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Post-electrophoretic methods

Detection by colorimetry

Staining method Detection Limit

Coomassie-R 8-100 ng

Coomassie-G Colloidal 8-100 ng

Silver nitrate (alkaline methods) <1-10 ng

Zinc imidazole 1-10 ng

Silver nitrate (acidic methods) 1-5 ng

Fluorescent detection

Staining method Detection Limit

SYPRO®-Orange, 4-30 ng

Red, Tangerine

SYPRO®-Ruby 1 ng

Epicoccone <1 ng

(Lightning Fast®, Deep Purple® )

Pre-electrophoretic methods

Fluorescent detection

Staining method Detection Limit

FlaSHPro® Dyes 2-3 ng

DIGE-minimal labeling 0.1-2 ng

DIGE-saturation labeling 0.005-0.01 ng

Post-electrophoretic methods

Detection by colorimetry

Staining method Detection Limit

Coomassie-R 8-100 ng

Coomassie-G Colloidal 8-100 ng

Silver nitrate (alkaline methods) <1-10 ng

Zinc imidazole 1-10 ng

Silver nitrate (acidic methods) 1-5 ng

Fluorescent detection

Staining method Detection Limit

SYPRO®-Orange, 4-30 ng

Red, Tangerine

SYPRO®-Ruby 1 ng

Epicoccone <1 ng

(Lightning Fast®, Deep Purple® )

Post-electrophoretic methods

Detection by colorimetry

Staining method Detection Limit

Coomassie-R 8-100 ng

Coomassie-G Colloidal 8-100 ng

Silver nitrate (alkaline methods) <1-10 ng

Zinc imidazole 1-10 ng

Silver nitrate (acidic methods) 1-5 ng

Fluorescent detection

Staining method Detection Limit

SYPRO®-Orange, 4-30 ng

Red, Tangerine

SYPRO®-Ruby 1 ng

Epicoccone <1 ng

(Lightning Fast®, Deep Purple® )

Pre-electrophoretic methods

Fluorescent detection

Staining method Detection Limit

FlaSHPro® Dyes 2-3 ng

DIGE-minimal labeling 0.1-2 ng

DIGE-saturation labeling 0.005-0.01 ng

Pre-electrophoretic methods

Fluorescent detection

Staining method Detection Limit

FlaSHPro® Dyes 2-3 ng

DIGE-minimal labeling 0.1-2 ng

DIGE-saturation labeling 0.005-0.01 ng
�
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25 kDa

20 kDa

15 kDa

37 kDa

50 kDa

75 kDa

100 kDa

Mr

pI
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Absolute Quantification

•Internal standards
•Peptide analogue
•QConCat

Relative Quantification

Label-free

Spectral 
Count

Peptide intensity 
profiling

Peptide mass
Peptide ion intensity

Peptide retention time
Number of peptides/protein

Stable isotope labeling
(SIL)

In vivo SIL
(protein)

In vitro SIL
(protein)

•15N
•SILAC
•…

Protein
•ICAT
•iTRAQ
•ICPL
•…

Peptide
•18O
•iTRAQ
•TMT
•ICPL
•Alkylation
•…

Protein intensity 
profiling

Absolute Quantification

•Internal standards
•Peptide analogue
•QConCat

Absolute Quantification

•Internal standards
•Peptide analogue
•QConCat

Relative Quantification

Label-free

Spectral 
Count

Peptide intensity 
profiling

Peptide mass
Peptide ion intensity

Peptide retention time
Number of peptides/protein

Stable isotope labeling
(SIL)

In vivo SIL
(protein)

In vitro SIL
(protein)

•15N
•SILAC
•…

Protein
•ICAT
•iTRAQ
•ICPL
•…

Peptide
•18O
•iTRAQ
•TMT
•ICPL
•Alkylation
•…

Protein intensity 
profiling

Relative Quantification

Label-free

Spectral 
Count

Peptide intensity 
profiling

Peptide mass
Peptide ion intensity

Peptide retention time
Number of peptides/protein

Stable isotope labeling
(SIL)

In vivo SIL
(protein)

In vitro SIL
(protein)

•15N
•SILAC
•…

Protein
•ICAT
•iTRAQ
•ICPL
•…

Peptide
•18O
•iTRAQ
•TMT
•ICPL
•Alkylation
•…

Protein intensity 
profiling
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The aim of our study was to analyze the proteomic pattern of human macrophages obtained
over a 4 year period from blood donors. The purpose was to simulate a long-term clinical
study to assess the application of 2-D DIGE technique for differential proteomic analysis of
these scarce samples. Bioinformatic analysis of 2-D DIGE gels of 19 different cultures of
macrophages assessed whether they did or did not contain at least speciÞc Þve spots iden-
tiÞed by MS as being or containing bovine deoxyribonuclease I (DNase I). Bovine DNase I
was used during sample treatment to remove nucleic acids from protein extracts. Macro-
phages were classiÞed in two groups, which appeared to be differentiated by the complete-
ness of DNase I treatment. Further detailed analysis revealed a different proteomic pattern of
macrophage protein samples according to the completeness of this treatment. The major
group of proteins affected, accounting for one third of the differentially expressed proteins,
included proteins involved in cell motion and actin cytoskeleton reorganization. The use of
DNase I for the removal of nucleic acids from protein samples must be avoided in proteomic
studies since it can generate bias in the analysis of protein expression patterns.

Keywords:
Deoxyribonuclease I / 2-D DIGE / Macrophage / MALDI-TOF / Proteome

1 Introduction

2-DE, combined with MS for protein identiÞcation, has
become the proteomic technique most common applied in
the study of protein expression pattern in diverse biological
processes. It has also been applied to the analysis of a wide
range of different samples, from bacteria [1Ð2], yeast [3] and
cells [4], to plasma [5Ð7] and plant extracts [8Ð9]. In some
studies where protein samples are scarce, classical 2-DE
cannot be applied because it is insufÞciently sensitive. This

problem has been solved by the development of ßuorescent
saturation DIGE dyes [10Ð11] that allow 2-D gels that use
only 5mg of protein. Recently, 2-D saturation DIGE tech-
nology has also been used to analyze microdissected tissue
[12Ð14]. Thus, thousands of proteins can now be simulta-
neously separated, and speciÞc staining can be used to
detect post-translational modiÞcations [15]. High resolution
of polypeptide spots requires not only good electrophoresis
conditions, but also appropriate sample preparation. The
latter generally depends on the nature of the sample.

Previous reports by our team described the application of
silver-stained 2-DE to analyze the protein expression
patterns of macrophages from blood samples [16]. Short-
term studies and 2-DE allowed us to construct 2-D maps and
databases of human macrophages characterized according
to previously established morphological and biochemical
criteria [17]. More recently, we used the 2-D DIGE technique
to characterize proteins modulated by oxidized low-density

Abbreviations: ABP, actin binding protein; Cy, cyanine; DNase,
deoxyribonuclease; GO, gene ontology; MDM, monocyte-
derived macrophage; RNase, ribonuclease
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lipoprotein treatment of human macrophages [18]. 2-DE
combined with saturation DIGE-labeling allows repro-
ducible differential proteomic analysis of scarce protein
samples and modulations of proteins selected were validated
by Western blot. This technology is thus appropriate for the
analysis of scarce samples, such as cell samples from clin-
ical studies with small quantities of protein. Clinical studies
are long-term studies that collect biological samples. Cell
sampling, cell culture, protein extraction and protein storage
are all key steps that must be performed the same way
throughout the study, according to appropriate guidelines
[19]. The aim of our study was to analyze the proteomic
pattern of human macrophages obtained over a 4 year
period from blood donors. Our purpose was to simulate a
long-term clinical study and assess the applicability and
reproducibility of the 2-D DIGE technique for differential
proteomic analysis of these scarce samples.

2 Materials and methods

2.1 Isolation and culture of human monocyte-
derived macrophages

For a period of 4 years (2002Ð2006), primary cultures of
human monocyte-derived macrophages (MDMs) were
prepared as previously described, according to a technique
adapted from Boyum et al. [20]. Brießy, peripheral blood
mononuclear cells from each donor were isolated from
25 mL of blood. Blood was diluted with PBS containing
0.1% w/v EDTA and carefully loaded onto a Ficoll gradient
(Eurobio) prepared in a Leucosep tube. After an initial
centrifugation step (370 g for 45 min, at room temperature),
monocytes were collected at the interface into a new tube
and washed with 10 mL PBS, 0.1% w/v EDTA by centrifu-
gation at 370g for 10 min, and then once in PBS alone at
370g for 10 min. Finally, the cell pellet was resuspended in
5 mL RPMI-1640 medium (Invitrogen) containing 0.4% v/v
penicillin (10 000 U/mL), 0.4% v/v streptomycin (10 000 mg/
mL), 1% w/v glutamine, and 2% w/v sodium pyruvate. The
cells were then seeded in 35 mm Primaria dishes (VWR) at a
density of 1� 106cells per dish. After sedimentation for
90 min, the supernatant containing the non-adherent cells
was discarded. The adherent cells, consisting of monocytes,
were washed three times with 1 mL PBS; 1 mL of fresh
medium containing 10% v/v heat-inactivated human serum
(Promocell) was then added. The culture medium was
changed on day 1 and then every two days. On day 12 of
primary culture, MDMs were washed three times with PBS
and then incubated for 24 h in serum-free culture medium.

The quality of MDMs in each culture was evaluated as
previously described [17] by assessing two markers, one
intracellular (endothelin-converting enzyme-1 mRNA,
detected by RT-PCR), and one secreted into the culture
medium (matrix metralloproteinase-9 activity, determined
by gelatin zymography).

2.2 Extraction of intracellular proteins from human
macrophages

After 24 h of incubation in serum-free culture medium,
MDMs were washed three times with 5 mL of 25 mM Tris,
pH 7.4, and scraped into 75mL of buffer containing 50 mM
Tris pH 8.6, 10 mM EDTA, 65 mM DTT, proteinase-inhibitor
cocktail (one tablet for 10 mL buffer) (Complete: Roche
Diagnostics, Meylan, France), 2000 U/mL deoxyribonuclease
I (DNase I) and 2.5 mg/mL ribonuclease A (RNase A) for
10 min at room temperature (Roche Diagnostics), which
yielded a concentration of � 60 000 cells/mL. The cell
suspension was then homogenized on ice with a minivortex
(Polylaboblock), and 7 M urea, 2 M thiourea, 4% w/v CHAPS
were added before immediately storage at� 201C.

For one macrophage culture in 2007, proteins were
extracted in two different conditions: the Þrst as described in
Section 3.1, Fig.1, and the second with the same buffer
without addition of DNase I and RNase A.

2.3 Protein-labeling

The 2-D Clean-up kit (GE Healthcare) was used to clean up
100mg of macrophage protein extracts for DTT elimination.
Protein pellets were then resuspended in 20mL of lysis
buffer (7 M urea, 2 M thiourea, 4% w/v CHAPS, 30 mM Tris,
pH 8) until the protein concentration was determined with
the Bio-Rad RCDC Protein Assay (Bio-Rad, UK) and BSA as
the protein standard.

DTT-cleaned samples were reduced and labeled with
DIGE saturation dyes as described previously [18]. Brießy,
the procedure for the analytical gels consisted in adjusting
5mg of every cleaned sample to 9mL with lysis buffer,
reducing it by incubation with 1mL of 2 mM Tris
(2-carboxyethyl) phosphine at 371C for 1 h, adding 2mL of
2 mM cyanine (Cy) (Cy3 or Cy5) and incubated for 30 min at
371C. The reaction was stopped by the addition of 12mL of
buffer containing 7 M urea, 2 M thiourea, 4% w/v CHAPS,
130 mM DTT and 2% v/v PharmalyteTM (GE Healthcare),
broad range pH 3Ð10 (GE Healthcare). The procedure for
preparative gels consisted in adjusting 500mg of every
sample to 250mL with lysis buffer, reducing it by incubation
with 10mL of 20 mM Tris (2-carboxyethyl) phosphine for 1 h
at 371C, adding 20mL of 20 mM Cy3, and incubating for
30 min at 371C. The reaction was stopped by adding
165.5mL of the buffer used for the analytical gels.

2.4 2-D DIGE

Before 2-DE, Cy3-labeled samples were mixed with the
corresponding Cy5-labeled samples. For the IEF steps, IPG
strip (24 cm, linear gradient pH 3Ð10) were rehydrated with
450mL of labeled sample mixture in buffer containing 7 M
urea, 2 M thiourea and 4% w/v CHAPS in a Protean IEF cell

Proteomics Clin. Appl. 2009, 3, 1236–1246 1237

& 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.clinical.proteomics-journal.com



system (Bio-Rad) for 24 h without applying any current.
After rehydration, IEF was performed at 300 V for 3 h, and
then at a gradient to 1000 V for 6 h, at a gradient to 8000 V
for 3 h and Þnally at 8000 V for 3 h. After IEF, the IPG strips
were incubated for 10 min at room temperature with equi-
libration buffer containing 6 M urea, 0.1 mM Tris-HCl pH 8,
30% v/v glycerol and 2% w/v SDS, applied to the top of a
12.5% isocratic Laemmli gels, sealed with low-melting
temperature agarose (GE Healthcare). SDS-PAGE was run
in an Ettan-Daltsix system (GE Healthcare) at 201C and at a
constant voltage of 70 V overnight followed by 300 V until
the bromophenol front reached the bottom of the gel. All
electrophoresis procedures (labeling, Þrst and second
dimension) were performed in the dark.

2.5 Image acquisition and bioinformatic analysis

Gels cast between two low-ßorescence glass plates were
scanned with an Ettan DIGE Imager scanner (GE Health-
care) at excitation/emission wavelengths of 532/580 nm for
Cy3 and 633/670 nm for Cy5 to yield images with a pixel
size of 100mm.

Image analysis was performed with Progenesis SameSpots
v2.0 software (Nonlinear Dynamics, Newcastle upon Tyne,
UK). Brießy, after a reference image was chosen, the other 2-D
gel images were automaticallyaligned before manual veriÞ-
cation. Spot volumes were then calculated and normalized in
each image. In the next step, the appropriate gels were selected
for each group. The differences in protein spots were then
analyzed. Spots were considered to have signiÞcantly different
normalized spot volumes if thefold-change was greater than
1.5 and the correspondingp-value (one-way ANOVA analysis)
was signiÞcant. The last step applied multivariate statistics to
the selected spots by calculatingq-values (for the false discovery
rate) and power. Principal component analysis was also used to
determine whether the data contained any outliers.

2.6 In gel tryptic digestion and peptide extraction

Spots corresponding to proteins differentially expressed
between the different groups of samples were manually
excised from a preparative gel. Before digestion, spots were
washed for 15 min with 100mL of 50 mM ammonium bicar-
bonate solution and then twice for 15 min with 50 mM
ammonium bicarbonate/50% ACN. They were then dried
after adding 100mL of ACN for 10 min. After discarding the
supernatant, tubes were left open for 10 min to complete
solvent evaporation. They were then rehydrated with 12mL of a
solution containing 0.025% ProteasMAXTM Surfactant, Tryp-
sin Enhancer (Promega) in 50 mM ammonium bicarbonate
and 3mL of 40mg/mL Trypsin Gold (Promega) in 50 mM acetic
acid. After overnight digestion at 371C, peptide extraction was
carried out in two steps according to the manufacturerÕs
protocol for ProteasMAXTM Surfactant, Trypsin Enhancer.

First, after adding 10mL 0.01% Surfactant solution and shak-
ing for 10 min, we transferred the supernatant into a new tube
and added 20mL of 0.01% Surfactant, 1% TFA solution; after
the tube was shaken for 10 min, the supernatant was trans-
ferred with the Þrst peptide extraction. Peptides were then
puriÞed, desalted with ZipTip C18 tips (Millipore Bedford,
MA, USA) according to the manufacturerÕs protocol, and
eluted with 3mL of 0.1% TFA/50% ACN.

2.7 MALDI-TOF MS and protein identiÞcation

For acquisition of the mass spectra of the extracted and
desalted peptides, we mixed 0.5mL of the peptide solution with
0.5mL of matrix solution (5 mg/mL of a-cyano-4-hydro-
xycinnamic acid dissolved in 0.1% TFA/50% ACN) on the
MALDI-TOF MS target. External calibration was performed
with a peptide mixture resulting from the tryptic digest of BSA
(0.5mg/mL). MALDI-TOF MS was then performed with a
Voyager DE STR mass spectrometer (PerSeptive Biosystems,
Framingham, MA, USA) equipped with a 337.1 nm nitrogen
laser and a delayed extraction facility (125 msec). All spectra
were acquired in a positive ion reßector mode under 20 kV
voltage, 61% grid. Typically, 300 laser shots were recordedper
sample. The mass spectra were then calibrated before protein
identiÞcation by peptide mass Þngerprinting, conducted by
running the MASCOT web searcher (http://www.
matrixscience.com/, Matrix Science, UK) against the NCBInr
20080718 (6 833 826 sequences; 2 363 426 297 residues) with
the following parameters: Þxed modiÞcations: CyDye-Cy3 (C);
Variable modiÞcations: oxidation (M); peptide mass tolerance:
7 50 ppm; peptide charge state: 11 ; max missed cleavages: 1.

Once the proteins were identiÞed, Gene Ontology
analysis of the subcellular localization, molecular functions
and biological functions of the proteins in group A and
group B was performed, with the freely available internet
tool: http://pipe.systemsbiology.net/pipe/] Summary.

3 Results and discussion

3.1 2-D gel pattern of human macrophages

Twenty-six MDM cultures obtained from 2002 to 2006 were
randomly selected to undergo 2-D DIGE. Figure 1 presents
representative macrophage cultures, all of which showed the
same morphology. Only primary cultures corresponding to
this morphology and meeting the molecular criteria (endo-
thelin-converting enzyme-1 mRNA expression and matrix
metralloproteinase-9 secretion) previously described [17] were
used for these 2-D gel proÞles. Each protein extract was labeled
with either Cy3 or Cy5 saturation dyes. Of the 26 subcultures
analyzed by the 2-D DIGE technique, 19 had 2-D DIGE gels of
sufÞcient quality for bioinformatic analysis. Interestingly, the
2-D gel analysis allowed us to classify these macrophage
subcultures into two groups according to the presence or
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absence of Þve speciÞc spots (Fig. 2). Group A includes the
macrophages with the Þve spots present on the 2-D DIGE gels
and group B, the macrophages for which the 2-D DIGE gels
lack these Þve spots (detailed insert in Fig. 2). MALDI-TOF MS
made it possible to identify bovine DNase I and annexin A5 as
the proteins corresponding to these spots (Supporting Infor-
mation Table 1). Mass values ofDNase I tryptic peptides were
also found for polypeptidic spots 3 and 22, identiÞed as
annexin A5. These data show that these protein extracts from
group A macrophages appears to contain DNase I.

To conÞrm these Þndings, we used a culture of macro-
phages obtained in 2007 (Fig. 1) to extract proteins both with
and without DNase I/RNase A treatment. Each sample (with
or without DNase I/RNase A) was labeled with either Cy3 or
Cy5 to ensure that proÞles did not differ due to Cy-labeling. As
Fig. 3A shows, each sample produced the same 2-D DIGE
proÞle, whether it was labeled with Cy3 or Cy5. Interestingly,
regardless of whether protein extraction did or did not use
DNase I/RNase A treatment, all the 2-D DIGE gel images
lacked the Þve spots (white frame in Fig. 3A) that distin-
guished the macrophages in group A and group B. However,
detailed bioinformatic analysis comparing the four repre-
sentative gel images of these different groups of macrophages
revealed that the spots differentially expressed between
macrophages treated with and without DNase I/RNase A were
the same as between group A and group B (Fig. 3B). Enlar-
gement of Þve groups of spots (Supporting Information
Fig. 1) revealed that the 2-D protein expression proÞle of

group A was similar to that of the untreated sample and the
2-D proÞle of group B similar to that of the sample treated
with DNase I RNase A. We hypothesize from these Þndings
that the DNase I/RNase A treatment of the macrophages in
group A during their protein extraction process, was incom-
plete, leaving behind protein that results in these spots in the
2-D gel. Moreover, a problem due to a speciÞc batch of DNase
I/RNase A is ruled out by the Þnding that the classiÞcation of
macrophages into group A or group B does not dependent on
the year of the subculture (data not shown). Of the 19
subcultures analyzed, 12 were classiÞed as group A (incom-
plete DNase I/RNase A treatment) and 7 as group B.

3.2 Differential protein expression between group A
and group B macrophages

Because of the difference in the 2-D proÞles of group A and
group B macrophages, despite the absence of any morpholo-
gical differences (Fig. 1), we performed a detailed bioinfor-
matic analysis of the 2-D-gels between the two groups. Of 598
spots detectedpergel (from 24 images of group A and 14 of
group B), bioinformatic analysis revealed 104 polypeptide
spots differentially expressed between group A and group B,

Figure 1. Morphology of human macrophages. Photographs of
phase-contrast microscopy were performed on primary culture
at day 12. Examples of ten primary cultures of MDM from
different donors performed over a 4 year period (from 2002 to
2006) are shown on the left. An example of primary MDM culture
in 2007 to evaluate DNase I/RNase A treatment is presented on
the right.

Figure 2. Representative 2-D DIGE gel analysis of intracellular
proteome of human macrophages. Macrophage proteins (5 mg)
labeled with either Cy3 or Cy5 from cultures of 26 different
macrophages were analyzed. Gels were classi�ed according to
the presence (group A) or absence (group B) of �ve speci�c
spots. Detailed insert of area discriminating between group A or
group B is presented for three different macrophage’ cultures.
The positions of molecular weight ( Mr ) standards are indicated
on the left, and the p I are indicated on the bottom of the gel.
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located in 20 areas of the 2-D gel (Fig. 4A). Each of these 104
spots was manually validated and selected if its fold-change
was greater than 1.5 and itsp-valueo 0.05. In either case, aq-
valueo 0.05 was also required for selection. In all, 49 spots
were up-regulated and 55 down-regulated in group A
compared with group B (Fig. 4B). SameSpots software
allowed us to apply principal component analysis to deter-
mine whether the selected differential spots were reproducibly
detected in all the gels from the same group (data not shown).

3.3 Effect of incomplete DNase I/RNase A treatment
on macrophage protein patterns

Of the 104 polypeptide spots found to be differentially
expressed between group A and group B, 12 could not be
identiÞed (spots 2, 60, 76, 85, 92, 107, 140, 141, 178, 181, 206
and 222) due to the low-intensity signal on MS or the low-
probability score. Table 1 reports the identity of the 31 different
proteins corresponding to these differentially expressed

Figure 3. Representative 2-D
DIGE gel of intracellular
proteome of human macro-
phages treated by DNase I/
RNase A. (A) Representative
2-D DIGE gels of proteins
(5 mg) treated with DNase I
and RNase A (1, 2) or not
treated (3, 4) and labeled
with either Cy3 (1, 3) or Cy5
(2, 4). The area correspond-
ing to the �ve spots discri-
minating between group A
and group B is indicated by
a white frame. The positions
of molecular weight ( Mr )
standards are indicated on
the left and the p I are indi-
cated on the bottom of the
gels. (B) Bioinformatic
comparison of representa-
tive 2-D DIGE gels from
macrophage proteins trea-
ted or not with DNase I/
RNase A (upper part) and
from macrophage proteins
belonging to group A or
group B (lower part). Five
areas, named 1–5, permitted
a detailed bioinformatic
comparison. Details of the
�ve areas are presented as
supporting online informa-
tion (Supporting Informa-
tion Fig. 1). The positions of
molecular weight ( Mr ) stan-
dards are indicated on the
left, and the p I are indicated
on the bottom of the gels.
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polypeptide spots. Interestingly, six proteins (annexin A2,
phosphoglycerate mutase I,actin cytoplasmic 1, actin cyto-
plasmic 2, gelsolin and plastin-2) were represented by at least
Þve separate spots. Supporting Information Table 2 presents a
detailed MS analysis of the104 polypeptide spots identiÞed.
These proteins wereclassiÞed according to their biological
signiÞcance: skeletalsystem development, gluconeogenesis,
glycolysis, anti-apoptosis, cell motion, sensory perception of
sound, actin cytoskeleton reorganization, actin Þlament

severing, calcium ion binding, signal transduction, ATP
synthesis couple proton transport, cellular response to oxida-
tive stress, cellular chaperone, cell redox homeostasis and GTP
binding. The sensitivity and relevance of 2-D DIGE gel tech-
nique for proteomic analysis is further demonstrated by our
earlier description of most of these proteins [16] in a study that
used silver-stained 2-D gels.

SigniÞcantly differential expression between groups A and
group B was observed for three groups of proteins. The Þrst

Figure 4. Bioinformatic analysis
of 2-D DIGE gels of human
macrophages. (A) Representa-
tive 2-D DIGE gels analyzed
with Progenesis SameSpots
v2.0 software. Twenty areas
were shown to discriminate
between macrophages classi-
�ed in group A or group B. (B)
Detailed of each area showed
the spots expressed differen-
tially and statistically signi�-
cantly between group A and
group B.
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Table 1. Detailed list of proteins with statistical differential expression between group A and group B macrophages

Spot
number

Accession
number

Protein name Protein function Subcellular
localization

Fold-change (group
A versus group B)

GO:0001501 Skeletal system development
34
83
90

132
158
183

P07355 Annexin A2 Calcium-regulated membrane-
binding protein

Basement
membrane

� 5.4
3.8

� 3.7
� 3.1

2.8
� 2.6

66 Q06830 Peroxiredoxin-1 Involved in redox regulation Cytoplasm � 4.1
71 of the cell � 4.1

200 2.4

GO:0006094 Gluconeogenesis
134
151

P09467 Fructose-1,6-
bisphosphatase 1

Carbohydrate metabolism Cytosol
mitochondrion

-3.1
-2.8

GO:0006096 Glycolysis
4

33
188

P06733 a-Enolase Multifunctional enzyme Membrane
nucleus
cytoplasm

10.2
5.4
2.5

42
190

P14618 Pyruvate kinase
isozymes M1/M2

Glycolytic enzyme Cytosol � 5.1
2.5

55
120
210
217
243

P18669 Phosphoglycerate
mutase 1

Bisphosphoglycerate 2-
Phosphatase activity

Cytosol � 4.5
� 3.2
� 2.3
� 2.3

2.1

100
235

P04406 Glyceraldehyde-3-
phosphate
dehydrogenase

Membrane tra�cking Cytoplasm
membrane

� 3.5
� 2.2

111
218

P04075 Fructose-bisphosphate
aldolase A

Actin binding Actin cytoskeleton
nucleus

3.4
� 2.3

GO:0006916 Anti apoptosis
136�

203
P09211 Glutathione S-

transferase P
Gluthatione transferase activity Cytoplasm � 3.0

� 2.4
292 P63104 14-3-3 protein- z/d Adaptor protein in signaling pathways Cytoplasm � 1.8

GO:0006928 Cell motion
10
15
72

165�

P08670 Vimentin Class-III intermediate �laments Cytoplasm � 8.0
� 6.8

4.1
2.7

27�

30�

31�

50�

57�

68�

88�

110�

121�

123�

130�

136�

139�

205�

P60709
P63261

Actin, cytoplasmic 1
Actin, cytoplasmic 2

Involved in various types of cell
motility

Cytoskeleton
cytoplasm

� 5.7
� 5.5
� 5.5
� 4.7
� 4.5
� 4.1
� 3.7
� 3.4
� 3.2
� 3.2
� 3.2
� 3.0
� 3.0
� 2.4
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Table 1. Continued

Spot
number

Accession
number

Protein name Protein function Subcellular
localization

Fold-change (group
A versus group B)

238�

269�
� 2.1
� 1.9

39
51

147

P26038 Moesin Involved in connections of major
cytoskeletal structures to the
plasma membrane

Cytoplasm
cytoskeleton
membrane

5.3
4.5
2.9

56
293�

P06753 Tropomyosin a-3 chain Binds to actin �laments Cytoplasm
cytoskeleton

4.5
� 1.8

161 P07437 Tubulin- b-chain Major constituent of macrotubules Microtubule 2.8

165� P61158 Actin-related protein 3 Involved in regulation of actin
polymerisation

Cytoplasm 2.7

312 P52565 Rho GDP-dissociation
inhibitor 1

Regulates the GDP/GTP exchange
reactions of the Rho proteins

Cytoplasm
cytoskeleton

1.7

GO:0007605 Sensory perception of sound
63

118
O75083 WD repeat-containing

protein 1
Involved in disassembly of

Actin �laments
Cytoplasm

cytoskeleton
� 4.0
� 2.8

GO:0030036 Actin cytoskeleton organization
14 P21333 Filamin-A Links actin �lament to memebrane

glycoproteins
Cytoplasm � 7.0

GO:0051014 Actin Þlament severing
91

103
106
119
125

P06396 Gelsolin Actin-modulating protein that binds
to the barbed ends of actin

Cytoplasm 3.7
3.5
3.4
3.2
3.2

GO:0005509 Calcium ion binding
6 P13796 Plastin-2 ABP Cytoplasm � 9.8
7 � 9.5

20 � 6.4
23 � 6.3
69 4.1

101 3.5
112 3.3
213 2.3
242 � 2.1

GO:0007165 Signal transduction
75

152
P61224 Ras-related protein Rap-

1b
Belongs to the small GTPase

superfamily
Cytoplasm

membrane
� 4.0
� 2.8

GO:0015986 ATP synthesis coupled proton transport
53 P06576 ATP synthase subunit- b Produces ATP from ADP Mitochondria 4.5

GO:0034599 Cellular response to oxidative stress
16
62

P52209 6-Phosphogluconate
dehydrogenase

Carbohydrate degradation Cytoplasm 6.8
4.3

182
198
74

P11413 Glucose-6-phosphate-1-
dehydrogenase

Main producer of NADPH reducing
power

Cytosol � 2.6
2.4
4.1

280 P30043 Flavin reductase Possible role in protecting cells from
oxidative damage

Cytoplasm � 1.8
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group comprised the proteins involved in glycolysis
(a-enolase, pyruvate kinase isozymes M1/M2, phosphoglyce-
rate mutase 1, glyceraldehyde-3-phosphate dehydrogenase and
fructose-bisphosphate aldolase A), and the second group those
involved in cellular response to oxidative stress (6-phos-
phogluconate dehydrogenase, glucose-6-phosphate-1-dehy-
drogenase and ßavin reductase). The third group,
interestingly, comprised 13 proteins involved in cell motion
and actin reorganization: vimentin, actin cytoplasmic 1, actin
cytoplasmic 2, moesin, tropomyosina-3 chain, tubulin b-
chain, actin-related protein 3, rho GDP-dissociation inhibitor
1, WD repeat-containing protein 1, Þlamin-A, gelsolin, plastin-
2 and elongation factor 2. This group accounts for one third of
the proteins identiÞed: four of them were down-regulated
(Þlamin-A, actin cytoplasmic 1, actin cytoplasmic 2 and WD
repeat-containing protein 1) and six up-regulated (gelsolin,
moesin, tubulin b-chain, actin-related protein 3, rho GDP-
dissociation inhibitor 1 and elongation factor 2) in group A
compared with group B. Three proteins (plastin-2, vimentin
and tropomyosina-3 chain) appeared in spots that were both
up and down-regulated in group A compared with group B, a
situation that suggests a possible differential post-translational
modiÞcation or protein cleavages. Except tubulinb-chain,
whose presence is characteristic of microtubules only, twelve
proteins are located in the cytoplasm and 6 of them in the
cytoskeleton (actin cytoplasmic 1, actin cytoplasmic 2, moesin,
tropomyosin a-3 chain, rho GDP-dissociation inhibitor 1 and
WD repeat-containing protein 1). Interestingly, we also
observed a shift of cytoplasmic proteins between group A
(14%) and group B (24%) and an inverse shift of cytoskeleton
proteins (27 and 14%, respectively). These subcellular locali-
zation are consistent with previous 2-D maps of the human

macrophage proteome [16], where the protein pattern seemed
to be that of group B (complete DNase I treatment).

Interestingly, DNase I has been described not only as
having nuclease activity, but also as playing a role in the
regulation of actin polymerization; indeed actin is the natu-
rally occurring inhibitor of DNase I [21]. DNase I was initially
though to have greater afÞnity for monomeric (G-actin) than
for Þlamentous (F-actin) actin [22], but a recent study repor-
ted similar dissociation constants of DNase for both G-actin
and F-actin [23]. However, the biological signiÞcance of the
interaction between actin and DNase I remains unknown.
Several studies have examined the interaction of the
actin:DNase I complex with other actin-binding proteins
(ABPs) [24Ð26]. DNase I afÞnity chromatography has
captured actin complex with other ABPs [27], and the
commonly used DNase I inhibition assay has been used to
quantify monomeric and polymeric actin [28]. Based on our
results, treatment of protein samples with DNase I clearly
appears to explain why the main differences in protein
expression proÞles between group A and group B are for
proteins involved in actin reorganization and cell motion,
including actin cytoplasmic 1 and actin cytoplasmic 2.

Our data clearly showed that DNase treatment, in the
expectation of nuclease activity, can be a source of bias
because of the strong interaction between DNase I and actin
and the possible role of DNase I in the regulation of actin
cytoskeleton. At a minimum, this Þnding is pertinent to
long-term studies and to samples that are cell protein
extracts. We strongly recommend the use of alternative
techniques, such as sonication or precipitation, to remove
nucleic acids from protein samples. Another potential
recently proposed technique is a two-phase extraction of

Table 1. Continued

Spot
number

Accession
number

Protein name Protein function Subcellular
localization

Fold-change (group
A versus group B)

GO:0034619 Cellular chaperone
45

131
174

P07900 Heat shock protein HSP
90-a

Molecular chaperone Cytosol 4.8
� 3.2
� 2.7

GO:0045454 Cell redox homeostasis
133 P30101 Protein disul�de-

isomerase A3
Catalyze the rearrangement of

disul�de bonds
Endoplasmic

reticulum
3.1

228 P07237 Protein disul�de-
isomerase

Catalyze the formation, breakage and
rearrangement of disul�de bonds

Endoplasmic
reticulum

� 2.2

GO:0005525 GTP binding
18
40
64

P13639 Elongation factor 2 Promotes the GTP-dependent
translocation

Cytoplasm 6.7
5.1
4.2

Spots with p- (ANOVA) o 0.05 and q-value (probability to false discovery rate) o 0.05 were selected to be identi�ed by MALDI-TOF MS.
Monoisotopic peptides masses were searched for NCBI protein databases using MASCOT search engine (http://www.matrixscience.com/).
Assignments were made according to UniProtKB/SwissProt Release 15.1/57.1 of April 14, 2009 (462,764 entries). Theo. 5 theoretical.
Exp. 5 experimental. Asterisk for these spots, peptide mass �ngerprint search gave more than one protein with a signi�cant probability-based
mowse score, all possible results are shown in the table.
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DNA in chloroform/phenol/isoamyl alcohol to remove DNA
from E. coliextracts [29].

4 Concluding remarks

The use of DNase I for the removal of nucleic acids from
protein samples must be avoided, for it can engender
bias in the analysis of protein expression patterns in
proteomic studies. Not only does DNase I have nuclease
activity, but it has also been reported to be involved in actin
cytoskeleton regulation because of its high afÞnity for
actin. During our 4 year 2-D DIGE study of the protein
expression proÞles of human macrophages, we found that
DNase I treatment produced changes in their proteome
proÞles. The proteins mainly affected by this treatment were
those involved in cell motion and actin cytoskeleton reor-
ganization.
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N� N�OOA�NJ� Q�TNA�NN� K�LT� �JQ� NRM� M�MKA�KQ� N�LPA�KT�K�OM� M�P�

J� J�QNA�NK� P�OKA�KL� K�QR� �JT� NRP� N�PTA�KL� N�OTA�KQ�K�TQ� �M�P�

M� Q�PTA�NJ� J�TTA�NK� K�LR� �JR� NRT� O�TTA�KT� N�QQA�KO�K�PT� �M�P�

P� Q�JKA�KT� J�KMA�KO� K�PO� �JJ� NRQ� K�KKKJJ� K�KKKNL� K�JM� �M�P�

T� N�NMA�KR� N�TPA�KR� K�MP� �NT� NRL� M�NPA�NK� P�QRA�KL�K�QP� �M�M�

Q� N�RPA�KL� N�OTA�KQ� K�TQ� NT� NOK� K�KKKJK� K�KKKNL� K�JM� �M�M�

L� J�KJA�NJ� Q�QQA�NN� K�LT� �NO� NON� P�OMA�KT� N�MJA�KO�K�PL� �M�M�

NK� M�MMA�NO� Q�TQA�NP� N�KK� NO� NOM� O�KNA�KT� N�OTA�KO�K�PQ� M�M�

NN� R�QJA�KQ� M�KOA�KT� K�OK� �NP� NOR� M�TQA�KO� T�KKA�KO� K�ML� �M�M�

NM� N�NNA�KQ� Q�RQA�KQ� K�OQ� NP� NOT� J�ONA�KT� Q�QQA�KT�K�RJ� M�M�

NP� P�KPA�KQ� J�MTA�KT� K�OJ� NM� NTK� J�KNA�KR� J�PQA�KR�K�MJ� M�J�

NL� R�LTA�KQ� M�NPA�KT� K�OK� �NJ� NTN� N�RQA�KR� J�JPA�KR� K�MM� M�J�

JK� J�OTA�NK� P�OKA�KL� K�QR� �NJ� NTO� P�NQA�KO� T�TRA�KO� K�ML� M�J�

JJ� P�PNA�KT� N�MJA�KO� K�PL� �NN� NTQ� K�KKKNM� K�KKKNJ� K�JR� M�J�

JP� J�NTA�KT� Q�KOA�KT� K�RM� �NN� NTL� J�RTA�KQ� N�RLA�KT� K�OP� �M�J�

JR� N�PLA�KL� N�OTA�KQ� K�TQ� �NN� NLK� Q�PKA�KQ� M�LLA�KT� K�RQ� �M�N�

JT� N�MNA�NM� N�JKA�NN� K�LL� NN� NLN� Q�JNA�KR� T�ONA�KR�K�JO� M�N�

MK� N�OPA�NN� M�LNA�NK� K�LM� �NK� NLJ� Q�RJA�KO� N�PRA�KR� K�MO� �M�N�

MN� M�LJA�KT� N�JNA�KO� K�RK� �L�L� NLP� N�QJA�KR� J�JRA�KR� K�MJ� M�N�

MM� N�RTA�KR� J�JPA�KR� K�MM� �L�T� NLO� N�MOA�KT� R�POA�KT� K�RR� �M�
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TO�

MP� N�MMA�KR� J�KOA�KR� K�MP� �L�M� NLQ� Q�MJA�KR� T�TJA�KR� K�JO� �M�

MR� N�KOA�KR� N�OPA�KR� K�MR� �L�J� JKK� R�TNA�KT� N�RLA�KO� K�PQ� �M�

MO� O�KLA�NN� N�NMA�KL� K�LK� Q�L� JKM� J�JRA�KT� Q�JPA�KT� K�RM� M�

MT� N�MOA�NM� N�JKA�NN� K�LL� Q�L� JKP� K�KKKNK� L�PLA�KR�K�JO� M�

MQ� P�PPA�KQ� J�PTA�KT� K�ON� �Q�Q� JKR� P�JQA�KR� P�JJA�KR� K�JL� �M�

PP� N�NNA�KT� P�TJA�KT� K�RO� �Q�R� JKT� P�JMA�KO� T�QPA�KO� K�ML� J�L�

PR� R�NLA�KT� N�PPA�KO� K�PL� �Q�R� JNJ� K�KKKNJ� K�KKKNN�K�JR� �J�L�

PO� M�QQA�NJ� N�PRA�NK� K�LO� �Q�P� JNP� N�RNA�KR� J�JPA�KR� K�MM� J�L�

PQ� P�JTA�KT� N�MJA�KO� K�RK� �T�L� JNR� J�MLA�KT� Q�JPA�KT� K�RM� �J�L�

PL� N�NNA�KO� J�TRA�KO� K�PR� �T�Q� JNL� N�TMA�KR� J�JPA�KR� K�MM� J�L�

RN� J�NOA�KL� J�KTA�KQ� K�TO� �T�T� JJR� L�JMA�KO� N�PRA�KR� K�MR� �J�Q�

RJ� T�KJA�NM� P�OJA�NN� K�LQ� T� JMM� J�KNA�KR� J�PQA�KR� K�MJ� �J�Q�

RQ� R�RPA�KQ� J�LNA�KT� K�OK� �O�P� JMR� J�LNA�KR� M�OKA�KR� K�MK� �J�Q�

RL� T�NQA�KR� O�OOA�KR� K�JT� �O�M� JMO� P�JQA�KO� T�LPA�KO� K�ML� J�Q�

OK� M�KJA�KO� O�NOA�KO� K�PK� �O�M� JML� K�KKKML� K�KKKJP�K�JN� �J�T�

OJ� N�PNA�NN� M�TNA�NK� K�LP� O�M� JPQ� N�LOA�KR� J�PMA�KR� K�MJ� J�T�

OR� N�NRA�KQ� Q�TKA�KQ� K�OQ� O� JRP� L�MTA�KO� N�PRA�KR� K�MR� J�O�

OT� Q�NQA�KT� J�KJA�KO� K�PO� �R�L� JRT� J�JPA�KR� J�TTA�KR� K�MN� �J�O�

OL� N�KRA�NN� M�KRA�NK� K�LP� �R�L� JOJ� J�POA�KO� R�MJA�KO� K�PN� J�O�

TK� Q�KOA�KR� T�PQA�KR� K�JT� �R�T� JOM� N�KRA�KR� N�OMA�KR� K�MR� �J�O�

TN� N�RKA�KR� J�JPA�KR� K�MM� R�T� JOP� N�QJA�KR� J�JPA�KR� K�MJ� �J�O�

TJ� N�NKA�KL� N�MOA�KQ� K�TL� R�T� JOR� M�KMA�KR� M�TRA�KR� K�MK� J�O�

TP� M�RKA�KT� N�KQA�KO� K�RN� �R�R� JTK� N�LQA�KR� J�PRA�KR� K�MJ� J�R�

TR� K�KKKJT� K�KKKNL� K�JJ� �R�P� JTN� J�RPA�KO� R�RKA�KO�K�PN� �J�R�

TO� N�OLA�KO� M�OTA�KO� K�PM� �R�M� JTT� O�TMA�KR� O�JPA�KR� K�JT� J�R�

QK� N�TMA�KL� N�QJA�KQ� K�TT� R�N� JTQ� M�LKA�KR� P�JJA�KR� K�JL� J�R�
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TT�

QJ� N�NKA�KT� P�TJA�KT� K�RT� �R�N� JTL� N�RPA�KR� J�JPA�KR� K�MM� J�R�

QL� J�QQA�KQ� N�TQA�KT� K�OM� P�O� JQN� N�RJA�KO� M�JLA�KO� K�PM� �J�P�

LJ� N�NTA�KQ� Q�TKA�KQ� K�OQ� �P�R� JLR� J�MRA�KR� J�LKA�KR� K�MN� J�P�

LP� M�JOA�KR� P�KMA�KR� K�MK� �P�R� MKN� K�KKKJM� K�KKKNL�K�JM� J�P�

LO� J�PMA�NN� R�MMA�NK� K�LJ� P�R� MKO� K�KKKRO� K�KKKMR� K�JK� J�P�

LL� N�LOA�KT� T�JTA�KT� K�RP� P�P� MJJ� K�KNTKT� K�KKRJQ� K�NN� J�M�

NKM� O�LJA�KQ� M�PJA�KT� K�RL� P�M� MJO� K�KKKOO� K�KKKPN�K�NL� J�J�

NKO� J�OTA�NN� R�MOA�NK� K�LJ� P�J� MJT� M�OQA�KR� P�JJA�KR� K�JL� J�J�

NKL� N�RPA�KR� J�JPA�KR� K�MM� P�J� MJQ� K�KKKNL� K�KKKNQ�K�JM� �J�J�

NNM� N�NRA�KT� P�TJA�KT� K�RO� P� MJL� K�KKNN� K�KKKOO� K�NQ� J�J�

NNP� N�MTA�KR� J�NJA�KR� K�MP� �P� MPK� T�TOA�KR� T�JKA�KR� K�JT� J�J�

NNO� L�PJA�NK� N�JJA�KQ� K�QK� M�L� MPM� J�LNA�KR� M�OKA�KR� K�MK� J�J�

NJK� P�JTA�KR� P�JJA�KR� K�JL� �M�L� MPT� K�KKKOL� K�KKKPM� K�NL� J�J�

NJP� J�KNA�KL� N�LLA�KQ� K�TO� �M�Q� MRR� N�JPA�KT� P�LLA�KT� K�RO� J�J�

NJO� T�RQA�KQ� M�TRA�KT� K�RQ� M�Q� MON� N�KKA�KO� J�PTA�KO� K�PR� �J�N�

NMK� R�PKA�KO� N�KKA�KR� K�MQ� M�T� MOP� P�JPA�KT� N�MNA�KO� K�RK� �J�N�

NMN� P�JOA�KO� T�LNA�KO� K�ML� M�T� MOR� K�KKKNM� K�KKKNJ�K�JR� J�N�

NMJ� K�KKKNJ� K�KKKNN� K�JR� �M�T� MTR� J�JMA�KO� P�QJA�KO� K�PJ� �J�N�

NMR� T�OTA�NK� N�KPA�KQ� K�QN� M�O� MTL� K�KKKMJ� K�KKKJK�K�JJ� �J�N�

NPN� L�LRA�KL� Q�MKA�KQ� K�OL� M�O� MQR� R�JNA�KR� P�QMA�KR� K�JQ� �J�

NPP� N�JLA�KO� J�LQA�KO� K�PP� �M�R� MLJ� K�KKKRN� K�KKKMJ� K�JK� J�

NPT� Q�OKA�KQ� M�LLA�KT� K�RQ� �M�R� � � � � �
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