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Subsequently peptides in each fraction were separated 
off-line by an RP and online by a PepMap RSLC C18 
column and analyzed on the Orbitrap Velos Pro mass 
spectrometer.

In Figure 1, the hSAX/RP approach outperforms RP/RP in 
that a much greater area in the 2D maps is covered with 
peaks, while the peptides in RP/RP are scattered around 
the diagonal, leaving large areas that have no peptides 
eluting.

This clearly shows that high pH RP/low pH RP is not fully 
orthogonal, since both dimensions separate according to 
hydrophobicity.

FIGURE 2. hSAX is highly reproducible and robust.

In Figure 2A, UV chromatograms of three replicate 
injections of 100 μg of six-mix shows a perfect overlapping 
of the separated peptides, along the NaCl gradient.1

Figure 2B shows a Q-q plot of the peak areas with very 
high reproducibility among the three replicates.

FIGURE 3. hSAX as best representation of the mouse 
database.

An in-depth analysis of amino-acid distribution in the 
subset of unique peptides from RAW cells revealed that 
hSAX favored more acidic peptides than RP, a trend that 
is more representative to the in-silico tryptic digestion of 
the whole IPI database (Figure 3).

FIGURE 4. hSAX increases peptide and protein ID.

When compared with high pH RP/low pH RP (Figure 4), 
the hSAX approach identified many more proteins per 
fraction (>3000 proteins in 16 out of 34 fractions, while the 
RP/RP approach achieved only 6 out of 34 fractions).
Moreover, hSAX/RP also increased the identification of 
unique peptides by 28% compared to high pH RP/low pH 
RP.

TABLE 1. Proteins and peptides identified.

Conclusion
A hydrophilic strong anion exchange (hSAX) offline 
fractionation for an in-depth analysis of complex 
proteomes.1

1. The hSAX approach was developed for peptide 
separations that are:

• highly orthogonal

• highly reproducible

• more representative of the entire proteome

2. The hSAX approach was applied to the analysis of 
resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦs) and identified >7,000 proteins

• Several well-known markers of AAMΦs (such as 
Arg1, Fizz1, MRC1)2 were highly up-regulated, as 
expected

• Bioinformatic analysis suggests changes in the 
endosomal and lysosomal systems, as well as 
lipid/cholesterol storage
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Overview
Purpose: To develop a hydrophilic strong anion exchange 
offline fractionation for an in-depth analysis of complex 
proteomes.
Methods: The hSAX approach was applied to the analysis 
of resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦ).
Results: The method identified  >7000 proteins. These 
data will define new markers specific for alternative 
activation of macrophages suitable for fluorescence-
activated cell sorter (FACS) analysis.

Introduction
Macrophages stimulated with IL4 
or IL13 enter a specific, 
non-inflammatory state called a 
alternative activation (designated 
as M2) that is associated with 
wound healing, as well as 
nematode and fungal infection.

Alternative activation is not very well understood and is 
thought to  play a major role in several human conditions 
such as chronic obstructive pulmonary disorder (COPD), 
allergy, and asthma. 

Methods
Cell Lysate and six-mix
A mix of six different proteins1 and RAW264.7 cells were 
lysed in 1% RapiGest and then digested overnight (37º C, 
1:100 trypsin, Promega). Tryptic peptides were further 
desalted by C18 cartridges (MicroSpin, The Nest Group).1

RestMΦ and AAMΦ

Resting BMDMs (Bone Marrow Derived Macrophages) –
RestMΦ – were treated with IL-4 (20 ng/mL, 48 h) to gain 
AAMΦ. Cells were lysed and digested as described 
above.

mTRAQ Labeling

RestMΦ and AAMΦ tryptic peptides were labeled with 
mTRAQ ( ∆0 & ∆8, respectively, ABSciex). 

Hydroxylamine (0.1%) was added to quench the side 
labeling, due to the O-acylation by the mTRAQ reagent. 

Labeling efficiency was tested to be >98%.

hSAX Fractionation

A hSAX column (Thermo Scientific™ Dionex™ IonPac™ 
AS24) was used for off-line fractionation.1

For quantitation, three replicates of mix RestMΦ/AAMΦ 
(180 μg each mix, 1:1) were separated by hSAX using 
NaCl gradient1 at pH 10 into 24 fractions. 

After separation, the fractions were desalted by C18 
cartridges (MicroSpin columns), to eliminate any mTRAQ 
residual material.

Mass Spectrometry

Data were acquired on a Thermo Scientific™ Orbitrap 
Velos Pro™ mass spectrometer, with an EASY-Spray™ 
column (Acclaim™ PepMap™ RSLC, C18, 2 μm) using 
a three-hour (mTRAQ-labeled peptides) or five-hour 
gradient (non-labeled peptides).

Data Analysis

RAW output files from the Orbitrap Velos Pro mass 
spectrometer were converted to mzXML by ReADW
and then searched through X!Tandem search engine 
(forward/reversed IPI mouse database (v 3.87). 
PeptideProphet was used to validate the results. 
MaxQuant™ software (v 1.3.0.5) was run in parallel 
with identical settings.1

Data analysis for the alternative macrophage proteome 
was obtained with MaxQuant, including Perseus™ 
software for the statistics and downstream bioinformatics 
of the MaxQuant output.

Results
A. Method Development

To develop the method presented here, digested six-mix, 
as well as RAW264.7 macrophage cells, were fractionated 
off-line in 1D (either SAX or high pH RP).

© 2013 Thermo Fisher Scientific. All rights reserved. MaxQuant and Perseus are trademarks of Microtelecom S.r.l. All 
other 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.                                          
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FIGURE 5. Alternatively activated macrophages

Among the up-regulated proteins, several well-known 
markers for AAMΦ were identified (e.g. Arginase-1, MRC1, 
Resistin-like alpha or Fizz-1).2

Interestingly, alternative activation of macrophages leads to 
an increase in integrin alpha-X (ITAX) and a decrease in 
isoform alpha-6X1A of Integrin alpha-6 (ITA-6), suggesting 
that ITAX/ITA-6 could potentially be a good marker for 
AAMΦ.

TABLE 2. GO Term enrichment analyses of regulated 
proteins (>1.5 fold) against total proteome using 
Babelomics3 (v. 4.3).

FIGURE 1. hSAX outperforms high pH RP in orthogonality.

B. Method Application

hSAX and Quantitative Proteomics by Chemical 
Labeling

The highly hydrophilic nature of hSAX is an advantage 
in peptide chemical labeling, as mTRAQ reagents add 
polar groups at tryptic peptides and dimethyl labeling 
can induce retention time shift due to the presence of 
deuterium in some labels, which is not affected by hSAX 
separation.

Proteome Analysis of Alternatively-Activated 
Macrophages

The volcano plot in Figure 5A shows changes between 
the RestMΦ and AAMΦ proteomes. More than 7000 
proteins were identified, and 267 were deemed to be 
differentially regulated; 143 proteins were up-regulated 
and 124 down-regulated (>1.5 fold, p-value≤0.05).
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Subsequently peptides in each fraction were separated 
off-line by an RP and online by a PepMap RSLC C18 
column and analyzed on the Orbitrap Velos Pro mass 
spectrometer.

In Figure 1, the hSAX/RP approach outperforms RP/RP in 
that a much greater area in the 2D maps is covered with 
peaks, while the peptides in RP/RP are scattered around 
the diagonal, leaving large areas that have no peptides 
eluting.

This clearly shows that high pH RP/low pH RP is not fully 
orthogonal, since both dimensions separate according to 
hydrophobicity.

FIGURE 2. hSAX is highly reproducible and robust.

In Figure 2A, UV chromatograms of three replicate 
injections of 100 μg of six-mix shows a perfect overlapping 
of the separated peptides, along the NaCl gradient.1

Figure 2B shows a Q-q plot of the peak areas with very 
high reproducibility among the three replicates.

FIGURE 3. hSAX as best representation of the mouse 
database.

An in-depth analysis of amino-acid distribution in the 
subset of unique peptides from RAW cells revealed that 
hSAX favored more acidic peptides than RP, a trend that 
is more representative to the in-silico tryptic digestion of 
the whole IPI database (Figure 3).

FIGURE 4. hSAX increases peptide and protein ID.

When compared with high pH RP/low pH RP (Figure 4), 
the hSAX approach identified many more proteins per 
fraction (>3000 proteins in 16 out of 34 fractions, while the 
RP/RP approach achieved only 6 out of 34 fractions).
Moreover, hSAX/RP also increased the identification of 
unique peptides by 28% compared to high pH RP/low pH 
RP.

TABLE 1. Proteins and peptides identified.

Conclusion
A hydrophilic strong anion exchange (hSAX) offline 
fractionation for an in-depth analysis of complex 
proteomes.1

1. The hSAX approach was developed for peptide 
separations that are:

• highly orthogonal

• highly reproducible

• more representative of the entire proteome

2. The hSAX approach was applied to the analysis of 
resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦs) and identified >7,000 proteins

• Several well-known markers of AAMΦs (such as 
Arg1, Fizz1, MRC1)2 were highly up-regulated, as 
expected

• Bioinformatic analysis suggests changes in the 
endosomal and lysosomal systems, as well as 
lipid/cholesterol storage
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Overview
Purpose: To develop a hydrophilic strong anion exchange 
offline fractionation for an in-depth analysis of complex 
proteomes.
Methods: The hSAX approach was applied to the analysis 
of resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦ).
Results: The method identified  >7000 proteins. These 
data will define new markers specific for alternative 
activation of macrophages suitable for fluorescence-
activated cell sorter (FACS) analysis.

Introduction
Macrophages stimulated with IL4 
or IL13 enter a specific, 
non-inflammatory state called a 
alternative activation (designated 
as M2) that is associated with 
wound healing, as well as 
nematode and fungal infection.

Alternative activation is not very well understood and is 
thought to  play a major role in several human conditions 
such as chronic obstructive pulmonary disorder (COPD), 
allergy, and asthma. 

Methods
Cell Lysate and six-mix

A mix of six different proteins1 and RAW264.7 cells were 
lysed in 1% RapiGest and then digested overnight (37º C, 
1:100 trypsin, Promega). Tryptic peptides were further 
desalted by C18 cartridges (MicroSpin, The Nest Group).1

RestMΦ and AAMΦ

Resting BMDMs (Bone Marrow Derived Macrophages) –
RestMΦ – were treated with IL-4 (20 ng/mL, 48 h) to gain 
AAMΦ. Cells were lysed and digested as described 
above.

mTRAQ Labeling

RestMΦ and AAMΦ tryptic peptides were labeled with 
mTRAQ ( ∆0 & ∆8, respectively, ABSciex). 

Hydroxylamine (0.1%) was added to quench the side 
labeling, due to the O-acylation by the mTRAQ reagent. 

Labeling efficiency was tested to be >98%.

hSAX Fractionation
A hSAX column (Thermo Scientific™ Dionex™ IonPac™ 
AS24) was used for off-line fractionation.1

For quantitation, three replicates of mix RestMΦ/AAMΦ 
(180 μg each mix, 1:1) were separated by hSAX using 
NaCl gradient1 at pH 10 into 24 fractions. 

After separation, the fractions were desalted by C18 
cartridges (MicroSpin columns), to eliminate any mTRAQ 
residual material.

Mass Spectrometry

Data were acquired on a Thermo Scientific™ Orbitrap 
Velos Pro™ mass spectrometer, with an EASY-Spray™ 
column (Acclaim™ PepMap™ RSLC, C18, 2 μm) using 
a three-hour (mTRAQ-labeled peptides) or five-hour 
gradient (non-labeled peptides).

Data Analysis
RAW output files from the Orbitrap Velos Pro mass 
spectrometer were converted to mzXML by ReADW
and then searched through X!Tandem search engine 
(forward/reversed IPI mouse database (v 3.87). 
PeptideProphet was used to validate the results. 
MaxQuant™ software (v 1.3.0.5) was run in parallel 
with identical settings.1

Data analysis for the alternative macrophage proteome 
was obtained with MaxQuant, including Perseus™ 
software for the statistics and downstream bioinformatics 
of the MaxQuant output.

Results
A. Method Development
To develop the method presented here, digested six-mix, 
as well as RAW264.7 macrophage cells, were fractionated 
off-line in 1D (either SAX or high pH RP).
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FIGURE 5. Alternatively activated macrophages

Among the up-regulated proteins, several well-known 
markers for AAMΦ were identified (e.g. Arginase-1, MRC1, 
Resistin-like alpha or Fizz-1).2

Interestingly, alternative activation of macrophages leads to 
an increase in integrin alpha-X (ITAX) and a decrease in 
isoform alpha-6X1A of Integrin alpha-6 (ITA-6), suggesting 
that ITAX/ITA-6 could potentially be a good marker for 
AAMΦ.

TABLE 2. GO Term enrichment analyses of regulated 
proteins (>1.5 fold) against total proteome using 
Babelomics3 (v. 4.3).

FIGURE 1. hSAX outperforms high pH RP in orthogonality.

B. Method Application
hSAX and Quantitative Proteomics by Chemical 
Labeling

The highly hydrophilic nature of hSAX is an advantage 
in peptide chemical labeling, as mTRAQ reagents add 
polar groups at tryptic peptides and dimethyl labeling 
can induce retention time shift due to the presence of 
deuterium in some labels, which is not affected by hSAX 
separation.

Proteome Analysis of Alternatively-Activated 
Macrophages
The volcano plot in Figure 5A shows changes between 
the RestMΦ and AAMΦ proteomes. More than 7000 
proteins were identified, and 267 were deemed to be 
differentially regulated; 143 proteins were up-regulated 
and 124 down-regulated (>1.5 fold, p-value≤0.05).
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Subsequently peptides in each fraction were separated 
off-line by an RP and online by a PepMap RSLC C18 
column and analyzed on the Orbitrap Velos Pro mass 
spectrometer.

In Figure 1, the hSAX/RP approach outperforms RP/RP in 
that a much greater area in the 2D maps is covered with 
peaks, while the peptides in RP/RP are scattered around 
the diagonal, leaving large areas that have no peptides 
eluting.

This clearly shows that high pH RP/low pH RP is not fully 
orthogonal, since both dimensions separate according to 
hydrophobicity.

FIGURE 2. hSAX is highly reproducible and robust.

In Figure 2A, UV chromatograms of three replicate 
injections of 100 μg of six-mix shows a perfect overlapping 
of the separated peptides, along the NaCl gradient.1

Figure 2B shows a Q-q plot of the peak areas with very 
high reproducibility among the three replicates.

FIGURE 3. hSAX as best representation of the mouse 
database.

An in-depth analysis of amino-acid distribution in the 
subset of unique peptides from RAW cells revealed that 
hSAX favored more acidic peptides than RP, a trend that 
is more representative to the in-silico tryptic digestion of 
the whole IPI database (Figure 3).

FIGURE 4. hSAX increases peptide and protein ID.

When compared with high pH RP/low pH RP (Figure 4), 
the hSAX approach identified many more proteins per 
fraction (>3000 proteins in 16 out of 34 fractions, while the 
RP/RP approach achieved only 6 out of 34 fractions).
Moreover, hSAX/RP also increased the identification of 
unique peptides by 28% compared to high pH RP/low pH 
RP.

TABLE 1. Proteins and peptides identified.

Conclusion
A hydrophilic strong anion exchange (hSAX) offline 
fractionation for an in-depth analysis of complex 
proteomes.1

1. The hSAX approach was developed for peptide 
separations that are:

• highly orthogonal

• highly reproducible

• more representative of the entire proteome

2. The hSAX approach was applied to the analysis of 
resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦs) and identified >7,000 proteins

• Several well-known markers of AAMΦs (such as 
Arg1, Fizz1, MRC1)2 were highly up-regulated, as 
expected

• Bioinformatic analysis suggests changes in the 
endosomal and lysosomal systems, as well as 
lipid/cholesterol storage
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Overview
Purpose: To develop a hydrophilic strong anion exchange 
offline fractionation for an in-depth analysis of complex 
proteomes.
Methods: The hSAX approach was applied to the analysis 
of resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦ).
Results: The method identified  >7000 proteins. These 
data will define new markers specific for alternative 
activation of macrophages suitable for fluorescence-
activated cell sorter (FACS) analysis.

Introduction
Macrophages stimulated with IL4 
or IL13 enter a specific, 
non-inflammatory state called a 
alternative activation (designated 
as M2) that is associated with 
wound healing, as well as 
nematode and fungal infection.

Alternative activation is not very well understood and is 
thought to  play a major role in several human conditions 
such as chronic obstructive pulmonary disorder (COPD), 
allergy, and asthma. 

Methods
Cell Lysate and six-mix
A mix of six different proteins1 and RAW264.7 cells were 
lysed in 1% RapiGest and then digested overnight (37º C, 
1:100 trypsin, Promega). Tryptic peptides were further 
desalted by C18 cartridges (MicroSpin, The Nest Group).1

RestMΦ and AAMΦ

Resting BMDMs (Bone Marrow Derived Macrophages) –
RestMΦ – were treated with IL-4 (20 ng/mL, 48 h) to gain 
AAMΦ. Cells were lysed and digested as described 
above.

mTRAQ Labeling

RestMΦ and AAMΦ tryptic peptides were labeled with 
mTRAQ ( ∆0 & ∆8, respectively, ABSciex). 

Hydroxylamine (0.1%) was added to quench the side 
labeling, due to the O-acylation by the mTRAQ reagent. 

Labeling efficiency was tested to be >98%.

hSAX Fractionation
A hSAX column (Thermo Scientific™ Dionex™ IonPac™ 
AS24) was used for off-line fractionation.1

For quantitation, three replicates of mix RestMΦ/AAMΦ 
(180 μg each mix, 1:1) were separated by hSAX using 
NaCl gradient1 at pH 10 into 24 fractions. 

After separation, the fractions were desalted by C18 
cartridges (MicroSpin columns), to eliminate any mTRAQ 
residual material.

Mass Spectrometry

Data were acquired on a Thermo Scientific™ Orbitrap 
Velos Pro™ mass spectrometer, with an EASY-Spray™ 
column (Acclaim™ PepMap™ RSLC, C18, 2 μm) using 
a three-hour (mTRAQ-labeled peptides) or five-hour 
gradient (non-labeled peptides).

Data Analysis
RAW output files from the Orbitrap Velos Pro mass 
spectrometer were converted to mzXML by ReADW
and then searched through X!Tandem search engine 
(forward/reversed IPI mouse database (v 3.87). 
PeptideProphet was used to validate the results. 
MaxQuant™ software (v 1.3.0.5) was run in parallel 
with identical settings.1

Data analysis for the alternative macrophage proteome 
was obtained with MaxQuant, including Perseus™ 
software for the statistics and downstream bioinformatics 
of the MaxQuant output.

Results
A. Method Development
To develop the method presented here, digested six-mix, 
as well as RAW264.7 macrophage cells, were fractionated 
off-line in 1D (either SAX or high pH RP).
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FIGURE 5. Alternatively activated macrophages

Among the up-regulated proteins, several well-known 
markers for AAMΦ were identified (e.g. Arginase-1, MRC1, 
Resistin-like alpha or Fizz-1).2

Interestingly, alternative activation of macrophages leads to 
an increase in integrin alpha-X (ITAX) and a decrease in 
isoform alpha-6X1A of Integrin alpha-6 (ITA-6), suggesting 
that ITAX/ITA-6 could potentially be a good marker for 
AAMΦ.

TABLE 2. GO Term enrichment analyses of regulated 
proteins (>1.5 fold) against total proteome using 
Babelomics3 (v. 4.3).

FIGURE 1. hSAX outperforms high pH RP in orthogonality.

B. Method Application

hSAX and Quantitative Proteomics by Chemical 
Labeling

The highly hydrophilic nature of hSAX is an advantage 
in peptide chemical labeling, as mTRAQ reagents add 
polar groups at tryptic peptides and dimethyl labeling 
can induce retention time shift due to the presence of 
deuterium in some labels, which is not affected by hSAX 
separation.

Proteome Analysis of Alternatively-Activated 
Macrophages
The volcano plot in Figure 5A shows changes between 
the RestMΦ and AAMΦ proteomes. More than 7000 
proteins were identified, and 267 were deemed to be 
differentially regulated; 143 proteins were up-regulated 
and 124 down-regulated (>1.5 fold, p-value≤0.05).
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Subsequently peptides in each fraction were separated 
off-line by an RP and online by a PepMap RSLC C18 
column and analyzed on the Orbitrap Velos Pro mass 
spectrometer.

In Figure 1, the hSAX/RP approach outperforms RP/RP in 
that a much greater area in the 2D maps is covered with 
peaks, while the peptides in RP/RP are scattered around 
the diagonal, leaving large areas that have no peptides 
eluting.

This clearly shows that high pH RP/low pH RP is not fully 
orthogonal, since both dimensions separate according to 
hydrophobicity.

FIGURE 2. hSAX is highly reproducible and robust.

In Figure 2A, UV chromatograms of three replicate 
injections of 100 μg of six-mix shows a perfect overlapping 
of the separated peptides, along the NaCl gradient.1

Figure 2B shows a Q-q plot of the peak areas with very 
high reproducibility among the three replicates.

FIGURE 3. hSAX as best representation of the mouse 
database.

An in-depth analysis of amino-acid distribution in the 
subset of unique peptides from RAW cells revealed that 
hSAX favored more acidic peptides than RP, a trend that 
is more representative to the in-silico tryptic digestion of 
the whole IPI database (Figure 3).

FIGURE 4. hSAX increases peptide and protein ID.

When compared with high pH RP/low pH RP (Figure 4), 
the hSAX approach identified many more proteins per 
fraction (>3000 proteins in 16 out of 34 fractions, while the 
RP/RP approach achieved only 6 out of 34 fractions).
Moreover, hSAX/RP also increased the identification of 
unique peptides by 28% compared to high pH RP/low pH 
RP.

TABLE 1. Proteins and peptides identified.

Conclusion
A hydrophilic strong anion exchange (hSAX) offline 
fractionation for an in-depth analysis of complex 
proteomes.1

1. The hSAX approach was developed for peptide 
separations that are:

• highly orthogonal

• highly reproducible

• more representative of the entire proteome

2. The hSAX approach was applied to the analysis of 
resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦs) and identified >7,000 proteins

• Several well-known markers of AAMΦs (such as 
Arg1, Fizz1, MRC1)2 were highly up-regulated, as 
expected

• Bioinformatic analysis suggests changes in the 
endosomal and lysosomal systems, as well as 
lipid/cholesterol storage
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Overview
Purpose: To develop a hydrophilic strong anion exchange 
offline fractionation for an in-depth analysis of complex 
proteomes.
Methods: The hSAX approach was applied to the analysis 
of resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦ).
Results: The method identified  >7000 proteins. These 
data will define new markers specific for alternative 
activation of macrophages suitable for fluorescence-
activated cell sorter (FACS) analysis.

Introduction
Macrophages stimulated with IL4 
or IL13 enter a specific, 
non-inflammatory state called a 
alternative activation (designated 
as M2) that is associated with 
wound healing, as well as 
nematode and fungal infection.

Alternative activation is not very well understood and is 
thought to  play a major role in several human conditions 
such as chronic obstructive pulmonary disorder (COPD), 
allergy, and asthma. 

Methods
Cell Lysate and six-mix

A mix of six different proteins1 and RAW264.7 cells were 
lysed in 1% RapiGest and then digested overnight (37º C, 
1:100 trypsin, Promega). Tryptic peptides were further 
desalted by C18 cartridges (MicroSpin, The Nest Group).1

RestMΦ and AAMΦ

Resting BMDMs (Bone Marrow Derived Macrophages) –
RestMΦ – were treated with IL-4 (20 ng/mL, 48 h) to gain 
AAMΦ. Cells were lysed and digested as described 
above.

mTRAQ Labeling

RestMΦ and AAMΦ tryptic peptides were labeled with 
mTRAQ ( ∆0 & ∆8, respectively, ABSciex). 

Hydroxylamine (0.1%) was added to quench the side 
labeling, due to the O-acylation by the mTRAQ reagent. 

Labeling efficiency was tested to be >98%.

hSAX Fractionation

A hSAX column (Thermo Scientific™ Dionex™ IonPac™ 
AS24) was used for off-line fractionation.1

For quantitation, three replicates of mix RestMΦ/AAMΦ 
(180 μg each mix, 1:1) were separated by hSAX using 
NaCl gradient1 at pH 10 into 24 fractions. 

After separation, the fractions were desalted by C18 
cartridges (MicroSpin columns), to eliminate any mTRAQ 
residual material.

Mass Spectrometry

Data were acquired on a Thermo Scientific™ Orbitrap 
Velos Pro™ mass spectrometer, with an EASY-Spray™ 
column (Acclaim™ PepMap™ RSLC, C18, 2 μm) using 
a three-hour (mTRAQ-labeled peptides) or five-hour 
gradient (non-labeled peptides).

Data Analysis
RAW output files from the Orbitrap Velos Pro mass 
spectrometer were converted to mzXML by ReADW
and then searched through X!Tandem search engine 
(forward/reversed IPI mouse database (v 3.87). 
PeptideProphet was used to validate the results. 
MaxQuant™ software (v 1.3.0.5) was run in parallel 
with identical settings.1

Data analysis for the alternative macrophage proteome 
was obtained with MaxQuant, including Perseus™ 
software for the statistics and downstream bioinformatics 
of the MaxQuant output.

Results
A. Method Development
To develop the method presented here, digested six-mix, 
as well as RAW264.7 macrophage cells, were fractionated 
off-line in 1D (either SAX or high pH RP).
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FIGURE 5. Alternatively activated macrophages

Among the up-regulated proteins, several well-known 
markers for AAMΦ were identified (e.g. Arginase-1, MRC1, 
Resistin-like alpha or Fizz-1).2

Interestingly, alternative activation of macrophages leads to 
an increase in integrin alpha-X (ITAX) and a decrease in 
isoform alpha-6X1A of Integrin alpha-6 (ITA-6), suggesting 
that ITAX/ITA-6 could potentially be a good marker for 
AAMΦ.

TABLE 2. GO Term enrichment analyses of regulated 
proteins (>1.5 fold) against total proteome using 
Babelomics3 (v. 4.3).

FIGURE 1. hSAX outperforms high pH RP in orthogonality.

B. Method Application
hSAX and Quantitative Proteomics by Chemical 
Labeling
The highly hydrophilic nature of hSAX is an advantage 
in peptide chemical labeling, as mTRAQ reagents add 
polar groups at tryptic peptides and dimethyl labeling 
can induce retention time shift due to the presence of 
deuterium in some labels, which is not affected by hSAX 
separation.

Proteome Analysis of Alternatively-Activated 
Macrophages
The volcano plot in Figure 5A shows changes between 
the RestMΦ and AAMΦ proteomes. More than 7000 
proteins were identified, and 267 were deemed to be 
differentially regulated; 143 proteins were up-regulated 
and 124 down-regulated (>1.5 fold, p-value≤0.05).
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Subsequently peptides in each fraction were separated 
off-line by an RP and online by a PepMap RSLC C18 
column and analyzed on the Orbitrap Velos Pro mass 
spectrometer.

In Figure 1, the hSAX/RP approach outperforms RP/RP in 
that a much greater area in the 2D maps is covered with 
peaks, while the peptides in RP/RP are scattered around 
the diagonal, leaving large areas that have no peptides 
eluting.

This clearly shows that high pH RP/low pH RP is not fully 
orthogonal, since both dimensions separate according to 
hydrophobicity.

FIGURE 2. hSAX is highly reproducible and robust.

In Figure 2A, UV chromatograms of three replicate 
injections of 100 μg of six-mix shows a perfect overlapping 
of the separated peptides, along the NaCl gradient.1

Figure 2B shows a Q-q plot of the peak areas with very 
high reproducibility among the three replicates.

FIGURE 3. hSAX as best representation of the mouse 
database.

An in-depth analysis of amino-acid distribution in the 
subset of unique peptides from RAW cells revealed that 
hSAX favored more acidic peptides than RP, a trend that 
is more representative to the in-silico tryptic digestion of 
the whole IPI database (Figure 3).

FIGURE 4. hSAX increases peptide and protein ID.

When compared with high pH RP/low pH RP (Figure 4), 
the hSAX approach identified many more proteins per 
fraction (>3000 proteins in 16 out of 34 fractions, while the 
RP/RP approach achieved only 6 out of 34 fractions).
Moreover, hSAX/RP also increased the identification of 
unique peptides by 28% compared to high pH RP/low pH 
RP.

TABLE 1. Proteins and peptides identified.

Conclusion
A hydrophilic strong anion exchange (hSAX) offline 
fractionation for an in-depth analysis of complex 
proteomes.1

1. The hSAX approach was developed for peptide 
separations that are:

• highly orthogonal

• highly reproducible

• more representative of the entire proteome

2. The hSAX approach was applied to the analysis of 
resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦs) and identified >7,000 proteins

• Several well-known markers of AAMΦs (such as 
Arg1, Fizz1, MRC1)2 were highly up-regulated, as 
expected

• Bioinformatic analysis suggests changes in the 
endosomal and lysosomal systems, as well as 
lipid/cholesterol storage
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Overview
Purpose: To develop a hydrophilic strong anion exchange 
offline fractionation for an in-depth analysis of complex 
proteomes.
Methods: The hSAX approach was applied to the analysis 
of resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦ).
Results: The method identified  >7000 proteins. These 
data will define new markers specific for alternative 
activation of macrophages suitable for fluorescence-
activated cell sorter (FACS) analysis.

Introduction
Macrophages stimulated with IL4 
or IL13 enter a specific, 
non-inflammatory state called a 
alternative activation (designated 
as M2) that is associated with 
wound healing, as well as 
nematode and fungal infection.

Alternative activation is not very well understood and is 
thought to  play a major role in several human conditions 
such as chronic obstructive pulmonary disorder (COPD), 
allergy, and asthma. 

Methods
Cell Lysate and six-mix
A mix of six different proteins1 and RAW264.7 cells were 
lysed in 1% RapiGest and then digested overnight (37º C, 
1:100 trypsin, Promega). Tryptic peptides were further 
desalted by C18 cartridges (MicroSpin, The Nest Group).1

RestMΦ and AAMΦ

Resting BMDMs (Bone Marrow Derived Macrophages) –
RestMΦ – were treated with IL-4 (20 ng/mL, 48 h) to gain 
AAMΦ. Cells were lysed and digested as described 
above.

mTRAQ Labeling
RestMΦ and AAMΦ tryptic peptides were labeled with 
mTRAQ ( ∆0 & ∆8, respectively, ABSciex). 

Hydroxylamine (0.1%) was added to quench the side 
labeling, due to the O-acylation by the mTRAQ reagent. 

Labeling efficiency was tested to be >98%.

hSAX Fractionation
A hSAX column (Thermo Scientific™ Dionex™ IonPac™ 
AS24) was used for off-line fractionation.1

For quantitation, three replicates of mix RestMΦ/AAMΦ 
(180 μg each mix, 1:1) were separated by hSAX using 
NaCl gradient1 at pH 10 into 24 fractions. 

After separation, the fractions were desalted by C18 
cartridges (MicroSpin columns), to eliminate any mTRAQ 
residual material.

Mass Spectrometry

Data were acquired on a Thermo Scientific™ Orbitrap 
Velos Pro™ mass spectrometer, with an EASY-Spray™ 
column (Acclaim™ PepMap™ RSLC, C18, 2 μm) using 
a three-hour (mTRAQ-labeled peptides) or five-hour 
gradient (non-labeled peptides).

Data Analysis

RAW output files from the Orbitrap Velos Pro mass 
spectrometer were converted to mzXML by ReADW
and then searched through X!Tandem search engine 
(forward/reversed IPI mouse database (v 3.87). 
PeptideProphet was used to validate the results. 
MaxQuant™ software (v 1.3.0.5) was run in parallel 
with identical settings.1

Data analysis for the alternative macrophage proteome 
was obtained with MaxQuant, including Perseus™ 
software for the statistics and downstream bioinformatics 
of the MaxQuant output.

Results
A. Method Development

To develop the method presented here, digested six-mix, 
as well as RAW264.7 macrophage cells, were fractionated 
off-line in 1D (either SAX or high pH RP).
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FIGURE 5. Alternatively activated macrophages

Among the up-regulated proteins, several well-known 
markers for AAMΦ were identified (e.g. Arginase-1, MRC1, 
Resistin-like alpha or Fizz-1).2

Interestingly, alternative activation of macrophages leads to 
an increase in integrin alpha-X (ITAX) and a decrease in 
isoform alpha-6X1A of Integrin alpha-6 (ITA-6), suggesting 
that ITAX/ITA-6 could potentially be a good marker for 
AAMΦ.

TABLE 2. GO Term enrichment analyses of regulated 
proteins (>1.5 fold) against total proteome using 
Babelomics3 (v. 4.3).

FIGURE 1. hSAX outperforms high pH RP in orthogonality.

B. Method Application

hSAX and Quantitative Proteomics by Chemical 
Labeling
The highly hydrophilic nature of hSAX is an advantage 
in peptide chemical labeling, as mTRAQ reagents add 
polar groups at tryptic peptides and dimethyl labeling 
can induce retention time shift due to the presence of 
deuterium in some labels, which is not affected by hSAX 
separation.

Proteome Analysis of Alternatively-Activated 
Macrophages

The volcano plot in Figure 5A shows changes between 
the RestMΦ and AAMΦ proteomes. More than 7000 
proteins were identified, and 267 were deemed to be 
differentially regulated; 143 proteins were up-regulated 
and 124 down-regulated (>1.5 fold, p-value≤0.05).
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Subsequently peptides in each fraction were separated 
off-line by an RP and online by a PepMap RSLC C18 
column and analyzed on the Orbitrap Velos Pro mass 
spectrometer.

In Figure 1, the hSAX/RP approach outperforms RP/RP in 
that a much greater area in the 2D maps is covered with 
peaks, while the peptides in RP/RP are scattered around 
the diagonal, leaving large areas that have no peptides 
eluting.

This clearly shows that high pH RP/low pH RP is not fully 
orthogonal, since both dimensions separate according to 
hydrophobicity.

FIGURE 2. hSAX is highly reproducible and robust.

In Figure 2A, UV chromatograms of three replicate 
injections of 100 μg of six-mix shows a perfect overlapping 
of the separated peptides, along the NaCl gradient.1

Figure 2B shows a Q-q plot of the peak areas with very 
high reproducibility among the three replicates.

FIGURE 3. hSAX as best representation of the mouse 
database.

An in-depth analysis of amino-acid distribution in the 
subset of unique peptides from RAW cells revealed that 
hSAX favored more acidic peptides than RP, a trend that 
is more representative to the in-silico tryptic digestion of 
the whole IPI database (Figure 3).

FIGURE 4. hSAX increases peptide and protein ID.

When compared with high pH RP/low pH RP (Figure 4), 
the hSAX approach identified many more proteins per 
fraction (>3000 proteins in 16 out of 34 fractions, while the 
RP/RP approach achieved only 6 out of 34 fractions).
Moreover, hSAX/RP also increased the identification of 
unique peptides by 28% compared to high pH RP/low pH 
RP.

TABLE 1. Proteins and peptides identified.

Conclusion
A hydrophilic strong anion exchange (hSAX) offline 
fractionation for an in-depth analysis of complex 
proteomes.1

1. The hSAX approach was developed for peptide 
separations that are:

• highly orthogonal

• highly reproducible

• more representative of the entire proteome

2. The hSAX approach was applied to the analysis of 
resting (RestMΦ) and alternatively-activated 
macrophages (AAMΦs) and identified >7,000 proteins

• Several well-known markers of AAMΦs (such as 
Arg1, Fizz1, MRC1)2 were highly up-regulated, as 
expected

• Bioinformatic analysis suggests changes in the 
endosomal and lysosomal systems, as well as 
lipid/cholesterol storage
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offline fractionation for an in-depth analysis of complex 
proteomes.
Methods: The hSAX approach was applied to the analysis 
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Introduction
Macrophages stimulated with IL4 
or IL13 enter a specific, 
non-inflammatory state called a 
alternative activation (designated 
as M2) that is associated with 
wound healing, as well as 
nematode and fungal infection.

Alternative activation is not very well understood and is 
thought to  play a major role in several human conditions 
such as chronic obstructive pulmonary disorder (COPD), 
allergy, and asthma. 

Methods
Cell Lysate and six-mix

A mix of six different proteins1 and RAW264.7 cells were 
lysed in 1% RapiGest and then digested overnight (37º C, 
1:100 trypsin, Promega). Tryptic peptides were further 
desalted by C18 cartridges (MicroSpin, The Nest Group).1

RestMΦ and AAMΦ

Resting BMDMs (Bone Marrow Derived Macrophages) –
RestMΦ – were treated with IL-4 (20 ng/mL, 48 h) to gain 
AAMΦ. Cells were lysed and digested as described 
above.

mTRAQ Labeling

RestMΦ and AAMΦ tryptic peptides were labeled with 
mTRAQ ( ∆0 & ∆8, respectively, ABSciex). 

Hydroxylamine (0.1%) was added to quench the side 
labeling, due to the O-acylation by the mTRAQ reagent. 

Labeling efficiency was tested to be >98%.

hSAX Fractionation

A hSAX column (Thermo Scientific™ Dionex™ IonPac™ 
AS24) was used for off-line fractionation.1

For quantitation, three replicates of mix RestMΦ/AAMΦ 
(180 μg each mix, 1:1) were separated by hSAX using 
NaCl gradient1 at pH 10 into 24 fractions. 

After separation, the fractions were desalted by C18 
cartridges (MicroSpin columns), to eliminate any mTRAQ 
residual material.

Mass Spectrometry
Data were acquired on a Thermo Scientific™ Orbitrap 
Velos Pro™ mass spectrometer, with an EASY-Spray™ 
column (Acclaim™ PepMap™ RSLC, C18, 2 μm) using 
a three-hour (mTRAQ-labeled peptides) or five-hour 
gradient (non-labeled peptides).

Data Analysis
RAW output files from the Orbitrap Velos Pro mass 
spectrometer were converted to mzXML by ReADW
and then searched through X!Tandem search engine 
(forward/reversed IPI mouse database (v 3.87). 
PeptideProphet was used to validate the results. 
MaxQuant™ software (v 1.3.0.5) was run in parallel 
with identical settings.1

Data analysis for the alternative macrophage proteome 
was obtained with MaxQuant, including Perseus™ 
software for the statistics and downstream bioinformatics 
of the MaxQuant output.

Results
A. Method Development

To develop the method presented here, digested six-mix, 
as well as RAW264.7 macrophage cells, were fractionated 
off-line in 1D (either SAX or high pH RP).
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FIGURE 5. Alternatively activated macrophages

Among the up-regulated proteins, several well-known 
markers for AAMΦ were identified (e.g. Arginase-1, MRC1, 
Resistin-like alpha or Fizz-1).2

Interestingly, alternative activation of macrophages leads to 
an increase in integrin alpha-X (ITAX) and a decrease in 
isoform alpha-6X1A of Integrin alpha-6 (ITA-6), suggesting 
that ITAX/ITA-6 could potentially be a good marker for 
AAMΦ.

TABLE 2. GO Term enrichment analyses of regulated 
proteins (>1.5 fold) against total proteome using 
Babelomics3 (v. 4.3).

FIGURE 1. hSAX outperforms high pH RP in orthogonality.

B. Method Application

hSAX and Quantitative Proteomics by Chemical 
Labeling

The highly hydrophilic nature of hSAX is an advantage 
in peptide chemical labeling, as mTRAQ reagents add 
polar groups at tryptic peptides and dimethyl labeling 
can induce retention time shift due to the presence of 
deuterium in some labels, which is not affected by hSAX 
separation.

Proteome Analysis of Alternatively-Activated 
Macrophages

The volcano plot in Figure 5A shows changes between 
the RestMΦ and AAMΦ proteomes. More than 7000 
proteins were identified, and 267 were deemed to be 
differentially regulated; 143 proteins were up-regulated 
and 124 down-regulated (>1.5 fold, p-value≤0.05).


