV). Before the next analysis, the
monolithic column was equilibrated with the binding buffer.

GE01B108

7

20

30

24.8

30. June 2000

GE01B109

7

20

30

23.6

30. June 2000

GE01B111

6.5

19

29

25.0

19. Sept. 2000

GE01B117

7

19

30

25.7

28. Dec. 2000

GE01B119

7

18.5

30.5

25.2

14. Feb 2001
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17. April 2001

GE01B124
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22. May 2001

29.875
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S = starting material
1 = peak 1 (see Figure 1)
2 = peak 2 (see Figure 1)

Sample: 50 mg/ml IgG concentrate from Octapharma (IG-1) spiked with
0.05–0.6 mg/ml Transferrin and 0.05–0.6 mg/ml Albumin. Sample was diluted
1:2 with binding buffer and desalted on PD10 columns against the binding
buffer. Due to the gel filtration on PD10, sample was additionally diluted
approximately 1.4 times and the final concentration of IgGs was about
16–17 mg/ml and the concentration of Transferrin and Albumin was from
17–200 µg/ml. Before applying on CIM disk monolithic column, samples were
filtrated over a 0.22-µm filter.

3 = peak 3 (see Figure 1)
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Sample volume: 250 µl

LC System: A BioLogic gradient LC system, consisting of two biocompatible
pumps, an injection valve with a 50 µl polyether ether ketone (PEEK) sample
loop, a UV detector (280 nm), conductivity detector and a controller, was from
Bio-Rad (Hercules, CA, USA). Integration of peak areas was performed by
using the EZLogic Chromatography Analysis Software from Bio-Rad, too.
Gradient conditions: After injection, disks were washed with binding
buffer (2 ml); Transferrin was eluted with 3.6 ml of 0.1 M NaCl; Albumin with
3.6 ml of 0.3 M NaCl. Finally, IgGs were eluted with 10.8 ml of 0.1 M
Glycine-HCl buffer, pH 2.7.

S

After the separation conditions have been successfully optimized our goal was
to verify the method to be used for quantitative work. Samples of Transferrin
and Albumin were prepared in the concentration range 0.05–0.6mg/ml, injected
on the CLC monolithic column and resulting peak areas of Transferrin and
Albumin were integrated (see Figure 3).

In our application two affinity and one anion-exchange disks were combined.
Such a combination allowed complete separation of IgGs, Albumin and
Transferrin in one step: IgGs were bound on the CIM Protein G disks while
Albumin and Transferrin were bound and separated on a CIM QA disk. To
increase the method sensitivity two Protein G disks were used. Before the
disks were combined in one cartridge an appropriate optimization of each
chromatographic step, anion exchange and affinity, was performed. Transferrin
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CONCLUSION
• Method combining CIM affinity and ion-exchange
chromatography in one step has been used to
determine impurities in IgG samples. Method is
convenient for highly concentrated IgG products
(50 mg/ml) which contain impurities in the range of
0.05–1.0 mg/ml.
• Relative standard deviation for Transferrin was
2.0% while the same data for Albumin was 5.0%.
• Batch-to-batch reproducibility in the manufacturing
of the CIM monoliths is below 5%.
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• CIM monolithic column can withstand several
hundred injections without any change in the performance.
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It can be concluded that by using CLC, complete separation of IgGs,
Transferrin and Albumin has been achieved in one step within five minutes.

Area [mAU*sec]

Conjoint Liquid Chromatography (CLC), first described by Strancar et al.1
is a simple and fast method combining different modes of chromatography
in one step. Several disks with different types of ligands can be placed in series
in one housing and the resulting monolithic column can be used for
multidimensional chromatography.
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Figure 2: 4–15% SDS-PAGE of separated IG-1 sample and fractions 1–3
(see Figure 1); S: starting material, 1: Transferrin, 2: Albumin incl.
Aggregates, 3: IgGs.

Run time: 5 minutes. However, depending on the technical possibilities of
the LC system (time constant of detector, short connection from injection to
detector), this time scale can be further shortened.

RESULTS
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Columns: CIM® disk monolithic columns bearing strong, quaternary amine,
anion exchange groups (CIM® QA disk) and Protein G ligands (CIM®
Protein G disk) were from BIA Separations (Ljubljana, Slovenia). Two CIM
Protein G disks and one CIM QA disk were placed in a CIM housing (as well
from BIA Separations) which was than attached to the LC system. Disks were
regenerated after each chromatographic run as described above. Before new
injection of the sample, they were equilibrated using binding buffer until
baseline was reached. Flow rate in all experiments was 4 ml/min.
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Figure 3: Calibration curves of Transferrin and Albumin: Seven different
concentrations, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mg/ml of Transferrin
and Albumin were applied on CIM disk monolithic column (consisting
of two Protein G and one QA disk). The calibration curve for Transferrin
is presented in Fig. 3 A and for Albumin in 3 B, correlation coefficients
(r) were 0.9935 and 0.9916, respectively.

• From the presented results it can be concluded that
even very complex analytical methods based on
CIM monolithic supports are very stable and can be
successfully validated.
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