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Overview
 Thermo Scientific™ ProSwift™ RP-4H monolith columns possess large through pores 

that allow the column to operate at much lower backpressures than conventional non-
porous, packed columns

 At a constant gradient time, the flow rate can be increased to increase protein peak 
capacity and shorten sample cycle time  to significantly reduce overall analysis time for 
high throughput applications

 Capillary ProSwift RP-4H monolith columns  can be readily used in combination with 
MS to detect and characterize hundreds of proteins in complex cell lysate samples

Introduction
Chromatographic Media for Protein Separations

The separation of proteins is of great importance in the areas of clinical research, 
systems biology, biomarker discovery, and proteomics. The limits of protein separation 
and detection in these applications are constantly being approached resulting in the need 
to develop more advanced chromatographic media and MS instrumentation to keep pace 
with this constantly evolving field.  Many conventional methods for protein analysis rely 
on bottom-up proteomics workflows, which involve the enzymatic digestion of proteins 
with subsequent LC-MS analysis to separate and identify the resulting peptides.  
Computational analysis is then used to re-stitch these fragments back together to 
determine the original protein structures and make-up of the sample.  Recently, there has 
been rapid growth in the area of top-down proteomics, which entails the separation and 
MS characterization of intact proteins derived from cell lysate and tissue samples.  For 
continued growth of top-down methods, the challenges associated with separation of 
these complex, often unrefined, protein samples must be addressed through the 
development of new chromatographic media.

A monolith column consists of a continuous polymer rod composed of larger through 
pores, which result in low backpressure at elevated flow rates, and smaller pores for 
efficient analyte separation without the drawback of poor diffusive mass transfer. These 
properties make these materials uniquely suited for the analysis of intact proteins, in 
contrast to conventional packed columns, which can suffer from high backpressure, 
column fouling, and poor loading depending on the size and surface characteristics of the 
particulate media.  For monoliths, the low column backpressure enables the user to 
operate at higher flow rates to adjust the gradient length resulting in increased protein 
resolution and thus improved separation for MS detection.  Furthermore, higher flow rates 
lead to reduced method times allowing one to analyze a greater number of samples in a 
shorter amount of time for high throughput applications.

Here, we demonstrate the benefits of using monolithic columns for the purposes of MS 
detection and characterization of cell lysate samples containing hundreds proteins.  First, 
we show the effect of eluent flow rate on protein peak resolution and analysis time when 
using a constant gradient time.  Second, the monolith columns are used to analyze 
molecular weight fractions derived from cell lysates of a mammalian cell line.  Application 
of the methods shown here can be used to optimize the user’s workflow in order to 
maximize the number of proteins identified in a given sample set while minimizing the 
total time necessary for high throughput applications.

Results
Protein Separation on Monolith Columns
Monolith Structure and Flow Rate Effects
The SEM image in Figure 1 illustrates the presence of both large and small pores in the 
structure of the ProSwift RP-4H monolith. The larger pores enable the use of higher flow 
rates for convective mass transfer of the analyte to the functional surface. The narrow 
distribution of  smaller pores evidenced in the porosimetry plot promote efficient 
separations of the proteins. Even at higher flow rates, the presence of the larger pores 
results in a low column backpressure as can be observed in the column pressure versus 
linear eluent velocity in Figure 2. This property of the monolith column allows operation at 
room temperature when used with high pressure downstream components related to MS.

FIGURE 1. Pore distribution of the ProSwift RP-4H monolith; 5000x SEM Image (left)
and mercury intrusion porosimetry plot (right).

Experimental
Method
ProSwift RP-4H Monolithic Nano Column, nanoViper
 200 µm x 25 cm (P/N 164923)
 100 µm x 50 cm (P/N 164921)

Thermo Scientific™ Dionex™ UltiMate™ RSLCnano system  with UV Detection

Thermo Scientific™ Orbitrap Elite™ Mass Spectrometer

Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System Software 

Thermo Scientific™ Xcalibur™ Software

Thermo Scientific™ ProSightPC 2.0 Software

Peptide/Protein Mixture
1 μL Sample Loop

Angiotensin II, Substance P, Lysozyme, Myoglobin, L-Lactic Dehydrogenase each 3 
µg/mL in water +0.1% TFA

Cell Lysate Fractions
5 μL injection loop

HeLa Cell lysate molecular weight fractions 11–23 kDa and 20–52 kDa

Conclusion
Protein Separation and Analysis on Monolithic Columns
 Monolith columns possess a combination of larger through pores for eluent flow and 

smaller pores for analyte separation that make them well suited for the separation of 
protein samples using elevated flow rates while maintaining a low column back 
pressure with efficient convective mass transfer

 Increasing eluent flow rate on monolith columns can result in narrower peaks to give a 
higher peak capacity for a given gradient run and reduce the overall analysis time for 
high throughput applications

 ProSwift RP-4H capillary monolith columns are less prone to fouling than conventional 
porous particle-based media and can be used for hundreds of runs without 
degradation of column performance

 ProSwift RP-4H capillary monolith columns are well-suited for the separation of 
samples containing hundreds of proteins for the purposes of MS detection and 
characterization
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Mass Spectrometry Analysis on Capillary Monolith Columns
Analysis of Molecular Weight Fractions from HeLa Cell Lysates
The ProSwift RP-4H capillary columns are specifically designed to be used at flow rates 
suitable for MS detection of proteins. Figure 5 shows MS detection and characterization 
of protein molecular weight fractions derived from HeLa cell lysates following separation 
on a ProSwift RP-4H 100 µm x 50 cm column. At an operational flow rate of only             
1 µL/min, the monolith column provides excellent resolution of individual peaks in these 
samples containing 100’s to 1000’s of proteins.  This results in clear signals for MS 
detection and characterization of the many gene products (proteins encoded by distinctly 
different genes) and proteoforms (protein forms resulting from the same gene after a 
combination of alternative splicing events and post-translational modifications) separated 
by the gradient. For the 11–23 kDa sample, 158 gene products and 332 proteoforms 
were identified, and, for the 20–52 kDa sample, 59 gene products and 273 proteoforms 
were identified using ProSightPC 2.0 software to search against a Homo sapiens
taxonomy subset of the Swiss Prot database. For both samples, the identifications 
obtained from the ProSwift RP-4H separation were significantly greater in comparison to 
identifications obtained using existing resin-based separation protocols (e.g., DVB or C4). 
These results show that the monolith ProSwift RP-4H columns are well suited to 
separating proteins in both low and high molecular weight ranges at the low flow rates 
required for MS detection. 

The data also illustrates the reverse phase functionality of the column media without the 
influence of size exclusion since both low and high molecular weight proteins elute at 
both early and late stages of the gradient. Controlling the properties of the gradient 
(eluent composition and flow rate, gradient time, temperature, etc.) allows fine tuning of 
the separation for the specific application in order to optimize resolution, detection 
sensitivity, and analysis time.

Reproducibility of Separation on Monolith Columns

Fouling is a common problem associated with the analysis of protein samples on 
conventional HPLC media leading to degradation of column performance over time and 
reduced column capacity. This is typically evidenced by a reduction in peak retention 
time. The constant peak retention times for a peptide/protein mixture in Figure 4 shows 
excellent reproducibility over 500+ runs for the ProSwift RP-4H monolith column.  
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FIGURE 2. Column pressure at different temperatures measured over a range of 
linear velocities on the ProSwift RP-4H capillary column.

FIGURE 3. The effect of increased flow rate using a constant gradient time on a 
ProSwift RP-4H 200 µm x 25 cm column.
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Column: ProSwift RP-4H 200 µm x 25 cm 
Eluents: A: H2O/CH3CN (95/5 v/v) + 0.1% TFA

B: H2O/CH3CN (5/95 v/v) + 0.1% TFA
Gradient: 1 – 65% B in 10 minutes
Flow Rate: 2, 4, and 8 µL/min
Inj. Vol: 1 µL
Temp: 35 oC
Sample: Peptides and proteins each at 5 µg/mL

Order of elution: 
1. Angiotensin II
2. Substance P
3. Lysozyme
4. Myoglobin
5. L-Lactic Dehydrogenase

FIGURE 5. LC-MS analysis of molecular weight fractions from HeLa cell lysates using
a ProSwift RP-4H 100 µm x 50 cm column. Left: 11–23 kDa, Right: 20–52 kDa

Column: ProSwift RP-4H 100 µm x 50 cm
Eluents: A: water/acetonitrile (95/5 v/v) + 0.2 % formic acid

B: water/acetonitrile (5/95 v/v) + 0.2 % formic acid
Gradient: 5 – 55% B in 50 minutes
Flow Rate:1 µL/min

Inj. Vol: 5 µL
Temp: Room temperature
Detection:Thermo Scientific™ Orbitrap Elite with Thermo Scientific™ 

Xcalibur™ Software
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Effect of Eluent Flow Rate on Protein Resolution and Sample Throughput

Figure 3 demonstrates how simply increasing the flow rate on the ProSwift RP-4H 
monolith column can increase the peak capacity. Retaining the original gradient at 
increase flow rate provides increased resolution  and faster elution of the desorbed 
protein means they elute from the column with less influence of diffusion. This results in 
narrower peaks to provide a greater peak capacity (47, 72 and 95 at 2,4 and 8 µL/min 
respectively) over the same gradient time. Additionally, the decrease in gradient delay at 
higher flow rates results in an overall shorter analysis time. When analyzing a large 
number of samples, these small changes in separation time can significantly reduce the 
amount of time required to complete analysis. The overall effect is approximately a 
1.25X decrease in analysis time by increasing the flow rate from 2 µL/min to 8 µL/min.

FIGURE 4. Run reproducibility for a ProSwift RP-4H monolith column, 200 µm x 25 cm 
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Overview
 Thermo Scientific™ ProSwift™ RP-4H monolith columns possess large through pores 

that allow the column to operate at much lower backpressures than conventional non-
porous, packed columns

 At a constant gradient time, the flow rate can be increased to increase protein peak 
capacity and shorten sample cycle time  to significantly reduce overall analysis time for 
high throughput applications

 Capillary ProSwift RP-4H monolith columns  can be readily used in combination with 
MS to detect and characterize hundreds of proteins in complex cell lysate samples

Introduction
Chromatographic Media for Protein Separations

The separation of proteins is of great importance in the areas of clinical research, 
systems biology, biomarker discovery, and proteomics. The limits of protein separation 
and detection in these applications are constantly being approached resulting in the need 
to develop more advanced chromatographic media and MS instrumentation to keep pace 
with this constantly evolving field.  Many conventional methods for protein analysis rely 
on bottom-up proteomics workflows, which involve the enzymatic digestion of proteins 
with subsequent LC-MS analysis to separate and identify the resulting peptides.  
Computational analysis is then used to re-stitch these fragments back together to 
determine the original protein structures and make-up of the sample.  Recently, there has 
been rapid growth in the area of top-down proteomics, which entails the separation and 
MS characterization of intact proteins derived from cell lysate and tissue samples.  For 
continued growth of top-down methods, the challenges associated with separation of 
these complex, often unrefined, protein samples must be addressed through the 
development of new chromatographic media.

A monolith column consists of a continuous polymer rod composed of larger through 
pores, which result in low backpressure at elevated flow rates, and smaller pores for 
efficient analyte separation without the drawback of poor diffusive mass transfer. These 
properties make these materials uniquely suited for the analysis of intact proteins, in 
contrast to conventional packed columns, which can suffer from high backpressure, 
column fouling, and poor loading depending on the size and surface characteristics of the 
particulate media.  For monoliths, the low column backpressure enables the user to 
operate at higher flow rates to adjust the gradient length resulting in increased protein 
resolution and thus improved separation for MS detection.  Furthermore, higher flow rates 
lead to reduced method times allowing one to analyze a greater number of samples in a 
shorter amount of time for high throughput applications.

Here, we demonstrate the benefits of using monolithic columns for the purposes of MS 
detection and characterization of cell lysate samples containing hundreds proteins.  First, 
we show the effect of eluent flow rate on protein peak resolution and analysis time when 
using a constant gradient time.  Second, the monolith columns are used to analyze 
molecular weight fractions derived from cell lysates of a mammalian cell line.  Application 
of the methods shown here can be used to optimize the user’s workflow in order to 
maximize the number of proteins identified in a given sample set while minimizing the 
total time necessary for high throughput applications.

Results
Protein Separation on Monolith Columns
Monolith Structure and Flow Rate Effects
The SEM image in Figure 1 illustrates the presence of both large and small pores in the 
structure of the ProSwift RP-4H monolith. The larger pores enable the use of higher flow 
rates for convective mass transfer of the analyte to the functional surface. The narrow 
distribution of  smaller pores evidenced in the porosimetry plot promote efficient 
separations of the proteins. Even at higher flow rates, the presence of the larger pores 
results in a low column backpressure as can be observed in the column pressure versus 
linear eluent velocity in Figure 2. This property of the monolith column allows operation at 
room temperature when used with high pressure downstream components related to MS.

FIGURE 1. Pore distribution of the ProSwift RP-4H monolith; 5000x SEM Image (left)
and mercury intrusion porosimetry plot (right).

Experimental
Method
ProSwift RP-4H Monolithic Nano Column, nanoViper
 200 µm x 25 cm (P/N 164923)
 100 µm x 50 cm (P/N 164921)

Thermo Scientific™ Dionex™ UltiMate™ RSLCnano system  with UV Detection

Thermo Scientific™ Orbitrap Elite™ Mass Spectrometer

Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System Software 

Thermo Scientific™ Xcalibur™ Software

Thermo Scientific™ ProSightPC 2.0 Software

Peptide/Protein Mixture
1 μL Sample Loop

Angiotensin II, Substance P, Lysozyme, Myoglobin, L-Lactic Dehydrogenase each 3 
µg/mL in water +0.1% TFA

Cell Lysate Fractions
5 μL injection loop

HeLa Cell lysate molecular weight fractions 11–23 kDa and 20–52 kDa

Conclusion
Protein Separation and Analysis on Monolithic Columns
 Monolith columns possess a combination of larger through pores for eluent flow and 

smaller pores for analyte separation that make them well suited for the separation of 
protein samples using elevated flow rates while maintaining a low column back 
pressure with efficient convective mass transfer

 Increasing eluent flow rate on monolith columns can result in narrower peaks to give a 
higher peak capacity for a given gradient run and reduce the overall analysis time for 
high throughput applications

 ProSwift RP-4H capillary monolith columns are less prone to fouling than conventional 
porous particle-based media and can be used for hundreds of runs without 
degradation of column performance

 ProSwift RP-4H capillary monolith columns are well-suited for the separation of 
samples containing hundreds of proteins for the purposes of MS detection and 
characterization
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Mass Spectrometry Analysis on Capillary Monolith Columns
Analysis of Molecular Weight Fractions from HeLa Cell Lysates
The ProSwift RP-4H capillary columns are specifically designed to be used at flow rates 
suitable for MS detection of proteins. Figure 5 shows MS detection and characterization 
of protein molecular weight fractions derived from HeLa cell lysates following separation 
on a ProSwift RP-4H 100 µm x 50 cm column. At an operational flow rate of only             
1 µL/min, the monolith column provides excellent resolution of individual peaks in these 
samples containing 100’s to 1000’s of proteins.  This results in clear signals for MS 
detection and characterization of the many gene products (proteins encoded by distinctly 
different genes) and proteoforms (protein forms resulting from the same gene after a 
combination of alternative splicing events and post-translational modifications) separated 
by the gradient. For the 11–23 kDa sample, 158 gene products and 332 proteoforms 
were identified, and, for the 20–52 kDa sample, 59 gene products and 273 proteoforms 
were identified using ProSightPC 2.0 software to search against a Homo sapiens
taxonomy subset of the Swiss Prot database. For both samples, the identifications 
obtained from the ProSwift RP-4H separation were significantly greater in comparison to 
identifications obtained using existing resin-based separation protocols (e.g., DVB or C4). 
These results show that the monolith ProSwift RP-4H columns are well suited to 
separating proteins in both low and high molecular weight ranges at the low flow rates 
required for MS detection. 

The data also illustrates the reverse phase functionality of the column media without the 
influence of size exclusion since both low and high molecular weight proteins elute at 
both early and late stages of the gradient. Controlling the properties of the gradient 
(eluent composition and flow rate, gradient time, temperature, etc.) allows fine tuning of 
the separation for the specific application in order to optimize resolution, detection 
sensitivity, and analysis time.

Reproducibility of Separation on Monolith Columns

Fouling is a common problem associated with the analysis of protein samples on 
conventional HPLC media leading to degradation of column performance over time and 
reduced column capacity. This is typically evidenced by a reduction in peak retention 
time. The constant peak retention times for a peptide/protein mixture in Figure 4 shows 
excellent reproducibility over 500+ runs for the ProSwift RP-4H monolith column.  
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FIGURE 2. Column pressure at different temperatures measured over a range of 
linear velocities on the ProSwift RP-4H capillary column.

FIGURE 3. The effect of increased flow rate using a constant gradient time on a 
ProSwift RP-4H 200 µm x 25 cm column.
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Column: ProSwift RP-4H 200 µm x 25 cm 
Eluents: A: H2O/CH3CN (95/5 v/v) + 0.1% TFA

B: H2O/CH3CN (5/95 v/v) + 0.1% TFA
Gradient: 1 – 65% B in 10 minutes
Flow Rate: 2, 4, and 8 µL/min
Inj. Vol: 1 µL
Temp: 35 oC
Sample: Peptides and proteins each at 5 µg/mL

Order of elution: 
1. Angiotensin II
2. Substance P
3. Lysozyme
4. Myoglobin
5. L-Lactic Dehydrogenase

FIGURE 5. LC-MS analysis of molecular weight fractions from HeLa cell lysates using
a ProSwift RP-4H 100 µm x 50 cm column. Left: 11–23 kDa, Right: 20–52 kDa

Column: ProSwift RP-4H 100 µm x 50 cm
Eluents: A: water/acetonitrile (95/5 v/v) + 0.2 % formic acid

B: water/acetonitrile (5/95 v/v) + 0.2 % formic acid
Gradient: 5 – 55% B in 50 minutes
Flow Rate:1 µL/min

Inj. Vol: 5 µL
Temp: Room temperature
Detection:Thermo Scientific™ Orbitrap Elite with Thermo Scientific™ 

Xcalibur™ Software
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Effect of Eluent Flow Rate on Protein Resolution and Sample Throughput

Figure 3 demonstrates how simply increasing the flow rate on the ProSwift RP-4H 
monolith column can increase the peak capacity. Retaining the original gradient at 
increase flow rate provides increased resolution  and faster elution of the desorbed 
protein means they elute from the column with less influence of diffusion. This results in 
narrower peaks to provide a greater peak capacity (47, 72 and 95 at 2,4 and 8 µL/min 
respectively) over the same gradient time. Additionally, the decrease in gradient delay at 
higher flow rates results in an overall shorter analysis time. When analyzing a large 
number of samples, these small changes in separation time can significantly reduce the 
amount of time required to complete analysis. The overall effect is approximately a 
1.25X decrease in analysis time by increasing the flow rate from 2 µL/min to 8 µL/min.

FIGURE 4. Run reproducibility for a ProSwift RP-4H monolith column, 200 µm x 25 cm 
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porous, packed columns

 At a constant gradient time, the flow rate can be increased to increase protein peak 
capacity and shorten sample cycle time to significantly reduce overall analysis time for 
high throughput applications

 Capillary ProSwift RP-4H monolith columns can be readily used in combination with 
MS to detect and characterize hundreds of proteins in complex cell lysate samples

Introduction
Chromatographic Media for Protein Separations

The separation of proteins is of great importance in the areas of clinical research, 
systems biology, biomarker discovery, and proteomics. The limits of protein separation 
and detection in these applications are constantly being approached resulting in the need 
to develop more advanced chromatographic media and MS instrumentation to keep pace
with this constantly evolving field. Many conventional methods for protein analysis rely
on bottom-up proteomics workflows, which involve the enzymatic digestion of proteins
with subsequent LC-MS analysis to separate and identify the resulting peptides.  
Computational analysis is then used to re-stitch these fragments back together to 
determine the original protein structures and make-up of the sample.  Recently, there has 
been rapid growth in the area of top-down proteomics, which entails the separation and 
MS characterization of intact proteins derived from cell lysate and tissue samples. For 
continued growth of top-down methods, the challenges associated with separation of 
these complex, often unrefined, protein samples must be addressed through the 
development of new chromatographic media.

A monolith column consists of a continuous polymer rod composed of larger through 
pores, which result in low backpressure at elevated flow rates, and smaller pores for 
efficient analyte separation without the drawback of poor diffusive mass transfer. These
properties make these materials uniquely suited for the analysis of intact proteins, in 
contrast to conventional packed columns, which can suffer from high backpressure, 
column fouling, and poor loading depending on the size and surface characteristics of the 
particulate media.  For monoliths, the low column backpressure enables the user to 
operate at higher flow rates to adjust the gradient length resulting in increased protein 
resolution and thus improved separation for MS detection.  Furthermore, higher flow rates 
lead to reduced method times allowing one to analyze a greater number of samples in a 
shorter amount of time for high throughput applications.

Here, we demonstrate the benefits of using monolithic columns for the purposes of MS
detection and characterization of cell lysate samples containing hundreds proteins.  First, 
we show the effect of eluent flow rate on protein peak resolution and analysis time when 
using a constant gradient time. Second, the monolith columns are used to analyze 
molecular weight fractions derived from cell lysates of a mammalian cell line. Application 
of the methods shown here can be used to optimize the user’s workflow in order to 
maximize the number of proteins identified in a given sample set while minimizing the 
total time necessary for high throughput applications.

Results
Protein Separation on Monolith Columns
Monolith Structure and Flow Rate Effects
The SEM image in Figure 1 illustrates the presence of both large and small pores in the 
structure of the ProSwift RP-4H monolith. The larger pores enable the use of higher flow 
rates for convective mass transfer of the analyte to the functional surface. The narrow 
distribution of  smaller pores evidenced in the porosimetry plot promote efficient 
separations of the proteins. Even at higher flow rates, the presence of the larger pores 
results in a low column backpressure as can be observed in the column pressure versus 
linear eluent velocity in Figure 2. This property of the monolith column allows operation at 
room temperature when used with high pressure downstream components related to MS.

FIGURE 1. Pore distribution of the ProSwift RP-4H monolith; 5000x SEM Image (left)
and mercury intrusion porosimetry plot (right).

Experimental
Method
ProSwift RP-4H Monolithic Nano Column, nanoViper
 200 µm x 25 cm (P/N 164923)
 100 µm x 50 cm (P/N 164921)

Thermo Scientific™ Dionex™ UltiMate™ RSLCnano system  with UV Detection

Thermo Scientific™ Orbitrap Elite™ Mass Spectrometer

Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System Software 

Thermo Scientific™ Xcalibur™ Software

Thermo Scientific™ ProSightPC 2.0 Software

Peptide/Protein Mixture
1 μL Sample Loop

Angiotensin II, Substance P, Lysozyme, Myoglobin, L-Lactic Dehydrogenase each 3 
µg/mL in water +0.1% TFA

Cell Lysate Fractions
5 μL injection loop

HeLa Cell lysate molecular weight fractions 11–23 kDa and 20–52 kDa

Conclusion
Protein Separation and Analysis on Monolithic Columns
 Monolith columns possess a combination of larger through pores for eluent flow and 

smaller pores for analyte separation that make them well suited for the separation of 
protein samples using elevated flow rates while maintaining a low column back 
pressure with efficient convective mass transfer

 Increasing eluent flow rate on monolith columns can result in narrower peaks to give a 
higher peak capacity for a given gradient run and reduce the overall analysis time for
high throughput applications

 ProSwift RP-4H capillary monolith columns are less prone to fouling than conventional
porous particle-based media and can be used for hundreds of runs without 
degradation of column performance

 ProSwift RP-4H capillary monolith columns are well-suited for the separation of 
samples containing hundreds of proteins for the purposes of MS detection and 
characterization
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Mass Spectrometry Analysis on Capillary Monolith Columns
Analysis of Molecular Weight Fractions from HeLa Cell Lysates
The ProSwift RP-4H capillary columns are specifically designed to be used at flow rates
suitable for MS detection of proteins. Figure 5 shows MS detection and characterization 
of protein molecular weight fractions derived from HeLa cell lysates following separation 
on a ProSwift RP-4H 100 µm x 50 cm column. At an operational flow rate of only 
1 µL/min, the monolith column provides excellent resolution of individual peaks in these 
samples containing 100’s to 1000’s of proteins. This results in clear signals for MS
detection and characterization of the many gene products (proteins encoded by distinctly 
different genes) and proteoforms (protein forms resulting from the same gene after a 
combination of alternative splicing events and post-translational modifications) separated 
by the gradient. For the 11–23 kDa sample, 158 gene products and 332 proteoforms 
were identified, and, for the 20–52 kDa sample, 59 gene products and 273 proteoforms 
were identified using ProSightPC 2.0 software to search against a Homo sapiens
taxonomy subset of the Swiss Prot database. For both samples, the identifications
obtained from the ProSwift RP-4H separation were significantly greater in comparison to 
identifications obtained using existing resin-based separation protocols (e.g., DVB or C4). 
These results show that the monolith ProSwift RP-4H columns are well suited to 
separating proteins in both low and high molecular weight ranges at the low flow rates 
required for MS detection. 

The data also illustrates the reverse phase functionality of the column media without the 
influence of size exclusion since both low and high molecular weight proteins elute at 
both early and late stages of the gradient. Controlling the properties of the gradient 
(eluent composition and flow rate, gradient time, temperature, etc.) allows fine tuning of 
the separation for the specific application in order to optimize resolution, detection 
sensitivity, and analysis time.

Reproducibility of Separation on Monolith Columns

Fouling is a common problem associated with the analysis of protein samples on 
conventional HPLC media leading to degradation of column performance over time and 
reduced column capacity. This is typically evidenced by a reduction in peak retention 
time. The constant peak retention times for a peptide/protein mixture in Figure 4 shows 
excellent reproducibility over 500+ runs for the ProSwift RP-4H monolith column.  
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FIGURE 2. Column pressure at different temperatures measured over a range of 
linear velocities on the ProSwift RP-4H capillary column.

FIGURE 3. The effect of increased flow rate using a constant gradient time on a 
ProSwift RP-4H 200 µm x 25 cm column.
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Column: ProSwift RP-4H 200 µm x 25 cm
Eluents: A: H2O/CH3CN (95/5 v/v) + 0.1% TFA

B: H2O/CH3CN (5/95 v/v) + 0.1% TFA
Gradient: 1 – 65% B in 10 minutes
Flow Rate: 2, 4, and 8 µL/min
Inj. Vol: 1 µL
Temp: 35 oC
Sample: Peptides and proteins each at 5 µg/mL

Order of elution:
1. Angiotensin II
2. Substance P
3. Lysozyme
4. Myoglobin
5. L-Lactic Dehydrogenase

FIGURE 5. LC-MS analysis of molecular weight fractions from HeLa cell lysates using
a ProSwift RP-4H 100 µm x 50 cm column. Left: 11–23 kDa, Right: 20–52 kDa

Column: ProSwift RP-4H 100 µm x 50 cm
Eluents: A: water/acetonitrile (95/5 v/v) + 0.2 % formic acid

B: water/acetonitrile (5/95 v/v) + 0.2 % formic acid
Gradient: 5 – 55% B in 50 minutes
Flow Rate:1 µL/min

Inj. Vol: 5 µL
Temp: Room temperature
Detection:Thermo Scientific™ Orbitrap Elite with Thermo Scientific™

Xcalibur™ Software
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Effect of Eluent Flow Rate on Protein Resolution and Sample Throughput

Figure 3 demonstrates how simply increasing the flow rate on the ProSwift RP-4H 
monolith column can increase the peak capacity. Retaining the original gradient at 
increase flow rate provides increased resolution  and faster elution of the desorbed 
protein means they elute from the column with less influence of diffusion. This results in 
narrower peaks to provide a greater peak capacity (47, 72 and 95 at 2,4 and 8 µL/min 
respectively) over the same gradient time. Additionally, the decrease in gradient delay at 
higher flow rates results in an overall shorter analysis time. When analyzing a large 
number of samples, these small changes in separation time can significantly reduce the 
amount of time required to complete analysis. The overall effect is approximately a 
1.25X decrease in analysis time by increasing the flow rate from 2 µL/min to 8 µL/min.

FIGURE 4. Run reproducibility for a ProSwift RP-4H monolith column, 200 µm x 25 cm
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Overview
 Thermo Scientific™ ProSwift™ RP-4H monolith columns possess large through pores 

that allow the column to operate at much lower backpressures than conventional non-
porous, packed columns

 At a constant gradient time, the flow rate can be increased to increase protein peak 
capacity and shorten sample cycle time to significantly reduce overall analysis time for 
high throughput applications

 Capillary ProSwift RP-4H monolith columns can be readily used in combination with 
MS to detect and characterize hundreds of proteins in complex cell lysate samples

Introduction
Chromatographic Media for Protein Separations

The separation of proteins is of great importance in the areas of clinical research, 
systems biology, biomarker discovery, and proteomics. The limits of protein separation 
and detection in these applications are constantly being approached resulting in the need 
to develop more advanced chromatographic media and MS instrumentation to keep pace
with this constantly evolving field. Many conventional methods for protein analysis rely
on bottom-up proteomics workflows, which involve the enzymatic digestion of proteins
with subsequent LC-MS analysis to separate and identify the resulting peptides.  
Computational analysis is then used to re-stitch these fragments back together to 
determine the original protein structures and make-up of the sample.  Recently, there has 
been rapid growth in the area of top-down proteomics, which entails the separation and 
MS characterization of intact proteins derived from cell lysate and tissue samples. For 
continued growth of top-down methods, the challenges associated with separation of 
these complex, often unrefined, protein samples must be addressed through the 
development of new chromatographic media.

A monolith column consists of a continuous polymer rod composed of larger through 
pores, which result in low backpressure at elevated flow rates, and smaller pores for 
efficient analyte separation without the drawback of poor diffusive mass transfer. These
properties make these materials uniquely suited for the analysis of intact proteins, in 
contrast to conventional packed columns, which can suffer from high backpressure, 
column fouling, and poor loading depending on the size and surface characteristics of the 
particulate media.  For monoliths, the low column backpressure enables the user to 
operate at higher flow rates to adjust the gradient length resulting in increased protein 
resolution and thus improved separation for MS detection.  Furthermore, higher flow rates 
lead to reduced method times allowing one to analyze a greater number of samples in a 
shorter amount of time for high throughput applications.

Here, we demonstrate the benefits of using monolithic columns for the purposes of MS
detection and characterization of cell lysate samples containing hundreds proteins.  First, 
we show the effect of eluent flow rate on protein peak resolution and analysis time when 
using a constant gradient time. Second, the monolith columns are used to analyze 
molecular weight fractions derived from cell lysates of a mammalian cell line. Application 
of the methods shown here can be used to optimize the user’s workflow in order to 
maximize the number of proteins identified in a given sample set while minimizing the 
total time necessary for high throughput applications.

Results
Protein Separation on Monolith Columns
Monolith Structure and Flow Rate Effects
The SEM image in Figure 1 illustrates the presence of both large and small pores in the 
structure of the ProSwift RP-4H monolith. The larger pores enable the use of higher flow
rates for convective mass transfer of the analyte to the functional surface. The narrow
distribution of smaller pores evidenced in the porosimetry plot promote efficient 
separations of the proteins. Even at higher flow rates, the presence of the larger pores 
results in a low column backpressure as can be observed in the column pressure versus 
linear eluent velocity in Figure 2. This property of the monolith column allows operation at 
room temperature when used with high pressure downstream components related to MS.

FIGURE 1. Pore distribution of the ProSwift RP-4H monolith; 5000x SEM Image (left)
and mercury intrusion porosimetry plot (right).

Experimental
Method
ProSwift RP-4H Monolithic Nano Column, nanoViper
 200 µm x 25 cm (P/N 164923)
 100 µm x 50 cm (P/N 164921)

Thermo Scientific™ Dionex™ UltiMate™ RSLCnano system  with UV Detection

Thermo Scientific™ Orbitrap Elite™ Mass Spectrometer

Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System Software 

Thermo Scientific™ Xcalibur™ Software

Thermo Scientific™ ProSightPC 2.0 Software

Peptide/Protein Mixture
1 μL Sample Loop

Angiotensin II, Substance P, Lysozyme, Myoglobin, L-Lactic Dehydrogenase each 3 
µg/mL in water +0.1% TFA

Cell Lysate Fractions
5 μL injection loop

HeLa Cell lysate molecular weight fractions 11–23 kDa and 20–52 kDa

Conclusion
Protein Separation and Analysis on Monolithic Columns
 Monolith columns possess a combination of larger through pores for eluent flow and 

smaller pores for analyte separation that make them well suited for the separation of 
protein samples using elevated flow rates while maintaining a low column back 
pressure with efficient convective mass transfer

 Increasing eluent flow rate on monolith columns can result in narrower peaks to give a 
higher peak capacity for a given gradient run and reduce the overall analysis time for
high throughput applications

 ProSwift RP-4H capillary monolith columns are less prone to fouling than conventional
porous particle-based media and can be used for hundreds of runs without 
degradation of column performance

 ProSwift RP-4H capillary monolith columns are well-suited for the separation of 
samples containing hundreds of proteins for the purposes of MS detection and 
characterization

Acknowledgements
Work by the Kelleher group was supported by NIH grant GM 067193 and the 
Departments of Chemistry and Molecular Biosciences and the Proteomics Center of 
Excellence at Northwestern University

© 2014  Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo 
Fisher Scientific and its subsidiaries.

This information is not intended to encourage use of these products in any manners that might infringe 
the intellectual property rights of others.

Mass Spectrometry Analysis on Capillary Monolith Columns
Analysis of Molecular Weight Fractions from HeLa Cell Lysates
The ProSwift RP-4H capillary columns are specifically designed to be used at flow rates
suitable for MS detection of proteins. Figure 5 shows MS detection and characterization 
of protein molecular weight fractions derived from HeLa cell lysates following separation 
on a ProSwift RP-4H 100 µm x 50 cm column. At an operational flow rate of only 
1 µL/min, the monolith column provides excellent resolution of individual peaks in these 
samples containing 100’s to 1000’s of proteins. This results in clear signals for MS
detection and characterization of the many gene products (proteins encoded by distinctly 
different genes) and proteoforms (protein forms resulting from the same gene after a 
combination of alternative splicing events and post-translational modifications) separated 
by the gradient. For the 11–23 kDa sample, 158 gene products and 332 proteoforms 
were identified, and, for the 20–52 kDa sample, 59 gene products and 273 proteoforms 
were identified using ProSightPC 2.0 software to search against a Homo sapiens
taxonomy subset of the Swiss Prot database. For both samples, the identifications
obtained from the ProSwift RP-4H separation were significantly greater in comparison to 
identifications obtained using existing resin-based separation protocols (e.g., DVB or C4). 
These results show that the monolith ProSwift RP-4H columns are well suited to 
separating proteins in both low and high molecular weight ranges at the low flow rates 
required for MS detection. 

The data also illustrates the reverse phase functionality of the column media without the 
influence of size exclusion since both low and high molecular weight proteins elute at 
both early and late stages of the gradient. Controlling the properties of the gradient 
(eluent composition and flow rate, gradient time, temperature, etc.) allows fine tuning of 
the separation for the specific application in order to optimize resolution, detection 
sensitivity, and analysis time.

Reproducibility of Separation on Monolith Columns

Fouling is a common problem associated with the analysis of protein samples on 
conventional HPLC media leading to degradation of column performance over time and 
reduced column capacity. This is typically evidenced by a reduction in peak retention 
time. The constant peak retention times for a peptide/protein mixture in Figure 4 shows 
excellent reproducibility over 500+ runs for the ProSwift RP-4H monolith column.  
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FIGURE 2. Column pressure at different temperatures measured over a range of 
linear velocities on the ProSwift RP-4H capillary column.

FIGURE 3. The effect of increased flow rate using a constant gradient time on a 
ProSwift RP-4H 200 µm x 25 cm column.
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Column: ProSwift RP-4H 200 µm x 25 cm 
Eluents: A: H2O/CH3CN (95/5 v/v) + 0.1% TFA

B: H2O/CH3CN (5/95 v/v) + 0.1% TFA
Gradient: 1 – 65% B in 10 minutes
Flow Rate: 2, 4, and 8 µL/min
Inj. Vol: 1 µL
Temp: 35 oC
Sample: Peptides and proteins each at 5 µg/mL

Order of elution: 
1. Angiotensin II
2. Substance P
3. Lysozyme
4. Myoglobin
5. L-Lactic Dehydrogenase

FIGURE 5. LC-MS analysis of molecular weight fractions from HeLa cell lysates using
a ProSwift RP-4H 100 µm x 50 cm column. Left: 11–23 kDa, Right: 20–52 kDa

Column: ProSwift RP-4H 100 µm x 50 cm
Eluents: A: water/acetonitrile (95/5 v/v) + 0.2 % formic acid

B: water/acetonitrile (5/95 v/v) + 0.2 % formic acid
Gradient: 5 – 55% B in 50 minutes
Flow Rate:1 µL/min

Inj. Vol: 5 µL
Temp: Room temperature
Detection:Thermo Scientific™ Orbitrap Elite with Thermo Scientific™

Xcalibur™ Software
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Effect of Eluent Flow Rate on Protein Resolution and Sample Throughput

Figure 3 demonstrates how simply increasing the flow rate on the ProSwift RP-4H
monolith column can increase the peak capacity. Retaining the original gradient at 
increase flow rate provides increased resolution and faster elution of the desorbed 
protein means they elute from the column with less influence of diffusion. This results in 
narrower peaks to provide a greater peak capacity (47, 72 and 95 at 2,4 and 8 µL/min 
respectively) over the same gradient time. Additionally, the decrease in gradient delay at 
higher flow rates results in an overall shorter analysis time. When analyzing a large 
number of samples, these small changes in separation time can significantly reduce the 
amount of time required to complete analysis. The overall effect is approximately a 
1.25X decrease in analysis time by increasing the flow rate from 2 µL/min to 8 µL/min.

FIGURE 4. Run reproducibility for a ProSwift RP-4H monolith column, 200 µm x 25 cm 
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Eluents: A: 95% Water: 5% MeCN + 0.1% TFA
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(5 minute pre equilibration)
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Temp.: 35 ºC
Sample: Peptide and Proteins at 3µg/mL

1. Angiotensin II
2. Substance P
3. Lysozyme
4. α-Chymotrypsinogen A

Chromatograms of cycles 
12, 108, 204, 300, 408, and 504

Time, min



6 New Polymeric Capillary Columns for the Separation of Whole Proteins

New Polymeric Capillary Columns for the Separation of Whole Proteins
Kelly J. Flook1, Shane L. Bechler1, Yury Agroskin1, Chris Pohl1, Ioanna Ntai2, and Neil Kelleher2  
1Thermo Fisher Scientific, Sunnyvale, CA, USA and 2Northwestern University, Evanston, IL, USA.

PO20954_E 04/14S

Overview
 Thermo Scientific™ ProSwift™ RP-4H monolith columns possess large through pores 

that allow the column to operate at much lower backpressures than conventional non-
porous, packed columns

 At a constant gradient time, the flow rate can be increased to increase protein peak 
capacity and shorten sample cycle time  to significantly reduce overall analysis time for 
high throughput applications

 Capillary ProSwift RP-4H monolith columns  can be readily used in combination with 
MS to detect and characterize hundreds of proteins in complex cell lysate samples

Introduction
Chromatographic Media for Protein Separations

The separation of proteins is of great importance in the areas of clinical research, 
systems biology, biomarker discovery, and proteomics. The limits of protein separation 
and detection in these applications are constantly being approached resulting in the need 
to develop more advanced chromatographic media and MS instrumentation to keep pace 
with this constantly evolving field.  Many conventional methods for protein analysis rely 
on bottom-up proteomics workflows, which involve the enzymatic digestion of proteins 
with subsequent LC-MS analysis to separate and identify the resulting peptides.  
Computational analysis is then used to re-stitch these fragments back together to 
determine the original protein structures and make-up of the sample.  Recently, there has 
been rapid growth in the area of top-down proteomics, which entails the separation and 
MS characterization of intact proteins derived from cell lysate and tissue samples.  For 
continued growth of top-down methods, the challenges associated with separation of 
these complex, often unrefined, protein samples must be addressed through the 
development of new chromatographic media.

A monolith column consists of a continuous polymer rod composed of larger through 
pores, which result in low backpressure at elevated flow rates, and smaller pores for 
efficient analyte separation without the drawback of poor diffusive mass transfer. These 
properties make these materials uniquely suited for the analysis of intact proteins, in 
contrast to conventional packed columns, which can suffer from high backpressure, 
column fouling, and poor loading depending on the size and surface characteristics of the 
particulate media.  For monoliths, the low column backpressure enables the user to 
operate at higher flow rates to adjust the gradient length resulting in increased protein 
resolution and thus improved separation for MS detection.  Furthermore, higher flow rates 
lead to reduced method times allowing one to analyze a greater number of samples in a 
shorter amount of time for high throughput applications.

Here, we demonstrate the benefits of using monolithic columns for the purposes of MS 
detection and characterization of cell lysate samples containing hundreds proteins.  First, 
we show the effect of eluent flow rate on protein peak resolution and analysis time when 
using a constant gradient time.  Second, the monolith columns are used to analyze 
molecular weight fractions derived from cell lysates of a mammalian cell line.  Application 
of the methods shown here can be used to optimize the user’s workflow in order to 
maximize the number of proteins identified in a given sample set while minimizing the 
total time necessary for high throughput applications.

Results
Protein Separation on Monolith Columns
Monolith Structure and Flow Rate Effects
The SEM image in Figure 1 illustrates the presence of both large and small pores in the 
structure of the ProSwift RP-4H monolith. The larger pores enable the use of higher flow 
rates for convective mass transfer of the analyte to the functional surface. The narrow 
distribution of  smaller pores evidenced in the porosimetry plot promote efficient 
separations of the proteins. Even at higher flow rates, the presence of the larger pores 
results in a low column backpressure as can be observed in the column pressure versus 
linear eluent velocity in Figure 2. This property of the monolith column allows operation at 
room temperature when used with high pressure downstream components related to MS.

FIGURE 1. Pore distribution of the ProSwift RP-4H monolith; 5000x SEM Image (left)
and mercury intrusion porosimetry plot (right).

Experimental
Method
ProSwift RP-4H Monolithic Nano Column, nanoViper
 200 µm x 25 cm (P/N 164923)
 100 µm x 50 cm (P/N 164921)

Thermo Scientific™ Dionex™ UltiMate™ RSLCnano system  with UV Detection

Thermo Scientific™ Orbitrap Elite™ Mass Spectrometer

Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System Software 

Thermo Scientific™ Xcalibur™ Software

Thermo Scientific™ ProSightPC 2.0 Software

Peptide/Protein Mixture
1 μL Sample Loop

Angiotensin II, Substance P, Lysozyme, Myoglobin, L-Lactic Dehydrogenase each 3 
µg/mL in water +0.1% TFA

Cell Lysate Fractions
5 μL injection loop

HeLa Cell lysate molecular weight fractions 11–23 kDa and 20–52 kDa

Conclusion
Protein Separation and Analysis on Monolithic Columns
 Monolith columns possess a combination of larger through pores for eluent flow and 

smaller pores for analyte separation that make them well suited for the separation of 
protein samples using elevated flow rates while maintaining a low column back 
pressure with efficient convective mass transfer

 Increasing eluent flow rate on monolith columns can result in narrower peaks to give a 
higher peak capacity for a given gradient run and reduce the overall analysis time for 
high throughput applications

 ProSwift RP-4H capillary monolith columns are less prone to fouling than conventional 
porous particle-based media and can be used for hundreds of runs without 
degradation of column performance

 ProSwift RP-4H capillary monolith columns are well-suited for the separation of 
samples containing hundreds of proteins for the purposes of MS detection and 
characterization
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Mass Spectrometry Analysis on Capillary Monolith Columns
Analysis of Molecular Weight Fractions from HeLa Cell Lysates
The ProSwift RP-4H capillary columns are specifically designed to be used at flow rates 
suitable for MS detection of proteins. Figure 5 shows MS detection and characterization 
of protein molecular weight fractions derived from HeLa cell lysates following separation 
on a ProSwift RP-4H 100 µm x 50 cm column. At an operational flow rate of only             
1 µL/min, the monolith column provides excellent resolution of individual peaks in these 
samples containing 100’s to 1000’s of proteins.  This results in clear signals for MS 
detection and characterization of the many gene products (proteins encoded by distinctly 
different genes) and proteoforms (protein forms resulting from the same gene after a 
combination of alternative splicing events and post-translational modifications) separated 
by the gradient. For the 11–23 kDa sample, 158 gene products and 332 proteoforms 
were identified, and, for the 20–52 kDa sample, 59 gene products and 273 proteoforms 
were identified using ProSightPC 2.0 software to search against a Homo sapiens
taxonomy subset of the Swiss Prot database. For both samples, the identifications 
obtained from the ProSwift RP-4H separation were significantly greater in comparison to 
identifications obtained using existing resin-based separation protocols (e.g., DVB or C4). 
These results show that the monolith ProSwift RP-4H columns are well suited to 
separating proteins in both low and high molecular weight ranges at the low flow rates 
required for MS detection. 

The data also illustrates the reverse phase functionality of the column media without the 
influence of size exclusion since both low and high molecular weight proteins elute at 
both early and late stages of the gradient. Controlling the properties of the gradient 
(eluent composition and flow rate, gradient time, temperature, etc.) allows fine tuning of 
the separation for the specific application in order to optimize resolution, detection 
sensitivity, and analysis time.

Reproducibility of Separation on Monolith Columns

Fouling is a common problem associated with the analysis of protein samples on 
conventional HPLC media leading to degradation of column performance over time and 
reduced column capacity. This is typically evidenced by a reduction in peak retention 
time. The constant peak retention times for a peptide/protein mixture in Figure 4 shows 
excellent reproducibility over 500+ runs for the ProSwift RP-4H monolith column.  
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FIGURE 2. Column pressure at different temperatures measured over a range of 
linear velocities on the ProSwift RP-4H capillary column.

FIGURE 3. The effect of increased flow rate using a constant gradient time on a 
ProSwift RP-4H 200 µm x 25 cm column.
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Column: ProSwift RP-4H 200 µm x 25 cm 
Eluents: A: H2O/CH3CN (95/5 v/v) + 0.1% TFA

B: H2O/CH3CN (5/95 v/v) + 0.1% TFA
Gradient: 1 – 65% B in 10 minutes
Flow Rate: 2, 4, and 8 µL/min
Inj. Vol: 1 µL
Temp: 35 oC
Sample: Peptides and proteins each at 5 µg/mL

Order of elution: 
1. Angiotensin II
2. Substance P
3. Lysozyme
4. Myoglobin
5. L-Lactic Dehydrogenase

FIGURE 5. LC-MS analysis of molecular weight fractions from HeLa cell lysates using
a ProSwift RP-4H 100 µm x 50 cm column. Left: 11–23 kDa, Right: 20–52 kDa

Column: ProSwift RP-4H 100 µm x 50 cm
Eluents: A: water/acetonitrile (95/5 v/v) + 0.2 % formic acid

B: water/acetonitrile (5/95 v/v) + 0.2 % formic acid
Gradient: 5 – 55% B in 50 minutes
Flow Rate:1 µL/min

Inj. Vol: 5 µL
Temp: Room temperature
Detection:Thermo Scientific™ Orbitrap Elite with Thermo Scientific™ 

Xcalibur™ Software
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Effect of Eluent Flow Rate on Protein Resolution and Sample Throughput

Figure 3 demonstrates how simply increasing the flow rate on the ProSwift RP-4H 
monolith column can increase the peak capacity. Retaining the original gradient at 
increase flow rate provides increased resolution  and faster elution of the desorbed 
protein means they elute from the column with less influence of diffusion. This results in 
narrower peaks to provide a greater peak capacity (47, 72 and 95 at 2,4 and 8 µL/min 
respectively) over the same gradient time. Additionally, the decrease in gradient delay at 
higher flow rates results in an overall shorter analysis time. When analyzing a large 
number of samples, these small changes in separation time can significantly reduce the 
amount of time required to complete analysis. The overall effect is approximately a 
1.25X decrease in analysis time by increasing the flow rate from 2 µL/min to 8 µL/min.

FIGURE 4. Run reproducibility for a ProSwift RP-4H monolith column, 200 µm x 25 cm 
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Eluents: A: 95% Water: 5% MeCN + 0.1% TFA

B: 5% Water: 95% MeCN + 0.1% TFA
Gradient: 1 to 65% B in 5 minutes 

(5 minute pre equilibration)
Flow Rate: 8 µL/min
Inj. vol.: 1 µL
Temp.: 35 ºC
Sample: Peptide and Proteins at 3µg/mL

1. Angiotensin II
2. Substance P
3. Lysozyme
4. α-Chymotrypsinogen A
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Overview
 Thermo Scientific™ ProSwift™ RP-4H monolith columns possess large through pores 

that allow the column to operate at much lower backpressures than conventional non-
porous, packed columns

 At a constant gradient time, the flow rate can be increased to increase protein peak 
capacity and shorten sample cycle time to significantly reduce overall analysis time for 
high throughput applications

 Capillary ProSwift RP-4H monolith columns can be readily used in combination with 
MS to detect and characterize hundreds of proteins in complex cell lysate samples

Introduction
Chromatographic Media for Protein Separations

The separation of proteins is of great importance in the areas of clinical research, 
systems biology, biomarker discovery, and proteomics. The limits of protein separation 
and detection in these applications are constantly being approached resulting in the need 
to develop more advanced chromatographic media and MS instrumentation to keep pace
with this constantly evolving field. Many conventional methods for protein analysis rely
on bottom-up proteomics workflows, which involve the enzymatic digestion of proteins
with subsequent LC-MS analysis to separate and identify the resulting peptides.  
Computational analysis is then used to re-stitch these fragments back together to 
determine the original protein structures and make-up of the sample.  Recently, there has 
been rapid growth in the area of top-down proteomics, which entails the separation and 
MS characterization of intact proteins derived from cell lysate and tissue samples. For 
continued growth of top-down methods, the challenges associated with separation of 
these complex, often unrefined, protein samples must be addressed through the 
development of new chromatographic media.

A monolith column consists of a continuous polymer rod composed of larger through 
pores, which result in low backpressure at elevated flow rates, and smaller pores for 
efficient analyte separation without the drawback of poor diffusive mass transfer. These
properties make these materials uniquely suited for the analysis of intact proteins, in 
contrast to conventional packed columns, which can suffer from high backpressure, 
column fouling, and poor loading depending on the size and surface characteristics of the 
particulate media.  For monoliths, the low column backpressure enables the user to 
operate at higher flow rates to adjust the gradient length resulting in increased protein 
resolution and thus improved separation for MS detection.  Furthermore, higher flow rates 
lead to reduced method times allowing one to analyze a greater number of samples in a 
shorter amount of time for high throughput applications.

Here, we demonstrate the benefits of using monolithic columns for the purposes of MS
detection and characterization of cell lysate samples containing hundreds proteins.  First, 
we show the effect of eluent flow rate on protein peak resolution and analysis time when 
using a constant gradient time. Second, the monolith columns are used to analyze 
molecular weight fractions derived from cell lysates of a mammalian cell line. Application 
of the methods shown here can be used to optimize the user’s workflow in order to 
maximize the number of proteins identified in a given sample set while minimizing the 
total time necessary for high throughput applications.

Results
Protein Separation on Monolith Columns
Monolith Structure and Flow Rate Effects
The SEM image in Figure 1 illustrates the presence of both large and small pores in the 
structure of the ProSwift RP-4H monolith. The larger pores enable the use of higher flow
rates for convective mass transfer of the analyte to the functional surface. The narrow
distribution of smaller pores evidenced in the porosimetry plot promote efficient 
separations of the proteins. Even at higher flow rates, the presence of the larger pores 
results in a low column backpressure as can be observed in the column pressure versus 
linear eluent velocity in Figure 2. This property of the monolith column allows operation at 
room temperature when used with high pressure downstream components related to MS.

FIGURE 1. Pore distribution of the ProSwift RP-4H monolith; 5000x SEM Image (left)
and mercury intrusion porosimetry plot (right).

Experimental
Method
ProSwift RP-4H Monolithic Nano Column, nanoViper
 200 µm x 25 cm (P/N 164923)
 100 µm x 50 cm (P/N 164921)

Thermo Scientific™ Dionex™ UltiMate™ RSLCnano system  with UV Detection

Thermo Scientific™ Orbitrap Elite™ Mass Spectrometer

Thermo Scientific™ Dionex™ Chromeleon™ Chromatography Data System Software 

Thermo Scientific™ Xcalibur™ Software

Thermo Scientific™ ProSightPC 2.0 Software

Peptide/Protein Mixture
1 μL Sample Loop

Angiotensin II, Substance P, Lysozyme, Myoglobin, L-Lactic Dehydrogenase each 3 
µg/mL in water +0.1% TFA

Cell Lysate Fractions
5 μL injection loop

HeLa Cell lysate molecular weight fractions 11–23 kDa and 20–52 kDa

Conclusion
Protein Separation and Analysis on Monolithic Columns
 Monolith columns possess a combination of larger through pores for eluent flow and

smaller pores for analyte separation that make them well suited for the separation of
protein samples using elevated flow rates while maintaining a low column back
pressure with efficient convective mass transfer

 Increasing eluent flow rate on monolith columns can result in narrower peaks to give a
higher peak capacity for a given gradient run and reduce the overall analysis time for
high throughput applications

 ProSwift RP-4H capillary monolith columns are less prone to fouling than conventional
porous particle-based media and can be used for hundreds of runs without
degradation of column performance

 ProSwift RP-4H capillary monolith columns are well-suited for the separation of
samples containing hundreds of proteins for the purposes of MS detection and
characterization
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Mass Spectrometry Analysis on Capillary Monolith Columns
Analysis of Molecular Weight Fractions from HeLa Cell Lysates
The ProSwift RP-4H capillary columns are specifically designed to be used at flow rates
suitable for MS detection of proteins. Figure 5 shows MS detection and characterization 
of protein molecular weight fractions derived from HeLa cell lysates following separation 
on a ProSwift RP-4H 100 µm x 50 cm column. At an operational flow rate of only 
1 µL/min, the monolith column provides excellent resolution of individual peaks in these 
samples containing 100’s to 1000’s of proteins. This results in clear signals for MS
detection and characterization of the many gene products (proteins encoded by distinctly 
different genes) and proteoforms (protein forms resulting from the same gene after a 
combination of alternative splicing events and post-translational modifications) separated 
by the gradient. For the 11–23 kDa sample, 158 gene products and 332 proteoforms 
were identified, and, for the 20–52 kDa sample, 59 gene products and 273 proteoforms 
were identified using ProSightPC 2.0 software to search against a Homo sapiens
taxonomy subset of the Swiss Prot database. For both samples, the identifications
obtained from the ProSwift RP-4H separation were significantly greater in comparison to 
identifications obtained using existing resin-based separation protocols (e.g., DVB or C4). 
These results show that the monolith ProSwift RP-4H columns are well suited to 
separating proteins in both low and high molecular weight ranges at the low flow rates 
required for MS detection. 

The data also illustrates the reverse phase functionality of the column media without the 
influence of size exclusion since both low and high molecular weight proteins elute at 
both early and late stages of the gradient. Controlling the properties of the gradient 
(eluent composition and flow rate, gradient time, temperature, etc.) allows fine tuning of 
the separation for the specific application in order to optimize resolution, detection 
sensitivity, and analysis time.

Reproducibility of Separation on Monolith Columns

Fouling is a common problem associated with the analysis of protein samples on 
conventional HPLC media leading to degradation of column performance over time and 
reduced column capacity. This is typically evidenced by a reduction in peak retention 
time. The constant peak retention times for a peptide/protein mixture in Figure 4 shows 
excellent reproducibility over 500+ runs for the ProSwift RP-4H monolith column.  
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FIGURE 2. Column pressure at different temperatures measured over a range of 
linear velocities on the ProSwift RP-4H capillary column.

FIGURE 3. The effect of increased flow rate using a constant gradient time on a 
ProSwift RP-4H 200 µm x 25 cm column.
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Column: ProSwift RP-4H 200 µm x 25 cm
Eluents: A: H2O/CH3CN (95/5 v/v) + 0.1% TFA

B: H2O/CH3CN (5/95 v/v) + 0.1% TFA
Gradient: 1 – 65% B in 10 minutes
Flow Rate: 2, 4, and 8 µL/min
Inj. Vol: 1 µL
Temp: 35 oC
Sample: Peptides and proteins each at 5 µg/mL

Order of elution:
1. Angiotensin II
2. Substance P
3. Lysozyme
4. Myoglobin
5. L-Lactic Dehydrogenase

FIGURE 5. LC-MS analysis of molecular weight fractions from HeLa cell lysates using
a ProSwift RP-4H 100 µm x 50 cm column. Left: 11–23 kDa, Right: 20–52 kDa

Column: ProSwift RP-4H 100 µm x 50 cm
Eluents: A: water/acetonitrile (95/5 v/v) + 0.2 % formic acid

B: water/acetonitrile (5/95 v/v) + 0.2 % formic acid
Gradient: 5 – 55% B in 50 minutes
Flow Rate:1 µL/min

Inj. Vol: 5 µL
Temp: Room temperature
Detection:Thermo Scientific™ Orbitrap Elite with Thermo Scientific™

Xcalibur™ Software
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Effect of Eluent Flow Rate on Protein Resolution and Sample Throughput

Figure 3 demonstrates how simply increasing the flow rate on the ProSwift RP-4H
monolith column can increase the peak capacity. Retaining the original gradient at 
increase flow rate provides increased resolution and faster elution of the desorbed 
protein means they elute from the column with less influence of diffusion. This results in 
narrower peaks to provide a greater peak capacity (47, 72 and 95 at 2,4 and 8 µL/min 
respectively) over the same gradient time. Additionally, the decrease in gradient delay at 
higher flow rates results in an overall shorter analysis time. When analyzing a large 
number of samples, these small changes in separation time can significantly reduce the 
amount of time required to complete analysis. The overall effect is approximately a 
1.25X decrease in analysis time by increasing the flow rate from 2 µL/min to 8 µL/min.

FIGURE 4. Run reproducibility for a ProSwift RP-4H monolith column, 200 µm x 25 cm
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Column: ProSwift RP-4H 200 µm x 25cm
Eluents: A: 95% Water: 5% MeCN + 0.1% TFA

B: 5% Water: 95% MeCN + 0.1% TFA
Gradient: 1 to 65% B in 5 minutes

(5 minute pre equilibration)
Flow Rate: 8 µL/min
Inj. vol.: 1 µL
Temp.: 35 ºC
Sample: Peptide and Proteins at 3µg/mL

1. Angiotensin II
2. Substance P
3. Lysozyme
4. α-Chymotrypsinogen A
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