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Introduction 
Size exclusion chromatography (SEC) in an aqueous mobile phase,
commonly referred to as gel filtration chromatography (GFC), is a
powerful tool for the analysis of biological polymers like peptides, 
proteins and nucleic acids.  Characterization of proteins and 
antibodies during the development and quality control of new 
biological medicines is very important in the biopharmaceutical 
industry.  TSKgel SW-type SEC columns are also routinely employed
in proteomics, where the ability to detect very small amounts of pro-
teins is a critical need. TSKgel SuperSW3000 microbore columns
(1mm ID and 2mm ID) were developed to provide optimum efficiency,
excellent sensitivity and high recovery for the analysis of trace
amounts of proteins.

TSKgel SuperSW3000 columns are packed with 4µm spherical 
silica particles. As the popular TSKgel SW and SWXL-type columns,
TSKgel SuperSW3000 columns are functionalized with hydrophilic diol
groups.  They offer low adsorption and a well-defined pore size 
distribution necessary for high performance size exclusion 
chromatography.  The 4µm particle size of the TSKgel SuperSW3000
columns, coupled with a narrow column diameter, are valuable for
applications where sample quantity is limited and both increased reso-
lution and high sensitivity are needed, as in proteomic applications.
Additionally, the smaller particle size results in 20% more theoretical
plates per column than a 5µm TSKgel G3000SWXL column of the
same length.  This benefit can be used to either shorten run times or
to take advantage of higher resolution.  The narrower bore column
diameters make the TSKGEL SuperSW3000 columns compatible with
LC/MS applications.

Results 
Figure 1 shows a comparative separation of several standard proteins
at low level concentrations on a 2mm ID TSKgel SuperSW3000 
column and on a competitive GFC column.  As the results reveal, 
the TSKgel SuperSW3000 column is an excellent choice for the rapid
separation of proteins at trace levels.

A 1mm ID TSKgel SuperSW3000 column was used to analyze 
proteins in human serum.  A fraction of interest was then analyzed by
off-line SELDI/TOF/MS to establish the presence of BSA aggregates
and IgG.   Figure 2 demonstrates the applicability of TSKgel
SuperSW3000 columns for the trace analysis of biological 
components by LC/MS analysis.

Conclusion 
TSKgel SuperSW3000 microbore columns were developed for the
trace analysis of proteins.  These columns offer increased resolution,
excellent sensitivity and high recovery - necessary characteristics for
proteomic applications.  Available in 1mm ID and 2mm ID with 4µm
silica particle size, the TSKgel SuperSW3000 columns are an 
excellent fit for LC/MS analyses. Like TSKgel SW and SWXL-type
columns, the TSKgel SuperSW3000 columns will exhibit long 
lifetimes and good reproducibility.

The Characterization of Biological Samples 
by Microbore TSKgel® SuperSW3000 Size 
Exclusion Columns
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Column:               TSKgel SuperSW3000 (2mm ID x 30cm)
Flow rate:            65µL/min
Linear velocity:   124cm/h
N:                          30,000

Column:                Superdex 200PC 3.2/30 (3.2mm ID x 30cm)
Flow rate:             40µL/min
Linear velocity:    30cm/h
N:                           11,000

TSK-GEL SuperSW3000

Superdex 200PC

Figure 1. Separation of Standard Proteins

Figure 2. Separation of Human Serum Proteins

Eluent:    0.1mol/L phosphate buffer + 0.1mol/L Na2SO4 
  + 0.05% NaN3 (pH 6.7)
Injection volume:  0.2µL
Detection: UV@280nm
Temperature: 25ºC
Samples: 1. thyroglobulin (1.0mg/mL)  
  2. γ-globulin (2.0mg/mL)
  3. ovalbumin (2.0mg/mL) 
  4. ribonuclease A  (3.0mg/mL)  
  5. p-aminobenzoic acid (0.02mg/mL)
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Fraction (1 mL) was directly loaded to SELDI chip H50. The chip was washed 
and desalted, then applied to MS. This data is the courtesy of Dr. Majima Protenova.

Note: Both columns were operated at their recommended flow rates.
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Abstract 

TSKgel SuperSW3000 columns are stable under typical SEC
conditions used for the analysis of proteins. High column efficiency 
is maintained by protecting the analytical column with a short guard
column and by periodic guard column replacement.

Introduction 

In SEC, resolution can be improved only by increasing the number of
theoretical plates or by increasing pore volume. After maximizing pore
volume, Tosoh researchers have most recently focused on improving
the efficiency of silica-based SEC columns by reducing particle size
from 10 to 5µm1,2 The latest generation columns, TSKgel SuperSW,
contain spherical, 4µm particles3. Similar to the popular TSKgel SWXL
and SW columns, the TSKgel SuperSW2000 and SuperSW3000
columns are bonded with a glycol ether–type bonded phase,
resembling the well-known diol functional groups1. 

Although much is known about the stability of reversed phase
columns4, few authors, with the exception of Stout et al.5, have studied
the lifetime of size exclusion columns. 

This study provides an initial investigation concerning the stability of
the TSKgel SuperSW3000 column under standard operating
conditions.

Experimental Conditions 

Stability studies were performed with a 4.6mm ID x 30cm stainless
steel TSKgel SuperSW3000 column, packed with spherical 4-µm
particles containing 250Å pores. The experiment was run by injecting
a standard mixture of proteins every 20 minutes and measuring
column efficiency after every 5–10 injections during the first 500
injections. After 500 injections, efficiency was checked roughly every
100 injections. Fresh mobile phase was made throughout the duration 
of the study. 

Protein standards and buffer reagents were obtained from Sigma (St.
Louis, MO). The void volume marker p-aminobenzoic acid (PABA) was
obtained from Eastman Kodak (Rochester, NY). Standard HPLC
equipment was used to perform all experiments. 

The analytical column was protected by a 4.6mm ID x 3.5cm TSKgel
SuperSW guard column, filled with SuperSW3000 packing material at
all times. A total of seven guard columns were used during the course
of this 4000-injection study. The frequency of replacement was on an
as-needed basis, determined by a drop in efficiency or a sudden
increase in back pressure.

Results 

A sample chromatogram at the start of the experiment is shown
in Figure 1. The globular proteins γ-globulin, ovalbumin and
cytochrome C are well separated from each other and from
p-aminobenzoic acid, which was used as the efficiency marker.
Efficiency of the guard column plus analytical column was determined
at selected intervals during the more than 4000 injections
of this experiment. Figure 2 shows how the number of
theoretical plates varied as a function of the number of injections.
An average efficiency of more than 24,000 plates +12% was
achieved throughout the study. Note that efficiency declined several
times during the course of the study, as indicated by the triangular
symbols in Figure 2. In all cases, the decline in efficiency was 
reversed by replacing the guard column with a fresh one. Given
that it was outside the scope of this study, we did not investigate
whether the drop in efficiency was related to a void or channel
formation, uneven distribution of the sample over the top of the
(guard) column, or buildup of debris from the pump, injector, insoluble
sample, or mobile phase components. When excluding the runs prior
to the guard column changes from the data set, the average efficiency
over the duration of the experiment was 26,000 plates +4.6%. This
improvement indicates the importance of changing the guard column
on a regular and frequent basis to continue to achieve optimum
column performance. Obviously, the longevity of any column depends
on many factors, including mobile phase, sample conditions and
other system factors. Although a lifetime of 4000 injections with a
TSKgel SuperSW column is not guaranteed, a lifetime of 700–1000
injections has been reported without the use of a guard column6.

Stability of TSKgel SuperSW3000 Columns 
for Analyzing Proteins by SEC
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Figure 1. Protein test mixture to assess column stability.

TOSOH BIOSCIENCE

Column: TSKgel SuperSW3000, 4.6mm ID x 30cm 
Guard column: TSKgel SuperSW3000, 4.6mm ID x 3.5cm 
Injection: 5µL 
Eluent: 0.1M phosphate buffer, 0.1M Na2SO4, 0.05% NaN3

Flow: 0.35mL/min 
Temperature: ambient 
Detection: 280nm, 1µL cell volume, 0.2 second response time 
Peaks: 1 = impurity

2 = g-globulin (156 kDa, 1mg/mL) 
3 = ovalbumin (43 kDa,1mg/mL)
4 = cytochrome C (12.4 kDa, 0.5mg/mL) 
5 = PABA (137 Da, 0.01mg/mL) in mobile phase
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Conclusion

The TSKgel SuperSW3000 column maintains its performance and
longevity if the proper preventative maintenance of changing the guard
column, when needed, is performed .
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Figure 2. Variation of column efficiency with injection number. Column,
guard column and other conditions as in Figure 1. Data points indicate
sample injection to determine column efficiency and other parameters. Red
triangles indicate guard column replacement due to either a drop in efficiency 
or an increase in pressure drop.
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Introduction 

Desalting is a process that removes or reduces the salt concentration
from a liquid stream or a collected fraction. In hydrophobic interaction
(HIC), ion exchange (IEC), and size exclusion chromatography (SEC),
proteins elute at high or elevated salt concentration. While various
desalting techniques are available, desalting on the basis of size
exclusion chromatography is widely used in biochemical 
laboratories. 

A low MW exclusion limit, a large pore volume, and a high degree of
hydrophilicity are the most desirable characteristics of desalting
columns. Salts need full access to all pores, while proteins and other
high MW species must be excluded from entering the pores and elute
in the void volume as a narrow concentrated peak. Columns packed
with conventional packing materials such as dextran, cellulose and
polyacrylamide have limited physical stability and cannot withstand the
pressure needed to speed up the desalting process. Recently, using a
continued crosslinking process, Tosoh scientists have successfully
increased the mechanical strength of polyacrylamide gel by four-fold
over that of conventional gels thereby reducing the timescale of
desalting to less than 10 minutes.

TSKgel BioAssist DS columns contain spherical 15 µm 
polyacrylamide particles* that are packed in 4.6 mm ID x 15 cm 
and 10 mm ID x 15 cm PEEK columns. These TSKgel columns are
designed for the desalting and buffer exchange of proteins and
polynucleotides at analytical (4.6 mm ID) and semi-preparative 
(10 mm ID) scale. Either column can be operated safely up to 4 MPa
(40 bar or 600 psi).

Figure 1 shows the calibration curve of a 6 mm ID x 15 cm TSKgel
BioAssist DS column using polyethylene glycol standards and a water
mobile phase. As in all self-respecting SEC columns, the pore volume
is larger than the volume in between the particles. The molecular
mass cut-off (exclusion limit) for PEGs is about 2500. Results similar
to those shown in Figure 1 can be obtained on the commercially 
available 4.6 mm x 15 cm and 10 mm ID x 15 cm TSKgel BioAssist
DS columns.

Experimental Conditions 

HPLC System: Agilent 1200 with Chemstation (ver B.04.01)
Column: : TSKgel BioAssist DS, 15 µm, 4.6 mm ID x 15 cm 

and 10 mm ID x 15 cm
Mobile phase: 10 mmol/L KH2PO4/Na2HPO4, pH 6.7, 10 mmol/L

Na2SO4 + 0.005% NaN3
Flow rate: 0.8 mL/min (4.6 mm ID) and 1.0 mL/min (10.0 mm ID)
Detection: UV @ 280 nm and RI
Temperature: ambient
Injection vol.: 10 µL

All chemicals and standards were of electrophoretic or analytical
grade and were obtained from Sigma-Aldrich. Before injection, 
standards and samples were filtered through a 0.45 µm PVDF filter.

A Novel Desalting Column With High Mechanical
Strength for Faster Desalting of Proteins
Atis Chakrabarti, Ph.D., Technical Service Specialist 
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Column:  Prototype TSKgel BioAssist DS column, 6 mm ID x 15 cm
Mobile phase: DI H2O
Flow:   0.5 mL/min
Samples:  ethylene glycol, PEGs

Figure 1. Calibration curve of TSKgel BioAssist DS desalting column

* US Patent 7,659,348,



Results and Discussion 

Figure 2 demonstrates the rapid and reproducible desalting of a large
number of proteins (see Table 1) at semi-preparative scale using a
TSKgel BioAssist DS, 10 mm ID x 15 cm column. In this application
the salt concentration of the proteins was reduced 10-fold from 0.1 to
0.01 mol/L. The reproducibility of the separation was determined by
measuring the plate number of the ribonuclease A peak for four 
injections of various sample loads. The % RSD value (n=4) was less
than 5% for a 1.5 mg injection. At this load, the resolution between
ribonuclease A and the salt peak was larger than 6. At 1.95 mg load 
of ribonuclease A, the resolution between the protein and salt peak
was 4.3. Note that the analysis is complete within 10 minutes.
In a similar study performed on a 4.6 mm x 15 cm TSKgel BioAssist
DS column the resolution for a 1.95 mg load of ribonuclease A was
larger than 2 at the high flow rate of 0.8 mL/min. 

Conclusions 

TSKgel BioAssist DS columns are designed for desalting of proteins
and polynucleotides at analytical and semi-preparative scale. 
The novel highly cross-linked, hydrophilic, polyacrylamide beads 
showed excellent mechanical strength compared with conventional 
polyacrylamide beads and cross-linked dextran beads. This 
study demonstrated that the TSKgel BioAssist DS columns can 
be effectively used for desalting a large sample load in less than 
10 minutes.
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Protein MW (kDa) Concentration*
(g/L approx.)

ribonuclease A 14.7 19.5

thyroglobulin 670 11.3

γ-globulin 150 14.5

ovalbumin 45

25.6

13.1

α-chymotrypsinogen 13.1

β-lactoglobulin 18.4 10.8

lysozyme 14.7 11.6

myoglobin 16.7 14.5

cytochrome C 12.3 11.0

hemoglobin 68 11.9
*in 100mmol/L Phosphate buffer, pH 6.7

Table 1. 

Proteins in 0.1 mol/L phosphate buffer, pH 6.7
Mobile phase:  0.01 mol/L KH2PO4/Na2HPO4, 
  pH 6.7, 0.01 mol/L Na2SO4 + 0.05% NaN3
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Figure 2. Desalting of proteins using a 15 µm, 10 mm ID x 15 cm TSKgel 
BioAssist DS column



Detection of Protein Heterogeneity by HPLC TSKgel
applicaTion noTe

Introduction 

Protein heterogeneity is generated by post-translational modification,  
decomposition, and a variety of other processes, including chemical  
modification, denaturation, and aggregation. Since antibodies and  
recombinant proteins are now widely used for therapeutic treatment, it is 
essential to evaluate their heterogeneity during development, stability testing, 
and in the quality control of the final product. Analysis of the aggregates and 
denatured proteins is also important because they might increase the risk of 
anaphylaxis or immunoreaction.  

The detection and separation of protein heterogeneity by HPLC can be  
performed using four different modes of TSKgel chromatography columns: 
Size Exclusion (SEC), Reversed Phase (RPC), Ion Exchange (IEX) and 
Hydrophobic Interaction (HIC). In this application note, the use of a TSKgel 
Protein C4-300 reversed phase column is shown to be applicable for the 
evaluation of protein heterogeneity.  The silica-based, wide pore 300 Å TSKgel 
Protein C4-300 column packed with 3 µm particles is optimized for the  
separation of large biomolecules such as proteins.

Experimental Conditions 

Conditions for SEC
Column:  TSKgel G3000SWXL, 7.8 mm ID x 30 cm x 2
Mobile phase:  20 mmol/L phosphate buffer, pH 7.0 + 0.3 mol/L NaCl
Flow rate:   1.0 mL/min
Temperature:  25° C 
Sample:   monoclonal antibody (human IgG1)

Conditions for RPC
Column:  TSKgel Protein C4-300, 4.6 mm ID x 15 cm
Mobile phase: A: 0.05% TFA in water
   B: 0.05% TFA in acetonitrile
Gradient:   0 min (5% B), 20 min (50% B)
Flow rate:   1.0 mL/min 
Temperature:  70° C  
Sample:   monoclonal antibody (human IgG1) 
 
Results and Discussion 

Figures A & B show the analysis of antibody fragments.  The monoclonal 
antibody human IgG1 was first papain digested and separated using a TSKgel 
G3000SWXL SEC column (Figure A). The intact form of the antibody, partially 
digested fragments, and completely digested fragments were separated on 
the basis of molecular size.

Two fractions were obtained from the SEC analysis and each fraction was 
analyzed with the TSKgel Protein C4-300 reversed phase column, as shown in 
Figure B. Several peaks were observed in each chromatogram of the analysis 
of Fc (fragment 1) and Fab (fragment 2), indicating that the antibody used in 
this study was heterogeneous in hydrophobicity. 

For figure conditions, see experimental conditions section.

Conclusions 

TSKgel columns of IEC, SEC, HIC, and RPC modes are excellent choices to 
determine protein heterogeneity. The TSKgel Protein C4-300 column, which 
has a large pore size of 300 Å, is suitable for highly-efficient, reversed phase 
separations of proteins such as recombinant proteins, antibody fragments or 
PEGylated proteins.
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Conditions for SEC
Column:    TSKgel G3000SWXL, 7.8 mm ID x 30 cm x 2
Mobile phase:  20 mmol/L phosphate buffer, 
  pH 7.0 + 0.3 mol/L NaCl
Flow rate:    1.0 mL/min
Temperature:  25°C 
Sample:   monoclonal antibody (human IgG1)

Conditions for RPC
Column:    TSKgel Protein C4-300, 4.6 mm ID x 15 cm
Mobile phase A:  0.05% TFA in water
Mobile phase B:  0.05% TFA in acetonitrile
Gradient:   5% B (0 min), 50% B (20 min)
Flow rate:   1.0 mL/min 
Temperature:  70°C  
Sample:   monoclonal antibody (human IgG1)
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Figures A & B.  Analysis of antibody fragments 



TSKgel® G3000SWXL Columns for the  
Reproducible Analysis of Monoclonal  
Antibodies and Proteins

TSKgel
applicaTion noTe

Introduction 

Gel Filtration Chromatography (GFC) is popular among biochemists for the 
isolation of proteins and monoclonal antibodies. With 5 μm particles and 250 Å 
pores, TSKgel G3000SWXL columns are an excellent choice for small protein 
and peptide separations. TSKgel SWXL columns feature rigid spherical silica 
particles, the surface of which has been shielded from interacting with proteins 
by chemical derivatization with ligands containing proprietary diol functional 
groups. Tosoh’s proprietary surface chemistry provides an inertness, which 
allows for minimal adsorption of proteins and other protein aggregates. 

TSKgel G3000SWXL columns also feature high pore volume per unit column 
volume, low sample adsorption, excellent column efficiency, and very well-
defined pore size distribution.  All of these factors contribute to unsurpassed 
sample resolution. This application note reports the preliminary analysis of 
monoclonal antibodies (mAb) using a TSKgel G3000SWXL, 5 μm, 7.8 mm ID 
× 30 cm column, demonstrating the effectiveness of the proprietary surface 
chemistry.

Experimental Conditions 

Analyses were carried out using an Agilent 1200 HPLC system run by  
Chemstation (ver B.04.02).

Column:   TSKgel G3000SWXL, 5 μm, 7.8 mm ID × 30 cm;  
  lot T03294-19S
Mobile phase:   100 mmol/L KH2PO4/Na2HPO4, pH 6.8, 
  100 mmol/L Na2SO4 + 0.05% NaN3 
Flow rate:   1.0 mL/min
Detection:   UV @ 280 nm
Temperature:   ambient
Injection vol.:   20 μL
Sample:   monoclonal antibody (BI-mAb-02) 

High purity HPLC grade Sigma Aldrich chemicals were used in this study. All 
the standards and samples were filtered through a 0.45 µm membrane before 
injecting into the column.

Results and Discussion 

Figure 1 shows the overlay of the first two consecutive injections of a  
monoclonal antibody (BI-mAb-02) onto a TSKgel G3000SWXL column. 
This brand new column was not pre-conditioned prior to this analysis. The 
monomer peak is baseline resolved from the dimer peak and the aggregate 
peaks. The overlay does not show any difference in the monomer and dimer 
peak areas of the first and second injections. There is no shift in retention time 
between the two consecutive injections and no difference in peak height is 
noticeable.  These results clearly demonstrate that there was not any  
adsorption of the monoclonal antibody onto the column.

Table 1 below summarizes the results of the analysis of a monoclonal  
antibody used in this study.
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Figure 1.   Analysis of BI-mAb-02 using a TSKgel G3000SWXL column – an overlay  
 of the first two injections

BI-mAb-02

Injection 1

Injection 2 6.682 7.912 24.2 1029.8

RT (min) Peak Area (mAU*S)

Dimer Monomer

6.676 7.913 23.7 1029

Dimer Monomer

Table 1.   Analysis of BI-mAb-02 using a TSKgel G3000SWXL column – an overlay  
 of the first two injections 



Similar results as those detailed above were obtained with another  
TSKgel G3000SWXL column from a different lot (T03061-18S). The number 
of theoretical plates in the analysis of BI-mAb-02 was 4125 and 4100 for the 
monomer peak for column lots 18S and 19S respectively. Both of the columns 
were also tested using a standard protein mixture containing thyroglobulin (0.5 
g/L), g-globulin (1 g/L), ovalbumin (1 g/L), ribonuclease A (1.5 g/L), and PABA 
(0.01 g/L) and compared with the recommended values mentioned in the 
operating conditions and specifications (OCS) sheet supplied with the column 
(data not shown here). The efficiency, as measured by the number of  
theoretical plates for PABA (para-amino benzoic acid), was >32,000 for the 
columns from both lots. This is well above the quality control specification 
value of >20,000. The asymmetry factor was 1.18, which is well within the 
quality control specification range of 0.7-1.6. Repeated injections produced 
excellent reproducibility. Preliminary results with BI-mAb-01, human IgG, 
and mouse monoclonal IgG also did not show any difference between two 
consecutive injections using the TSKgel G3000SWXL columns from lots 18S 
and 19S (data to be published elsewhere).

Conclusions 

As demonstrated in this application note, two consecutive injections on brand 
new, non-preconditioned TSKgel G3000SWXL columns did not show any  
difference in monomer and dimer peak areas, retention times, and peak 
heights with the analysis of a monoclonal antibody. The TSKgel G3000SWXL 
columns did not show any adsorption of the monoclonal antibody, leading to 
accurate quantitation of the mAb content.
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Separation of Proteins using a TSKgel®  
Protein C4-300 Reversed Phase Column

TSKgel
applicaTion noTe

Introduction 

While reversed phase chromatography (RPC) is often used for the analysis  
of small molecular weight compounds, there are also various standard  
applications for the separation of biomolecules, such as proteins.  
Conventional reversed phase HPLC packing materials with 8-14 nm pore 
sizes are not generally suitable for the analysis of large intact proteins  
because the analytes are not able to access the surface area within these 
pores. In answer to the need for an RPC column optimized for protein  
analysis, Tosoh Bioscience developed a wide pore 30 nm, silica-based  
butyl (C4) column, the TSKgel Protein C4-300. 

The packing of the TSKgel Protein C4-300 column, prepared by polymeric 
binding of butyl (C4) alkyl groups, reduces the protein adsorption on the 
stationary phase compared to a C18 stationary phase. The stationary phase 
is fully endcapped with trimethylsilyl (TMS) groups to prevent interaction with 
free silanol groups. This incurs higher stability of the phase and reduction of 
peak tailing. 

This application note discusses the analysis of large metalloproteins and 
monoclonal antibodies using a TSKgel Protein C4-300 column.

Experimental Conditions 

Figure 1
Column:   TSKgel Protein C4-300, 3 μm, 4.6 mm ID × 10 cm
Mobile phase:   A: H20 + 0.05% TFA
  B: CH3CN + 0.05% TFA
Gradient:  25-80% B in 20 minutes
Flow rate:   0.5 mL/min
Detection:  UV @ 280 nm
Temperature:  40 ºC
Injection vol.:   10 μL
Samples:  ferritin, 450 kDa, 4.7 mg/mL
  apoferritin, 450 kDa, 5.0 mg/mL

Figure 2
Column:   TSKgel Protein C4-300, 3 μm, 4.6 mm ID × 10 cm
Mobile phase:   A: H20/ACN/TFA = 90/10/0.05 (v/v/v)
  B: H20/ACN/TFA = 20/80/0.05 (v/v/v)
Gradient:  0% B (0 min) - 100% B (45 min)
Flow rate:   1.0 mL/min
Detection:  UV @ 215 nm
Temperature:  50 ºC
Injection vol.:   100 μL
Samples:  mAb-1 (mouse monoclonal)
  mAb-2 (mouse monoclonal)
  each was reduced with dithiothreitol

Results and Discussion 

Figure 1 displays the analysis of a large metalloprotein and corresponding 
apoprotein on the TSKgel Protein C4-300 column. Each figure is an  
overlay of 3 consecutive injections, demonstrating the excellent intra-day 
reproducibility that was obtained from injection to injection. 

Figure 2 demonstrates the use of a TSKgel Protein C4-300 column for the 
analysis of two monoclonal antibodies (mAbs).  Both mAbs were reduced 
with dithiothreitol (DTT), disassociated into heavy and light chains, and then 
analyzed using the TSKgel Protein C4-300 column. The small difference in 
hydrophobicity between the mAb-1 and mAb-2 sample was detected. In 
addition, a hydrophilic variant of the H chain was observed in mAb-1.
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Mobile phase: A: H2O + 0.05% TFA
 B: CH3CN + 0.05% TFA
Gradient: 25-80% B in 20 minutes
Flow rate:  0.5 mL/min
Detection:  UV @ 280 nm
Temperature:  40 ºC
Injection vol.:  10 µL
Samples: ferritin, 450 kDa, 4.7 mg/mL
                         apoferritin, 450 kDa, 5.0 mg/mL

Figure 1.  Analysis of Large Metalloproteins using a TSKgel Protein C4-300 Column



Conclusions 

The TSKgel Protein C4-300 column is ideal for the analysis of proteins of 
various sizes. Excellent reproducibility from injection to injection, as well as 
detection of hydrophobic variances, was obtained using these reversed phase 
columns.  The large pore size of 30 nm, along with the 3 µm particle size, 
optimized ligand density, and alkyl length, make the TSKgel Protein C4-300 
column an excellent choice for highly efficient, reversed phase separations of 
large proteins.
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Figure 2.  Analysis of Monoclonal Antibodies (Reduced Form) using a TSKgel Protein  
 C4-300 Column



INTRODUCTION 

Gel Filtration Chromatography (GFC) is popular among 
biochemists for the analysis of proteins and monoclonal 
antibodies. With 5 µm particles and 250 Å pores, TSKgel 
G3000SWXL columns are an excellent choice for protein 
separations. TSKgel SWXL columns feature rigid spherical 
silica particles, the surface of which has been shielded 
from interacting with proteins by chemical derivatization 
with ligands containing proprietary diol functional groups. 
Tosoh’s proprietary surface chemistry provides an inert-
ness, which allows for minimal adsorption of proteins and 
other protein aggregates. 

TSKgel G3000SWXL columns also feature high pore volume 
per unit column volume, low sample adsorption, excellent 
column efficiency, and very well-defined pore size distribu-
tion.  All of these factors contribute to unsurpassed sample 
resolution. This application note reports the analysis of 
monoclonal antibodies (mAb) using a TSKgel G3000SWXL, 
5 µm, 7.8 mm ID × 30 cm column, demonstrating the effec-
tiveness of the proprietary surface chemistry.

EXPERIMENTAL CONDITIONS 

Analyses were carried out using an Agilent 1200 HPLC 
system.

Column: TSKgel G3000SWXL, 5 µm, 7.8 mm ID × 30 cm;  
 lot T03294-19S
Mobile phase:  100 mmol/L KH2PO4/Na2HPO4, pH 6.8, 
 100 mmol/L Na2SO4 + 0.05% NaN3 
Flow rate:  1.0 mL/min
Detection:  UV @ 280 nm
Temperature:  ambient
Injection vol.:  20 µL
Sample:  monoclonal antibody (mAb-02) 

High purity HPLC grade Sigma Aldrich chemicals were 
used in this study. All the standards and samples were 
filtered through a 0.45 µm membrane before injecting into 
the column.

RESULTS AND DISCUSSION 

Figure 1 shows the overlay of the first two consecu-
tive injections of a monoclonal antibody (mAb-02) onto 
a TSKgel G3000SWXL column. This brand new column 
was not pre-conditioned prior to this analysis. The 
monomer peak is baseline resolved  from the dimer 
peak and the aggregate peaks. The overlay does not  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

show any difference in the monomer and dimer peak 
areas of the first and second injections. There is no shift 
in retention time between the two consecutive injec-
tions and no difference in peak height is noticeable.  
These results clearly demonstrate that there was not any  
adsorption of the monoclonal antibody onto the column.

TSKgel G3000SWXL COLUMNS FOR THE  
REPRODUCIBLE ANALYSIS OF mAbs AND PROTEINS

ANALYSIS

Application Note

ANALYSIS OF mAb-02 USING A TSKgel G3000SWXL COLUMN - AN 
OVERLAY OF THE FIRST TWO INJECTIONS
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Table 1 

ANALYSIS OF mAb-02 USING A TSKgel G3000SWXL COLUMN - AN 
OVERLAY OF THE FIRST TWO INJECTIONS

MAB-02                       RT (min)                              PEAK AREA (mAU*S)  
 
 Dimer Monmer Dimer Monomer

Injection 1 6.676 7.913 23.7 1029

Injection 2 6.682 7.912 24.2 1029.8



ANALYSIS

CONCLUSIONS 

As demonstrated in this application note, two consecu-
tive injections on brand new, non-preconditioned TSKgel 
G3000SWXL columns did not show any difference in 
monomer and dimer peak areas, retention times, and peak 
heights with the analysis of a monoclonal antibody. The 
TSKgel G3000SWXL columns did not show any adsorption 
of the monoclonal antibody, leading to accurate quantita-
tion of the mAb content.

Table 1 summarizes the results of the analysis of a mono-
clonal antibody used in this study.

Similar results as those detailed above were obtained 
with another TSKgel G3000SWXL column from a different 
lot (T03061-18S). The number of theoretical plates in the 
analysis of mAb-02 was 4125 and 4100 for the monomer 
peak for column lots 18S and 19S respectively. Both of 
the columns were also tested using a standard protein 
mixture containing thyroglobulin (0.5 g/L), γ-globulin 
(1 g/L), ovalbumin (1 g/L), ribonuclease A (1.5 g/L), and 
PABA (0.01 g/L) and compared with the recommended 
values mentioned in the operating conditions and speci-
fications (OCS) sheet supplied with the column (data not 
shown here). The efficiency, as measured by the number of  
theoretical plates for PABA (para-amino benzoic acid), was 
>32,000 for the columns from both lots. This is well above 
the quality control specification value of >20,000. The 
asymmetry factor was 1.18, which is well within the quality 
control specification range of 0.7-1.6. Repeated injections 
produced excellent reproducibility. Preliminary results with 
mAb-01, human IgG, and mouse monoclonal IgG also did 
not show any difference between two consecutive injec-
tions using the TSKgel G3000SWXL columns from lots 18S 
and 19S (data to be published elsewhere).

TOSOH BIOSCIENCE  ZETTACHRING 6   70567 STUTTGART  GERMANY  T: +49 (0)711 13257-0  F: +49 (0)711 13257-89  INFO.TBG@TOSOH.COM  WWW.TOSOHBIOSCIENCE.COM  
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ANALYSIS

STATIC LIGHT SCATTERING IN COMBINATION WITH SIZE 
EXCLUSION CHROMATOGRAPHY IS A VALUABLE TOOL 
FOR VERIFYING PURITY OF MONOCLONAL ANTIBOD-
IES (MABS) AS SUCH OR AS A QUICK CHECK WHILE THE 
DOWNSTREAM PROCESSING TAKES PLACE. BESIDES 
FLUORESCENCE DETECTION, LIGHT SCATTERING IS ONE 
OF THE MOST SENSITIVE METHODS TO DETECT PROTEIN 
AGGREGATES. 

As a matter of their size, mAb aggregates produce scattered 
light more efficiently than they absorb UV light at 214 or 
280 nm. Nevertheless, light scattering is not a plug and play 
technique, compared to simple UV detection. This applica-
tion note provides some advice that may help to improve 
the signal to noise ratio and the robustness of the complete 
system. First of all, it is important to keep the whole system 
clean and to refresh the eluent frequently. Buffers without 
sodium azide should be changed daily. At least for protein 
applications, sodium azide does not cause any problems 
in the scattering signal. Therefore it is recommend to add 
0.05 % sodium azide to aqueous buffers in order to prevent 
bacterial growth. When working with organic solvents, 
proper degassing of the eluent is essential. 

However, any eluent, either organic or aqueous needs 
to be filtered thoroughly. Air bubbles and small particles 
will not be detected by UV but will disturb the light scat-
tering signal. Changing in-line filters regularly, as well as 
filtering buffers through a 0.1 µm membrane prevent noisy 
baselines. Detector contamination due to impurities of the 
sample as such appears frequently. In this case, the system 
without the column should be rinsed with water containing 
1 % SDS for 4-5 hours, followed by a quick purging step with 
water and an overnight washing step with a mixture of 20 % 
ethanol 80% water. Against persisting noise the system can 
be flushed with a sample degrading solvent. Proteases for 
instance might help when working with proteins.

Noise generated by the HPLC column can be reduced by 
cleaning the column as described in the manual delivered 
with the column. Overloaded columns also release sample 
molecules independent from retention time, causing a 
noisy and drifting baseline. The TSKgel SWXL series can be 
cleaned efficiently by flushing overnight with 0.1 M Glycine/
HCl buffer pH 3. The system flow rate also affects the noise 
level and should only be changed gradually. Equilibrating 
the column with 4-5 column volumes at operational flow 
stabilizes the baseline. 

In fact, static light scattering is a multi-detector measure-
ment. Therefore the concentration source, which is usually 
either UV absorption or the refractive index, is also impor-
tant. Sodium azide absorbs UV at wavelengths typically 
used for protein detection. Hence it is recommended using 
the RI-Signal as source of concentration, also because the 
refractive index increment is approximately the same for 
all proteins. Nevertheless the RI-signal does have disad-
vantages, too. It is prone to solvent peaks, which disable 
measurements of molecules with the same retention time. 
Solvent peaks can be reduced by preparing samples in daily 
refreshed system solvent. Similar to the solvent peak, the 
injection peak is not related to the sample itself. The injec-
tion peak can be decreased by slowing down injection speed.

In general the light scattering instrument is the first to indi-
cate any unsteadiness in the system. System suitability tests 
with a standard sample can be used to check the system 
performance before starting an analysis sequence. Once 
the performance is ensured, an additional light scattering 
detector provides valuable information about the presence 
and structure of protein aggregates and the monomer itself 
as shown in Figure 1.

Figure 1 
SEC-UV-RI-LS ANALYSIS OF A MONOCLONAL ANTIBODY
Column: TSKgel G3000SWxl, 5 µm, 7.8 mm ID x 30 cm L; 
Flow rate 1 mL/min; Mobile phase: PBS; Inj. volume 20 µl; 
Detection: 90° LS (red), RI (grey) & UV @ 280 nm (blue); 
HPLC System: LC-20A prominence, Shimadzu; MALS 
detector: miniDAWNTM TREOS, Wyatt Technology Corp.
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Abstract

High-performance ion exchange chromatography is a powerful method for
separation and purification of charged biomolecules. Recently, high speed ion 
exchange columns have been needed for quality control,  process monitoring and 
other applications. We have developed new ion exchange columns to meet such 
demands. 

In this poster, properties of the new ion exchangers specifically designed 
for fast protein separations are described. These are hydrophilic and rigid porous 
polymethacrylate materials with quaternary amine or sulfopropyl groups. The 
average pore size is 4000Å, which gave very rapid mass transfer), resulting in 
high resolution. The average particle size is 10µm, which enabled use of a high 
flow-rate with low back pressure. Typical separation time was less than 5 minutes. 
We also show comparison data with commercially available non-porous ion 
exchange columns. 
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Introduction

High-performance ion-exchange chromatography (HPIEC) for separation 
of biomolecules was introduced in the 1970s. Today, HPIEC is one of the most 
frequently used techniques for separation of charged biomolecules due to its high 
resolution. Generally, the bead used as the support matrix for HPIEC have pore 
sizes ranging from 100-1000Å to allow biomolecules to diffuse through the bead 
and access the functional groups present. However, such supports have a slow 
mass transfer between the pores and the solutes under high flow-rate for fast 
separation, resulting in peak broadening. 

In order to address this issue, we have developed new supports having 
larger pores sizes (~4000Å) to improve mass transfer under high flow-rate 
conditions. The support is a polymethacrylate base modified to contain Q 
(quaternary ammonium) and SP (sulfopropyl) functional groups. The particle 
size is adjusted to 10 µm, which enables the use of high flow-rates with low 
back pressure.

In this poster, basic properties of the new support and column size 
optimization for protein separations are described.



ISPPP-05 4

Experimental

Determination of dynamic binding capacity:
Dynamic binding capacity was measured by breakthrough experiments with BSA and lysozyme. 
The column dimensions were 4.6mm I.D. X 3.5cm.  Buffered solutions (BSA; 20mM Tris-HCl
buffer, pH 8, lysozyme; 50mM glycine buffer, pH 9.0) containing 1mg/mL of protein were fed to 
the column at 1mL/min. Breakthrough curves were monitored through UV detector at 280nm. 
The dynamic binding capacity was determined at 10% breakthrough.

Chromatographic measurement:
Chromatographic measurement were carried out using a Model CCPM pump, a Model UV-8010 
UV detector, and a Model SC-8020 data processor (Tosoh).

Materials:
All standard proteins [such as bovine serum albumin (BSA), ovalbumin (OV), trypsin inhibitor 
(TI), human transferrin (TF), trypsinogen (TRY), ribonuclease A (RNase A), a-chymotrypsinogen
A (CHY), cytochrom c (CYT), and lysozyme (LYS)] were purchased in purified form from Sigma. 
Pancreatin was also purchased from Sigma. Human plasma was obtained from COSMO BIO. 
Pure antithrombin III was obtained from Mitsubishi Welpharma.

Effect of column length on resolution:
Columns of 1, 2, 3.5 and 7.5 cm in length x 4.6 mm I.D. packed with Q ion exchanger were used. 
Protein mixtures (ovalbumin and trypsin inhibitor) were separated on these columns with 
gradient elution and the resolution was calculated between the peaks eluted from the column.

Purification of antithrombin III:
Antithrombin III was purified on Toyopearl AF-Heparin HC-650M with step-wise gradient of   
sodium chloride.

TSK-GEL®, TSKgel® and Toyopearl® are registered trademarks of the Tosoh Corporation.
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Basic properties of experimental 
anion and cation resins
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Effect of column length on resolution

Figure 1: Resolution vs. Column length. The 
graph above displays the effect of column length 
on the resolution of ovalbumin and typsin inhibitor 
across four separate gradient lengths. The gradient 
consists of a 0-500mM Sodium Chloride elution in 
20mM Tris-HCl buffer (pH 8.0) at a flow rate of 
1.0mL/min.

Figure 2: Example of separation of ovalbumin
and trypsin inhibitor on anion-exchange column.

The dependence of resolution on column length is shown for different gradient lengths in Figure 1. Rs was measured by the 
equation in figure 2. The data shows that resolution increases with increasing column length. Additionally, for each respective 
column length, resolution increases with increasing gradient time. 
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Effect of flow rate on resolution

Figure 3: Flow rate comparison for ovalbumin
separation at 1-4mL/min.

Column: anion exchanger, 4.6 x 20mm
Buffer: 20mM Tris-HCl, pH 8.0
Gradient: 0 to 0.5M NaCl in 10mL
Sample load: 2.5µg.

Figure 3 shows the separation of commercial 
ovalbumin obtained on experimental column under 
various flow-rates. Here we can see that the 
resolution of ovalbumin is independent of the flow 
rate. We assumed that the larger pore size would 
enhance mass transfer.
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Separation of proteins by anion 
and cation exchange chromatography

Figure 4: Comparison between experimental anion exchange column and TSKgel DEAE-NPR.

Column size: 4.6 x 35 mm
Flow rate: experimental column (2mL/min), TSKgel DEAE-NPR (1mL/min)
Buffer: 20mM Tris-HCl, pH 8.0, gradient: 0 to 0.5M NaCl in 10mL
Sample load: TF (human transferrin, 10µg), OV (ovalbumin, 20µg), TI (trypsin inhibitor, 10µg)
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Separation of proteins by anion 
and cation exchange chromatography

Figure 5: Comparison between experimental cation exchange column and TSKgel SP-NPR

Column size: 4.6 x 35 mm
Flow rate: experimental column (2mL/min), TSKgel SP-NPR (1mL/min)
Buffer: 20mM phosphate, pH 7.0, gradient: 0 to 0.5M NaCl in 10mL
Sample load: TRY (trypsinogen, 5µg), RNase A (ribonuclease A, 10µg), 

a-CHY (a-chymotrypsinogen A, 5µg), CTY (cytochrome c, 5µg), 
LYS (lysozyme, 2.5µg)
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Separation of proteins by anion 
and cation exchange chromatography

Figures 4 and 5 show the comparison of the experimental 
resins with commercially available non-porous resins. Both columns 
have similar selectivity for protein separation even though the anion 
exchange columns have different functional groups. We can see that 
non-porous columns give sharper peaks because of the particle size 
difference (non-porous; 2.5µm, experimental 10µm). However, small 
particle size also generates higher back pressure which measured up 
to 6 MPa operating at a 1mL/min. flow rate. The back pressure of the 
experimental resins was measured less than 1.2 MPa operating at a 
flow-rate of 2mL/min. The obvious advantage is being able to achieve 
similar separations of a non-porous resin with the ability to run at high 
flow rates with minimal back pressure.



ISPPP-05 11

pH screening in ion exchange chromatography

Figure 6: pH screening on pancreatin separation

The pH of the mobile phase has the greatest effect on protein separation in ion exchange 
chromatography and is the first parameter to adjust. Fig. 6 shows a practical example of pH 
screening of mobile phases in the separation of pancreatin by anion exchange chromatography. 
Fast pH screening studies were carried out on the experimental column within 5 min.
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Application to process development

Figure 7: Purification of AT-III from human plasma on Toyopearl AF-Heparin HC-650M

Column size: 6.0 mm I.D. x 4.0 cm
Sample: Human plasma 18mL
Flow rate: 0.5mL/min
Temp.: 25°C 
Detection: UV (280 nm)
Buffers: Adsorption, 0.02M Citrate (pH 7.2) Washing, 0.02M Citrate + 0.4M NaCl (pH 7.2)

Elution, 0.02M Citrate + 2.0M NaCl (pH 7.2)
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Application to process development

Figure 8: Purity check of fractions on anion-exchange chromatography 

Column size: 4.6 x 35 mm
Flow rate: 2mL/min
Detection: UV (280nm)
Buffer: 20mM Tris-HCl, pH 8.0
Gradient: 0 to 0.5M NaCl in  10mL
Sample load: peak A fraction (10µL), peak B fraction (25µL)
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Application to process development

Figure 9: SDS-PAGE of fractions in figure 7

Lanes 1 and 10, protein maker
Lanes 2 and 9, human plasma
Lanes 3 and 4, peak A
Lanes 5 and 6, peak B
Lanes 7 and 8, pharmaceutical 

grade AT-III

Fig. 7 shows the chromatogram of human plasma on Toyopearl AF-Heparin HC-650M. Although heparin 
has a strong affinity to antithrombin III (AT-III), other components in plasma also bind on the immobilized 
heparin adsorbent. Optimizing the ionic strength (of the mobile phase?) to remove impurities in human 
plasma is important in AT-III purification. We optimized the ionic strength by monitoring the AT-III purity 
using the experimental anion exchange column. Fig. 8 shows purity of AT-III on the anion-exchange 
column after optimization. Pure AT-III was obtained by heparin affinity chromatography. Fig. 9 shows 
SDS-PAGE analysis. Here we can see that peak A doesn’t contain AT-III and the purity of AT-III from 
Peak B was quite high.
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Conclusions

• Larger pore size provides enhanced mass transfer and 
high resolution independent of flow-rate.

• Rigidity enabled the use of high flow-rate with low back 
pressure (easy to handle)

• Reduced process times due to higher operational flow 
rates. Typical runs were less than 5 minutes.
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Introduction

Recently, Tosoh Corporation introduced TSK-GEL SuperSW3000 
columns in 1mm and 2mm ID microbore column format. Size exclusion 
chromatography (SEC) in an aqueous mobile phase is a powerful tool for 
analyzing biological polymers like peptides, proteins and DNA and TSK-
GEL SW series SEC columns are routinely utilized for analyzing such 
biological samples. The ability to detect very small amounts of proteins is 
one requirement in proteomics. These new TSK-GEL SuperSW3000 
microbore columns with increased resolution, excellent sensitivity and high 
recovery were developed to analyze trace amounts of proteins.
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Preliminary Results

The TSK-GEL SuperSW3000, 4µm micro-columns were characterized 
by analyzing protein resolution, detection sensitivity, sample capacity, and 
column efficiency in comparison to conventional column sizes.   A 5-fold 
increase in peak height of a standard protein mixture was obtained when using a 
2mm ID x 30cm TSKgel SuperSW3000 column, compared to a 4.6mm ID x 
30cm column. The same improvement in sensitivity was also evident when 
analyzing aggregate-containing IgG samples. Linear calibration curves 
confirmed that nonspecific adsorption on the stationary phase was minimal. The 
detection limit of IgG was 18ng using the 1mm ID  TSKgel SuperSW3000 
column while still being able to detect small amounts of IgG aggregates. Unlike 
larger particle size columns, four micron SuperSW3000 columns showed a 
smaller drop in efficiency when increasing flow rate.  As with 1mm ID columns, 
we found that reducing the injection volume of IgG solution from 10µL to 1µL 
greatly improved efficiency of the 2mm ID column, although at constant injection 
volume, efficiency did not vary with IgG concentration in the range of 1-5g/L.  
Results showed that trace analysis of biological components was possible when 
the TSKgel SuperSW3000 1mm ID column was utilized with an off-line 
SELDI/TOF/MS.
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Experimental Conditions

Columns
-- TSK-GEL SuperSW3000 from Tosoh

• Internal diameter: 1mm, 2mm & 4.6mm
• Length: 30cm
• Particle size: ca. 4µm
• Exclusion limit: 5 x 105 Dalton
• Matrix: Diol-bonded silica gel

-- KW803-2E, Shodex
-- Superdex™ 200 PC, GE Healthcare

Instrumentation
Pump: DP-8020 (Tosoh)
Detector: UV-8020 (Tosoh)
UV cell: 2µL (for 2mm & 4.6mm ID, Tosoh)
UV cell: 35nL (for 1mm ID, LC Packings, Netherlands)
Sample injector: Model 7520 (Rheodyne)
Tubing (injector to column): 
0.05mm ID x 20cm Fused Silica
Data processing: LC-8020 model 2 (Tosoh)

Sample
Proteins and enzymes were purchased from Sigma (USA).  The antibody 
was a gift from the Tosoh Research Center (Kanagawa, Japan).
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Figure 1: Separation of Standard Proteins on a 1mm 
ID TSKgel SuperSW3000 Column
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Figure 2: Separation of Standard Proteins on a 1mm 
ID TSKgel SuperSW3000 Column
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Figure 3: Sensitivity Comparison on TSK-GEL 
SuperSW3000 Columns



Poster P5 presented at ISPPP 2007, Orlando, FL   USA 8

Table 1: Comparison of 2mm ID TSKgel 
SuperSW3000 With Other SEC Columns
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Figure 4: Separation of Standard Proteins 
on Commercial GFC Columns
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Figure 5: Separation of Standard Proteins 
on Commercial GFC Columns
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Figure 6: Relationship Between Column 
Efficiency and Linear Velocity
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Figure 7: Relationship Between Column 
Efficiency and Linear Velocity
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Figure 8: Separation of IgG on 
TSK-GEL SuperSW3000 Columns
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Figure 9: Separation of IgG Sample on 
TSK-GEL SuperSW3000 Columns
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Figure 10: IgG Loading Study on a 2mm ID 
TSKgel SuperSW3000 Column
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Figure 11: Calibration Curve of IgG on a 1mm ID 
TSKgel SuperSW3000 Column
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Figure 12a: Separation of Human Serum Proteins 
on a 1mm ID TSKgel SuperSW3000 Column
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Figure 12b: Separation of Human Serum Proteins 
on a 1mm ID TSKgel SuperSW3000 Column
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Conclusions

(1) TSK-GEL SuperSW3000 microbore columns (1mm ID and 2mm ID) showed high 
resolution power for biological samples similar to what can be obtained on 4.6mm ID 
conventional TSK-GEL SuperSW3000 columns.

(2) Despite the high concentration of IgG (ca. 5mg/mL), good separation was achieved.

(3) High sensitivity analysis could be achieved on the microbore columns. Linear 
calibration curves confirmed that nonspecific adsorption on the stationary phase was 
minimal. The detection limit of IgG was 18ng using a 1mm ID column while still 
being able to detect small amounts of IgG aggregates.

(4) The results showed that TSK-GEL SuperSW3000 microbore columns are an 
excellent choice for the rapid separation of proteins and enzymes at micro scale  
and are a great fit for the trace analysis of biological components by LC/MS.
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Introduction  

● Desalting is a process to remove or reduce salt from a liquid stream. 
 

● Proteins elute at high or elevated salt concentration in such 
chromatographic modes as hydrophobic interaction (HIC), ion exchange 
(IEC) and size exclusion chromatography (SEC).  

 

● SEC mobile phases for protein analysis may also contain denaturants such 
as guanidine hydrochloride and urea in addition to salt and buffer.  

 

● Desalting on the basis of size exclusion chromatography is widely used in in 
biochemical purifications. 

 

● Desalting and buffer exchange of proteins or polynucleotides can also be 
performed by dialysis, ultra filtration, or by using spin-columns.  

2 
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Introduction 

● Desalting columns are characterized by a low exclusion limit and a 
large pore volume. 

 

● Salts can fully access all pores, while proteins and other high MW 
species are excluded from the pores and elute in the void volume 
as a narrow concentrated peak. 

 

● Columns packed with conventional packing materials such as 
dextran, cellulose and polyacrylamide have limited physical 
stability and are not suitable when fast desalting is desired. 

 

● We increased the mechanical strength of polyacrylamide gel by 
four-fold over that of conventional gels 

 

● TSKgel BioAssist DS columns contain 15μm particles packed in 
4.6mm ID x 15cm and 10mm ID x 15cm PEEK columns.  
 
 
 
 

 

3 
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Objective 

To show the usefulness of the new TSKgel BioAssist DS columns for 

efficient  desalting using a conventional HPLC system. 
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Chemical structure of polyacrylamide 
beads* 

5 

*US Patent No. 7,659,348  

• Backbone of beads is based 
on polyacrylamide  

 
 

• Side chains cross-linked with 
one another through urea  

 
 
 
 
 

• Highly cross-linked 
polyacrylamide beads display 
high mechanical strength and 
low hydrophobicity  



Poster #1, Presented at ISPPP 2011, Alexandria, VA TOSOH BIOSCIENCE LLC 

Mechanical strength 

6 

• Conventional beads collapsed at pressures below 1.6MPa (< 250psi).  
 

• TSKgel BioAssist DS polyacrylamide beads did not collapse at 12MPa  
 (1750psi). 
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Calibration curve for new 
polyacrylamide beads 

7 

Exclusion limit  PEG 2500 MW  
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Characteristics of TSKgel BioAssist 
DS Desalting columns 

8 

 
• Packing material: Urea cross-linked polyacrylamide 
 

• Particle Diameter: 15μm (Uniform) 
 

• Pore Size excludes: ca. 2500 MW PEG 
 

• Particle porosity: ca. 60% 
 

• Maximum pressure: 4Mpa (< 600psi) 
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Material and methods: Chromatographic 
conditions (size exclusion experiment) 

● Column:  TSKgel G3000SWXL, 5µm, 7.8mm ID x 30cm 
 (S1237-08R)  
 

● Mobile Phase: 100mmol/L KH2PO4/K2HPO4, pH 6.7,  
 100mmol/L Na2SO4 + 0.05% NaN3 
 

● Flow rate:  1.0mL/min 
 

● Detection:  UV@280nm  
 

● Temperature:  ambient 
 

● Injection vol.:  10µL 
 

● Samples:  standard TSKgel SWXL test mixture:  
 thyroglobulin (0.5g/L) 
 γ-globulin (1g/L) 
 ovalbumin (1g/L) 
 ribonuclease A (1.5g/L) 
 p-ABA (0.01g/L) 

 
 

9 
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Material and methods: Preparation of 
protein standards (desalting experiments) 

Protein MW (kDa) Concentration* 
(g/L approx.) 

ribonuclease A 14.7 19.5 
thyroglobulin 670 11.3 
γ-globulin 150 14.5 
ovalbumin 45 13.1 
α-chymotrypsinogen 25.6 13.1 
β-lactoglobulin 18.4 10.8 
lysozyme 14.7 11.6 
myoglobin 16.7 14.5 
cytochrome C 12.3 11.0 
hemoglobin 68 11.9 

10 

*in 100mmol/L phosphate buffer, pH 6.7 
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Material and methods: Chromatographic 
conditions (desalting experiments) 

● Columns :  TSKgel BioAssist DS,15µm, 4.6mm ID x 15cm, PEEK 
 TSKgel BioAssist DS,15µm, 10.0 mm ID x 15cm, PEEK 
 

● Mobile Phase:  10mmol/L KH2PO4/K2HPO4, pH 6.7, 10mmol/L Na2SO4 + 0.005% NaN3 
 

● Flow rate:  0.8mL/min (4.6mm ID) and 1.0mL/min (10.0mm ID)  
 

● Detection:  UV@280nm and RI 
 

● Temperature:  ambient 
  

● Injection vol.:  10µL unless mentioned otherwise 
 

● Samples:  γ-globulin was collected after injection of the standard TSKgel SWXL 
 test mixture 

 

● All analyses were carried out using an Agilent 1200 HPLC system run by Chemstation 
(ver B.04.01). 

 

● All chemicals and standards were pure analytical grade from Sigma-Aldrich. 
 

● Before injection, standards and samples were filtered through a 0.45µm filter.  

11 
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Separation of protein standard mixture using a TSKgel 
G3000SWXL, 5µm, 7.8mm ID × 30cm column 

12 

10.0µL of γ-globulin (RT 8.087min) peak fraction was loaded into TSKgel 
BioAssist DS, 15µm, 4.6mm ID x 15cm column to desalt. 
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Desalting of γ-globulin peak fraction using a TSKgel 
BioAssist DS, 15µm, 4.6mm ID × 15cm column 

13 

Mobile phase γ-globulin fraction was efficiently desalted within a few minutes. 
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Desalting proteins using a TSKgel BioAssist DS, 15μm, 
4.6mm ID x 15cm column 

14 

Fast desalting with excellent reproducibility at analytical scale. 
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Desalting proteins using a TSKgel BioAssist DS, 
15μm, 10mm ID x 15cm column 

Fast desalting with excellent reproducibility at semi-preparative scale. 
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Effect of sample load on efficiency of desalting of 
protein using TSKgel BioAssist DS, 15µm, 10.0mm ID x 
15cm column 

16 

• The column has high loading (desalting) capacity.  
 

• Less than 5% RSD (n=4) in efficiency up to a load of 1.5mg of 
Ribonuclease  A . 

 

• The resolution between the protein and salt peak was always >6. 
 

• Even at ~2mg protein load of Ribonuclease A, the resolution 
between the protein and salt peak was 4.33.  

 

• TSKgel BioAssist DS, 15µm, 4.6mm ID x 15cm column yielded a 
resolution of >2 at 1950µg load of Ribonuclease A (F=0.8mL/min). 

  

• This study shows that both TSKgel BioAssist  DS columns can be  
effectively used for desalting a large sample load. 
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Effect of injection volume on desalting profiles 

17 
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Elution profiles of high salt concentration 

18 
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Elution profiles of mobile phase additives 

19 
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Elution profiles of SDS 

20 
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Recovery of selected proteins and DNA 

21 
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Conclusions 

● TSKgel BioAssist DS columns are designed for desalting of 
proteins and polynucleotides at semi-preparative scale with the 
following features: 

 

� 4-fold higher mechanical strength over that of conventional gels 
 

� Columns can be used at pressure up to 4MPa (600psi). Beads do 
not collapse at 12MPa pressure. 

 

� Exclusion limit of 2500Da (PEG)  
 

� Minimal secondary adsorption 
 

� Typical separation times of less than 5 minutes 
 

� High loading capacity 
 

� High recovery down to ng protein injected  
 

� Excellent reproducibility 

22 
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Objective:

2

To study the column lifetime of TSKgel G3000SWXL:  a silica-based, diol-
bonded size exclusion chromatography column widely used for the separation 
of monoclonal antibodies. 
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Introduction

• Size exclusion chromatography (SEC) performed under aqueous conditions, 
also known as Gel Filtration Chromatography (GFC), is popular for isolation 
and quality control of monoclonal antibodies and other therapeutic proteins 
and peptides. 

• Analytical size exclusion chromatography (SEC) columns are costly, so a 
stable column yielding a high degree of reproducibility of retention time, peak 
symmetry, and column efficiency over a large number of injections is very 
important to the analyst.  

• Over many years now, column to column reproducibility and column lifetime 
consistently remain as the top two factors - above price - to chromatographers 
when selecting an appropriate column (as shown in the next slide).

• Development of a reliable analytical HPLC method requires these qualities to 
be independent of the lot of base silica as well as the bonding and packing 
procedures. 

3
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Introduction

4

• The survey clearly shows the importance of column lifetime and reproducibility 
over price to chromatographers in the selection of a column.

• The survey also shows this same pattern over a number of years. 
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• A loss of resolution, peak broadening, or significant tailing, factors that may 
affect quantitation, are symptoms of column failure. 

• One of the most important warning signs that a column may be on the verge of 
failing can be predicted by a gradual increase in backpressure. 

• Retention time shift can sometimes be related to a loss of packing material or 
stationary phase. 

• The other factors chromatographers consider before declaring the column dead 
are: failure of an established method specification, failure to pass QC test using 
a standard protein mixture, failure to pass system suitability requirements, a 
high % RSD (relative standard deviation) value over a number of consecutive 
injections.

• Although the use of a guard column to protect the analytical column is highly 
recommended and ought to be part of a standard operating procedure, in 
practice not all users do so. 

5

Introduction
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Two different sources of silica can be a factor in lot-to-lot reproducibility.

Introduction
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Bonding chemistry developed on the same silica at different times can 
also be a factor in lot-to-lot reproducibility.

Introduction
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Introduction

8

• In this presentation we report the results of a column lifetime study of a silica-
based TSKgel G3000SWXL, 5 μm, 7.8 mm ID u 30 cm SEC column: a column 
type that is widely used for the separation of monoclonal antibodies. 

• Altogether 9 columns were used to study the effect of reproducibility arising from 
both silica and bonding chemistry, as explained below. 

• Specification for TSKgel G3000SWXL column passing QC:     
N (PABA) >20,000 and AF = (0.7 – 1.6)

Silica 
Lot A

Silica 
Lot B

• Lot 09R – 3 columns (S1261, S1262, S1263)
• Lot 08R – 3 columns (S1237, S1238, S1239)

• Lot 30P – 3 columns (S6210, S6211, S6212)



TOSOH BIOSCIENCE LLC Presented at HPLC 2012, Anaheim, CA

Material and methods

9

Chromatographic Conditions
Instrument: all analyses were carried out using an Agilent 1200 HPLC system run by 

Chemstation (ver B.04.02).
Mobile phase: 100 mmol/L KH2PO4/K2HPO4, pH 6.7, 100 mmol/L Na2SO4 + 0.05% NaN3
Flow rate: 1.0 mL/min
Detection: UV @ 280 nm
Temperature: ambient
Injection vol.: 10 µL
Samples:  standard TSKgel SWXL test mixture: 

thyroglobulin (0.5 g/L), γ-globulin (1 g/L), ovalbumin (1 g/L), 
ribonuclease A (1.5 g/L), PABA (0.01 g/L)
Monoclonal antibody: BI-mAb-2 from Boehringer-Ingelheim; 
concentration: 4.5 g/L in glycine/Na phosphate, pH 6.0
Bovine Serum Albumin (Sigma Aldrich A7906, Lot # 080M1251V; 
>98% purity, 10.2 mg/mL
Human sera (Sigma S7023-50mL), neat - no dilution
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In this study: 

• sample and mobile phase were not filtered through 0.45 micron syringe filter
• no guard column was used to provide extra stress on the column
• In one case the mobile phase was recycled to provide additional stress to the 

column, basically to encourage column failure 
• column was not cleaned throughout the experiment
• high purity HPLC grade Sigma Aldrich chemicals were used in this study.
• high purity 18.2 m.Ohm-cm quality water was used to make buffer and 

samples

10

Material and methods
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Figure 1: Analysis of protein standard mixture using a TSKgel 
G3000SWXL, 5 µm, 7.8 mm ID u 30 cm column (S6212-30P)
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• 5 consecutive runs yielded an excellent reproducibility: very low % RSD value 

of all the peak parameters. 

• Similarly, all 9 columns from different silica and bonding lots yielded excellent 

reproducibility in 5 consecutive runs: N was always a32,000 and other peak 

parameters also remained consistent

• The following table shows the change of retention time of protein peaks as a 

function of silica and bonding chemistry

12

Figure 1: Analysis of protein standard mixture: conclusions
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Table 1: Change of retention time of protein peaks as a 
function of silica and bonding chemistry
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Figure 2: Injection-to-injection reproducibility: 
within column
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• This study shows that the column remained stable and precise over 1000 
injections. More analytical data is shown in the following tables.

• The difference in protein peak heights and areas between injection 1 and 
1000 is due to the fact that protein concentrations were different; PABA 
concentration remained the same. 

• Proteins were individually weighed and added to the fresh aliquot from the 
same stock of 10× PABA stock followed by final volume make-up

Figure 2: Injection-to-injection reproducibility: 
conclusions
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Table 2: Retention time, efficiency, and peak 
symmetry at the 1st, 500th and 1000th injections
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The results shown in tables 2 and 3 show that 3 important chromatographic peak 
parameters:  1) retention time (tR), 2) theoretical plate count (N), and 3) asymmetry 
factor (AF) remained consistent over 1000 runs. 

Table 3: % RSD of peak parameters for each 10th

injection during the 1000 injection cycle (n = 100)
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• This column was already used for 1007
injections of protein standard mixture with 
N (PABA) = 31,521.

• Then, 100 uL QC buffer was  injected each 
time (instead of 10 µL).

• Injections were repeated 150 times every 
1 minute to provide pressure on the 
column bed.

• This is equivalent to 1500 injections of 
10 µL buffer.

• This is also equivalent to a total of 2507 
injections of 10uL injection volume each 
time.

• The results show superb reproducibility in RT, AF and N.
• Result could be reproduced with another column. 

Figure 3: Column integrity test of a TSKgel G3000SWXL, 5 µm, 
7.8 mm ID u 30 cm column (S1239-08R)
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• No change in RT, AF or N observed over 200 injections in reverse flow on this column.
• The result shows that the column has an excellent packing integrity.

Figure 4: Analysis of protein standard mixture using a TSKgel 
G3000SWXL, 5 µm, 7.8 mm ID u 30 cm column (S1262-09R)
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Figure 5: Loading capacity of protein standard

20
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Figure 5: Loading capacity of protein 
standard: conclusions

21

• The loading capacity of a SEC column with defined dimensions depends on the  
sample. 

• The loading capacity can be increased by increasing the column length or 
diameter. 

• Increasing column length also increases resolution and retention time, leading 
to additional separation time and mobile phase.

• A 10 fold increase in total protein content did not affect the retention time, 
symmetry of the peak, or efficiency of the column.
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Figure 6: Loading capacity of monoclonal antibody upon 
a TSKgel G3000SWXL, 5 µm, 7.8 mm ID u 30 cm column

Peak shape and efficiency were not affected when injecting 400 Pg of a 
monoclonal antibody preparation.
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The column maintained its efficiency up to injection #300.

Figure 7: Analysis of human sera using a TSKgel 
G3000SWXL, 5 µm, 7.8 mm ID u 30 cm column (1262-09R)

Column already used for 150 
injections of standard proteins 
prior to this experiment
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• The TSKgel G3000SWXL column was very stable even after 1255 injections. 
• In addition, baseline separation of the monomer from the dimer and aggregates 

was achieved.

Figure 8: Analysis of BSA using a TSKgel G3000SWXL, 
5 µm, 7.8 mm ID u 30 cm column (1262-09R)

Note: this column was previously 
used for a column lifetime study for 
1255 injections of protein standard 
mixture
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• Even with 1.9 mg load of BSA, the dimer and monomer peak was separated to 
the baseline.

• The monomer peak did not split with the higher load.

Figure 9: Analysis of BSA using a TSKgel G3000SWXL, 
5 µm, 7.8 mm ID u 30 cm column (1262-09R)

Note: this column was previously 
used for a column lifetime study for 
1255 injections of protein standard 
mixture
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Compared to a competitive column, the TSKgel G3000SWXL column has 
much higher resolution of monomer and dimer peaks.

Figure 10: Analysis of BSA using a TSKgel G3000SWXL, 
5 µm, 7.8 mm ID u 30 cm column (1262-09R) and 
Competitor-S, 5 µm, 7.8 mm ID u 30 cm column

Note: this column was previously 
used for a column lifetime study for 
1255 injections of protein standard 
mixture
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Figure 11: Backpressure of TSKgel G3000SWXL, 
5 µm, 7.8 mm ID u 30 cm column
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• In the study in 2005 (marked by *** in the chart), the  mobile phase was 
recycled to encourage column failure. 

• Still the column maintained consistency in RT, AF and N over ~2900 injections 
of protein standard mixture, after that the % RSD was greater than 5%.

• The columns never reached or exceeded pressure limit in this study.
• This study shows that the column maintained its consistency in terms of 

packing and bonding chemistry over the years.

Figure 11: Backpressure: conclusions
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Conclusions

• Silica-based diol-bonded size exclusion chromatography TSKgel G3000SWXL columns
are robust. 

• Results show excellent reproducibility in retention time with a very low percent relative 
standard deviation (% RSD) of <1% (n=10) within the same lot and between the lots.

• The column had a very long lifetime under the experimental conditions of this study. 

• Even with the monoclonal antibody and human sera samples the columns had a long 
lifetime. 

• There was no change in the column matrix consistency over the years from 2005 until 
the present time.

• Lot-to-lot consistency is excellent irrespective of silica lot or bonding chemistry lot.

• The study shows the reliability and dependability of the column in the separation of 
proteins.

• Since columns were studied without guard column and filtration of the sample, mobile 
phase, etc., lifetime of the column can further be improved by using these features to 
further protect the column.

29
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Further reading

Please refer to the TosohTalk blog on the Tosoh Bioscience LLC 
website: “How long does a column last?” – a discussion on how to take 
care of columns to increase their lifetime. 
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Introduction 
• Reversed phase chromatography is one of the most frequently used 

chromatographic modes for analytical separations, particularly for the analysis 
of small molecules.  

• But conventional reversed phase HPLC packing materials with 8 -14 nm pore 
sizes are generally not suitable for the analysis of large intact proteins, due to 
less accessible pores.  

• The packing of the TSKgel® Protein C4-300 column is prepared by polymeric 
butyl (C4) groups and subsequent endcapping with trimethylsilyl (TMS) groups 
to 3 μm spherical silica gel with 30 nm pore size.  

• Controlled bonding density of C4 short alkyl chain and the large pore size, 
allowing macromolecules better access to the interior of the pore and 
subsequently more efficient mass transfer, provides higher retention and higher 
peak capacities than reversed phase columns with 10 nm pore size.  

• Moderate hydrophobicity of the TSKgel Protein C4-300 column is suitable for 
protein separation with good recovery.  

• Recently at Spring ACS 2013, studies were published on the TSKgel Protein 
C4-300 column for the analysis of proteins and monoclonal antibody.  

• Here we report some additional data about the separation of proteins and 
monoclonal antibodies using this column.  

2 
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Specifications of the TSKgel Protein C4-300 
Column 

3 
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TSKgel Protein C4-300 Column  

4 

The larger pore size of the TSKgel Protein C4-300 column helps in more efficient mass transfer 
during chromatographic analysis. 
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Specifications of the TSKgel UltraSW Aggregate 
SEC Column used for Orthogonal Separation 

• Base material:  Silica gel 
• Functional group:  Diol 
• This new SEC column is designed for mAb aggregate separation from 

its monomer.   
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Material and Methods 

Columns 
• TSKgel Protein C4-300, 4.6 mm ID x 10 cm, 3 μm particle 
• TSKgel TMS-250, 4.6 mm ID x 7.5 cm, 10 μm particle  
• TSKgel UltraSW Aggregate, 7.8 mm ID × 30 cm; 3 μm 

Instrumentation 
• Agilent 1100 HPLC and an Agilent 1200 system with Chemstation  (Rev B.04.02) 

Samples 
• cytochrome C (2.1 mg/mL, Sigma C2037-5G) 
• lysozyme (2.1 mg/mL, Sigma L6876-25G) 
• bovine serum albumin (2.0 mg/mL, Sigma A7906-100G) 
• α-Chymotrypsinogen (2.0 mg/mL, Sigma C-4879) 
• ferritin (4.6 mg/mL, Sigma F4503-100MG) 
• apoferritin (5.0 mg/mL, A-3660) 
• mAb 02 (4.6 mg/mL) – A gift from Tosoh Bioscience, GmbH 
• rHGH (5.0 mg/mL) 

6 
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Chromatographic Conditions 

Mobile phase:  
• A: H2O + 0.1% TFA (unless noted otherwise) 
• B: ACN + 0.1% TFA (unless noted otherwise) 

Linear gradient:  30-50% B over 10 minutes (unless noted otherwise) 
Flow rate:  1.0 mL/min (0.5 mL/min for TSKgel TMS-250) 
Detection:  UV @ 280 nm (unless noted otherwise) 
Temperature:  40 °C (unless noted otherwise) 
Injection vol.: 10 μL (unless noted otherwise) 

High purity HPLC grade Sigma Aldrich chemicals were used in this study. 
High purity 18.2 m.Ohm-cm quality water was used to make buffer and 
samples.  

Individual chromatographic conditions may vary from experiment to 
experiment – please refer to the respective chromatograms. 

7 
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Figure 1: Analysis of Proteins using a TSKgel Protein C4-300, 3 µm, 
4.6 mm ID × 10 cm Column –  Overlay of 5 Consecutive Injections 

8 

• A number of proteins with a wide variety of size and hydrophobicity were well separated. 
• 5 consecutive injections illustrate extremely high reproducibility of results. 
• % RSD was very low (< 0.2) which conforms to the system suitability.  
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Figure 2: Analysis of a Monoclonal Antibody using a TSKgel Protein 
C4-300, 3 µm, 4.6 mm ID×10 cm Column 

9 

• Determination of protein purity and heterogeneity derived is of critical importance in the 
biopharmaceutical industry. 

• Separation of protein hydrophobic variants by RPC requires high resolution and selectivity to fully 
identify the heterogeneous profile of the protein.  

• 3 hydrophobic variants were easily identified from analysis of a mAb using the TSKgel Protein C4-300 
column. 

• 3 consecutive injections yielded low % RSD for k’ for all peaks (% RSD < 0.5)  
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Figure 3: Recovery of Proteins using a TSKgel Protein C4-300, 3 µm, 
4.6 mm ID×10 cm Column  

10 

• Excellent protein recovery (95.5%) was observed using the TSKgel Protein C4-300 column. 
• Figure 4 also illustrates the independence of sample load on protein recovery for the TSKgel Protein 

C4-300 column. 



TOSOH BIOSCIENCE LLC Presented at ASMS 2013, Minneapolis, MN 

Figure 4: Effect of Protein Load on the Recovery of Proteins using a 
TSKgel Protein C4-300, 3 µm, 4.6 mm ID×10 cm Column  
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• BSA protein recovery performed under same chromatographic conditions as figure 3. 
• Linear response observed as a function of increasing protein load was within the experimental 

range studied on the TSKgel Protein C4-300 column. 
• Linear regression yielded a coefficient of regression value of ~ 0.999 up to a protein load of 0.8 µg. 
• High protein recoveries were obtained at all concentrations of BSA loaded onto the TSKgel Protein 

C4-300 column. 
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Analysis of r-Human Growth Hormone (rHGH) Protein using the 
TSKgel Protein C4-300, 3 µm, 4.6 mm ID×10 cm Column and 
Fluorescence as Detection 

12 

• Fluorescence detectors offer some of the highest sensitivities among currently 
available HPLC detectors.  

• Detection of fluorescent analytes is 10-1,000 times more sensitive than that of 
strongly absorbing UV species using a traditional UV detector.  

• Natural fluorescence is a property intrinsic to most proteins due to the 
presence of conjugated pi-electron systems found primarily in tryptophan 
residues located in the primary structure of the protein. Tyrosine and 
phenylalanine also exhibit fluorescence, but with a far lesser quantum yield in 
comparison to tryptophan.  

• Tryptophan strongly absorbs energy at 280 nm and emits energy in the form of 
fluorescence at 340 nm.   

• Tyrosine and phenyl alanine are the two other intrinsic fluorophores.  
• The natural fluorescence found in proteins, combined with the fluorescence 

transparency of common reversed phase mobile phases, makes RPC-FLD a 
highly sensitive and specific method of analysis for a wide array of proteins. 
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Figure 5: Analysis of r-Human Growth Hormone (rHGH) Protein 
using the TSKgel Protein C4-300, 3 µm, 4.6 mm ID×10 cm Column 

  
• Analysis of r-Human Growth Hormone (rHGH) using the TSKgel Protein C4-300 column and 

fluorescence as detection were carried out.  
• The analysis yielded high resolution between the main peak and the peaks on either side (11.55 min 

and 12.394 min).  
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Orthogonal Separation of a Large Hydrophobic 
Protein using SEC and RPC 
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• Size exclusion chromatography  (SEC) is commonly used in proteomics for 
the determination of the distribution of protein monomers, dimers, and 
higher order aggregates. 

• While SEC can separate analytes of different hydrodynamic radii, 
differences in hydrophobicity go unnoticed and can co-elute during a SEC 
separation. 

• Reversed phase chromatography (RPC) offers an orthogonal separation 
mode to SEC to further characterize analyte composition. 

• Fraction collection from SEC usually results in highly dilute samples which 
may require additional preparation steps for accurate quantitation using 
UV/Vis detection with RPC. 

• SEC-RPC-FLD results in extremely high sensitivity, eliminating additional 
sample preparation procedures prior to RPC analysis. 
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Figure 6: Orthogonal Separation of a Large Hydrophobic 
Protein using SEC and RPC 
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• Panel 1: Separation of 
apoferritin (450 kDa) using the 
TSKgel UltraSW Aggregate 
SEC column (Shaded region 
depicts collected fraction used 
for analysis by RPC in panel 2) 

 
• Panel 2: Analysis of apoferritin 

monomer (collected from SEC 
separation in panel 1) on 
TSKgel Protein C4-300 column 
using FLD detection 
 

• Panel 3: Separation of 
apoferritin on TSKgel Protein 
C4-300 using FLD detection 
 

The orthogonal analysis clearly 
shows that the monomer of the 
apoferritin could be separated 
completely from heterogenic 
impurities.  
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TSKgel Protein C4-300 vs. TSKgel TMS-250 
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• Both columns offer a large pore size for high mass transfer within the stationary phase. 
• The 3 µm particle size of the TSKgel Protein C4-300 columns yields higher resolution compared to 

the TSKgel TMS-250. 
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Figure 7: Separation of Apoferritin using 30 nm TSKgel Protein      
C4-300, 3 µm, 4.6 mm ID×10 cm Column and 25 nm TSKgel TMS-250, 
10 µm, 4.6 mm ID×7.5 cm Column  

• The TSKgel Protein C4-300 column yields higher resolution compared to the TSKgel TMS-250. 
• Both columns yielded consistency over 3 consecutive injections.  
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Conclusions 

• A number of proteins with a variety of sizes and hydrophobicity were well 
separated using the TSKgel Protein C4-300 column. 

• Excellent reproducibility was obtained from injection to injection.  

• The column yielded an excellent recovery (> 90%) of proteins.  

• The TSKgel Protein C4-300 column could be used for the orthogonal 
separation of proteins.  

• The TSKgel Protein C4-300 column, which has a large pore size of 30 nm, is 
suitable for highly efficient, reversed phase separations of large proteins. 
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