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We describe here an approach for the mass spectrometric identification of proteins in proteome analysis
from 1D- and 2D-gel electrophoretic separation, using stain-free detection and visualization based on
native fluorescence. Staining procedures such as by Coomassie Brilliant Blue, silver salts and fluorescent
dyes are typically employed to visualize gel-separated protein bands with high detection sensitivity,
however all of these staining procedures produce significant background in mass spectrometric analysis.
Using the native fluorescence of aromatic protein amino acids with UV transmission at 343 nm as a fast
gel imaging system, unstained visualized protein spots were localised. Upon excision from gels using
precise spot picking tools, gel spots were proteolytically digested and analysed by matrix-assisted laser
desorption-ionisation mass spectrometry (MALDI-MS). After initial development and testing using 1D-
gel separated standard proteins, the stain-free detection approach was successfully applied to MALDI-MS
protein identifications in (i), bacterial proteomics of Desulfotignum phosphitoxidans, and (ii), in porcine
skeleton muscle proteomics. Major advantages of the stain-free gel detection approach are (i), rapid
analysis of proteins from 1D- and 2D-gel separations without destaining required before proteolytic
digestion; (ii), low detection limits of proteins in gels; and (iii), low background in the mass spectrometric

analysis of proteins.

1. Introduction

A variety of protein detection and visualization techniques
of protein bands or spots from 1- and 2-dimensional gel elec-
trophoretic separations have been developed and employed in
mass spectrometric proteomics [1-4]. Well established staining
procedures for visualization of proteins in gels have used dyes
such as Coomassie Brilliant Blue, silver salts and fluorescent dyes
(Flamingo, Sypro®Ruby) [5,6]. While several of these approaches
provide high detection sensitivities of proteins, major problems are
frequently encountered with the compatibility of staining proce-
dures with the mass spectrometric analysis [7], background arising

Abbreviations: BAGb, ioanalyzer gel; 2D, two-dimensional gel electrophore-
sis; IEF, isoelectric focusing; 1D, one-dimensional gel electrophoresis; SDS-PAGE,
sodium dodecyl sulfate polyacrylamide gel electrophoresis; MALDI-TOF, matrix-
assisted laser desorption/ionization - time of flight; PMF, peptide mass
fingerprinting.
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from polar staining materials, and the need for applying destaining
procedures of isolated proteins [8].

Several procedures have been recently explored in order to
overcome these problems, using unstained gels in gel elec-
trophoretic separations [9-12]. In fluorescence labeling studies of
glycoproteins, Zhao and co-workers observed a fluorescent sig-
nal for non-glycosylated proteins such as hen lysozyme, which
was attributed to the intrinsic (native) protein fluorescence [13].
Fluorescence detection of proteins has been evaluated with pre-
or post-electrophoretic incorporation of halogenated compounds
such as trichloromethane, trichloroethanol and trichloroacetic acid,
which react with tryptophane residues upon treatment with UV
light yielding products that show emission in the visible light range
suitable for visualization of protein bands [11,14]. A direct UV fluo-
rescence detection method for unstained proteins in gels was first
developed by Roegener et al. who used laser excitation with 280 nm
UV light (35 mJ/cm?) and showed the visualization of proteins in
both 1D- and 2D-gel separations with low detection limits (1-5 ng)
[9]. A commercial gel bioanalyzer based on native fluorescence
has been recently developed (LaVision-BioTec, Bielefeld, Germany)
[15].
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In the present study we have developed and applied native
fluorescence detection of proteins in stain-free one- and two-
dimensional gel electrophoretic separations as a sensitive and
efficient approach for mass spectrometric identifications in pro-
teome analysis. We show that in stain-free visualization the protein
fixation step following gel electrophoretic separation can be omit-
ted, and protein spots or bands directly analysed after scanning.
Successful applications using the stain-free gel bioanalyzer were
performed in bacterial proteome studies (Desulfotignum phosphi-
toxidans) [16,17], and in porcine skeleton muscle proteomics.
These results, providing unequivocal identifications of proteins at
low detection limits, without the need for destaining procedures
before proteolytic digestion of isolated protein bands, indicate
broad applicability of the stain-free gel separation and visualization
approach as an efficient and sensitive tool in mass spectrometric
proteomics.

2. Experimental part
2.1. 1D- and 2D-gel electrophoresis

Proteins were separated by 12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) on 1 mm gels using the
standard Laemmli method with a Mini-PROTEAN®3 cell gel system
(Bio-Rad; Miinchen, Germany). Hen eggwhite lysozyme and other
model proteins were obtained from Sigma-Aldrich (Miinchen, Ger-
many).

Samples for 2D-gel separations were applied for 12h on 17 cm
IPG strips (pH ranges, 5-8 and 3-10) using a passive in-gel rehy-
dration method. The rehydration solution contained 7 M urea, 2M
thiourea, 4% (w/v) CHAPS, 40 mM Tris-base, 2% (v/v) Servalyt 5-8,
0.3% dithiothreitol (DTT) and a trace of bromophenol blue. Isoelec-
tric focusing (IEF) was carried out using a Multiphor horizontal
electrophoresis system (Amersham Biosciences, Miinchen, Ger-
many). After focusing, the IPG strips were equilibrated for 30 min
in 6 M urea, 30% glycerol, 2% (w/v) SDS, 0.05M Tris-HCI (pH 8.8),
1% (w/v) DTT and a trace of bromophenol blue, then incubated
for 30 min in the same solution except that DTT was replaced by
4.5% (w/v) iodoacetamide. For the second separation step, the Bio-
Rad Protean-II-xi vertical electrophoresis system was, and 10% and
12.5% SDS-PAGE gels of 1.5mm thickness were prepared. Strips
were placed on the vertical gels and overlaid with 0.5% agarose in
SDS running buffer (25 mM Tris-base, 192 mM glycine, 0.1% (w/v)
SDS). Electrophoresis was performed in two steps: 25 mA/gel for
approximately 30 min, and 40 mA/gel until the dye front reached
the anodic end of the gels.

For the 2D-gel preparations of samples from D. phosphitoxidans
(soluble fraction), acetone precipitation was used for removal of
salts and contaminants. The protein fraction was precipitated for
5h at —28 'C by adding 6 volumes of ice-cold acetone. After 20 min
centrifugation at 14900 x g the residual acetone was removed and
the pellet allowed to dry.

2.2. Native fluorescence visualization of proteins

Following 1D- or 2D-gel separations, proteins were visualized
using sensitive colloidal Coomassie staining and silver staining as
described [5,6] using a GS-710 calibrated imaging densitometer
(Bio-Rad, Miinchen, Germany), or scanned with the gel bioanalyzer
(BAG). The components of the gel bioanalyzer (LaVision-Biotec
GmbH, Bielefeld, Germany) are schematically shown in Fig. 1.
The experimental setup is based on a UV excitation source and
a detection system within the UV range. The UV excitation light
was generated by a 300 W xenon lamp (265-680nm). The irradi-
ation area was set to 1cm? at 35 mW/cm? and imaged by three
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Fig. 1. Scheme of the gel bioanalyzer (LaVision-Biotec, Bielefeled, Germany),
adapted after http://www.lavisionbiotec.com/en/microscopy-products/gelreader/.

lenses onto a photomultiplier detector. A UV band-pass filter
(280-400nm) is incorporated to block the excitation light from
the detection system. From four filter positions (one for UV exci-
tation, three for visible fluorescence), the UV filter transmitting
light at =343 +65/2 nm was employed. The large reading area
(30 x 35 cm?) provided scanning of both 1D- and 2D-gels. The
instrument has a removable gel tray and is equipped to read
unstained as well as stained protein gels. In the present study only
scanning of unstained gels was applied. High precision polycar-
bonate tools for localisation and isolation of protein spots were
prepared by the Department’s mechanical workshop; after fixation
in position on the gel tray, localisation and isolation of gel spots was
carried out by moving the gel tray, with positioning and scanning
of the gel controlled by the LaVision-Biotec scanning software.

2.3. Sample preparation of porcine muscle proteins

Muscle samples were taken from Longissimus dorsi at the posi-
tion of the last rib, and kept frozen at —-80 "C until protein extraction.
Homogenization was performed manually with a glass homoge-
nizer in lysis buffer containing 50 mM Tris-HCI (pH 7.6), 150 mM
NaCl, 1% (w/v) CHAPS, 1% (v/v) Triton X-100, 5mM NaF, 2 mM
activated Na3VO4 and a protease inhibitor cocktail [18]. Follow-
ing homogenization, samples were centrifuged for 20 min at 4 C
at 15000 x g to remove unextracted cellular components and high-
molecular weight protein complexes and insoluble proteins, and
soluble proteins were subjected to 2D-gel separation; the super-
natant was removed and stored at —80 “C until 2D-gel separation.
Protein concentrations were determined by the Bradford method
[19].

2.4. Sample preparation for bacterial proteomics

D. phosphitoxidans was grown in 11 cultures in the presence of
10 mM sodium phosphite or 10 mM sodium fumarate as electron
donors and 10 mM sodium sulfate as electron acceptor, and cells
were harvested in the late-exponential growth phase as previously
described [20]. Briefly, phosphite-induced cells were harvested
under anoxic atmosphere, washed with anoxic 10mM Tris-HCI
buffer (pH 7.2) and suspended in 3 ml soluble cytoplasmic extrac-
tion reagent containing 50 pl/ml of protease inhibitor cocktail
(Sigma, St. Louis, USA). Cell-free extracts were prepared anoxi-
cally by passing the cells 4-5 times dropwise through a chilled
French press cell. Unopened cells and cell debris were removed
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by centrifugation at 27000 x g (Beckman- Optima- TL Ultracen-
trifuge), and soluble and membrane protein fractions of proteins
obtained by ultracentrifugation at 57000 x g. Protein contents of
all preparations were determined spectrophotometrically using the
bicinchonicacid method (BCA protein assay; Pierce, Rockford, USA).
Soluble and membrane protein fractions were stored in 200 .l
aliquots for 2D-gel separations.

2.5. Proteolytic digestion

Spots were excised manually from the gels and subjected to in-
gel trypsin digestion according to Mortz et al. [8]. The excised gel
pieces were washed with water for 15 min, dehydrated for 30 min
at 25°C by addition of acetonitrile (ACN): water (3:2, v/v), and
dried in a Speed Vac centrifuge (30 min). Stained protein spots
were destained by addition of 50mM NH4HCO3 (15 min), dehy-
drated with 3/2 ACN/Milli-Q water, v/v (15min) and dried in a
Speed Vac centrifuge (30 min). No destaining steps were employed
for unstained protein spots. Freshly prepared trypsin solution
(12.5ng/pl trypsin in 50 mM NH4HCO3) was added and incubated
for 45 min at 4 “C, then for further 12 h at 37 °C. After removal of
supernatant, peptide extraction was performed at 25 "C with ace-
tonitrile: 0.1% trifluoroacetic acid (TFA) in water (3:2) (3 x 60 min).
Supernatant and elution fractions were combined and lyophilized
to dryness.

2.6. Mass spectrometry

MALDI-TOF mass spectrometric analysis was carried out with
a Bruker Biflex™ linear TOF (time of flight) mass spectrometer
(Bruker Daltonics, Bremen, Germany) equipped with a nitrogen
UV laser (337nm), a dual channel plate detector, a 26-sample
SCOUT source and video system, and XMASS data system for spectra
acquisition and instrument control. A saturated solution of «-
cyano-4-hydroxy-cinnamicacid (HCCA)in ACN/0.1% trifluoroacetic
acid in water (2:1 (v/v)) was used as the matrix. Aliquots of 0.8 .l
of the sample solution and saturated matrix solution were mixed
on the stainless steel MALDI target and allowed to dry. Acquisition
of spectra was carried out at an acceleration voltage of 20kV and a
detector voltage of 1.5 kV.

Digestion mixtures determined by MALDI-MS were directly
used for database search employing the MASCOT peptide mass fin-
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gerprinting (PMF) search engine (http://www.matrixscience.com),
employing search and acceptance criteria for protein identifi-
cation as follows: 0.5-1.2Da mass error tolerance; 2 missed
cleavage sites permitted; methionine oxidation as variable mod-
ification; carbamidomethyl (cysteine) as fixed modification. Other
Proteobacteria was used as taxonomy for the bacterial proteins
(277,231 sequences) and Mammalia as taxonomy for all other
investigated proteins (484,669 sequences), with a minimum num-
ber of three matched peptides. The database employed was NCBInr
20060712 (3,783,042 sequence entries, 1,304,471,729 residues), a
compilation of several databases including SWISS-PROT, PIR, PRF,
PDB and GenBank CDS translations.

3. Results and discussion

3.1. Protein detection by stain-free visualization using native
fluorescence

SDS-PAGE separations of several model proteins were initially
tested by comparison of Colloidal Coomassie, silver staining, and
stain-free detection using native fluorescence and fluorescence
upon fixation with halogenated derivatives. It has been previously
shown that the incorporation of halogenated compounds in poly-
acrylamide gels either prior to polymerization [11] or subsequent
to the electrophoretic separation [14], followed by UV illumination
provide fluorescent protein derivatives. However, our model stud-
ies showed that protein fixation using halogenated derivatives after
SDS-PAGE can be omitted, as illustrated by SDS-PAGE separations
of lysozyme and myoglobin without fixation (Fig. 2a), and with
fixation (30 min) in 12% trichloroacetic acid (TCA) (Fig. 2b). Upon
scanning with the gel bioanalyzer, protein bands were detected
with and without fixation, however bands with approximately
30-50% higher abundance were observed without protein fixation
for the model proteins studied (Fig. 2). A further increased abun-
dance was obtained by washing the gel band with water which
leads to reduced background fluorescence; however, a washing
step was found to cause decreased stability of the protein fluo-
rescence. We observed an increased stability (slower decrease) of
the fluorescence intensity in proteins within 48 h after fixation in
12% TCA (data not shown), which may be explained by a more sta-
ble fluorescence emission of UV-reaction products of tryptophane
with TCA [14].
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Fig. 2. Comparison of native fluorescence detection for 12% SDS-PAGE separation of 5 g hen eggwhile lysozyme (lane 1) and 5 g myoglobin (lane 2) with and without
fixation with trichloroacetic acid. For each gel a 5 1l aliquot of molecular weight marker (Fermentas; 10-200 kDa) was used (lane m). (a) No protein fixation was performed;

(b) proteins were fixed for 30 min with a 12% aqueous trichloroacetic acid solution.
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Fig. 3. MALDI-TOF mass spectrum of horse heart myoglobin (lane 2 in Fig. 2) identified after stain-free gel detection and in-gel digestion with trypsin.
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Fig. 4. Sensitivity of stain-free fluorescence detection and visualization in comparison with silver visualization. Protein samples, IgG (150 kDa heavy and light chain dimer)
and BSA (67 kDa) were separated in 7 lanes at 320-5 ng. Gel areas presented are zoomed regions from 12% SDS-PAGE separations. (a) Silver stained gels; (b) native fluorescence

gels.
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Fig. 5. Detection and localisation of protein spots in 2D-gels by native fluorescence using precise spot picking tools. Separation gels were prepared with protein extracts
from Desulfotignum phosphitoxidans (grown with phosphite/fumarate/sulfate; approximately 0.4 mg total protein were applied onto 17 cm IPG strips 5-8) [20]. Spot picking
tools were used to cut spots from unstained gels. (a) Unstained gel with native fluorescence detection. (b) 2D-gel stained with Coomassie, prepared in identical manner with
the bioanalyzer gel. (c) Zoomed area from gel a. (d) Zoomed area from gel b, (e) Region as in c, after excision of gel spots. (f) Gel area from (e) after Coomassie staining, The
numbers 2-5 denote the spots from the unstained gel with native fluorescence detection. Following excision of the spots the gel was stained with Coomassie, and numbers
2*,3% 4" and 5* denote the spots from the Coomassie-stained gel. Spots 3 and 4 from the native fluorescence gels were used for protein identification.
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The MALDI-mass spectrometric identification of the gel band of
myoglobin isolated from the gel presented in Fig. 2a (lane 2, with-
out fixation) is shown in Fig. 3 (see details of protein localisation
and isolation below). The band was excised and in-gel digested
with trypsin, and the digest mixture analysed by MALDI-TOF-
MS and used for database search employing the MASCOT peptide
mass fingerprinting (PMF) search engine. The database search pro-
vided unequivocal identification of myoglobin (Fig. 3). For the gel

scanned with the bioanalyzer, no destaining step was required,
which provided high-sensitivity and considerably lower sample
preparation time compared to staining procedures. For the 320 ng
protein band, identification was obtained with a score of 83 (64%
sequence coverage). Thus, these model studies clearly showed that
gel separation of proteins detected by native fluorescence with-
out a fixation step represents an efficient and sensitive approach
for mass spectrometric identification, provided sufficiently fast
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Fig. 6. MALDI-TOF mass spectrometric identification of NAD(P)-dependent epimerase/dehydratase from Desulfotignum phosphitoxidans. Spots 3 (Fig. 5¢) and 3* (Fig. 5d) were
excised from the native fluorescence gel and from the Coomassie-stained gel, digested with trypsin and analysed by MS. Masses of peptide ions for protein spots 3 (Fig. 6a)
and 3" (Fig. 6b) were compared with the calculated masses for fragment ions of the open reading frame obtained from genomic DNA amplification. Masses corresponding to
peptides A and B (see Table 1) which were previously found to be phosphorylated using metal ion affinity enrichment (IMAC) [20], are observed in Fig. 6a (peptide B) and b

(peptide A caring one oxidation).



mass spectrometric analysis of the gel separated proteins is
performed.

3.2. Detection sensitivity of proteins by stain-free native
florescence in comparison with staining procedures

The sensitivity of the stain-free native fluorescence detec-
tion with the gel bioanalyzer was evaluated in comparison with
standard staining procedures by Coomassie and silver visualiza-
tion. Corresponding gel separations of mixtures of the two model
proteins, immunoglobulin-G and bovine serum albumin at con-
centrations of 320-5 ng/band are compared in Fig. 4. These results
indicated comparable sensitivities for the UV fluorescence detec-
tion and silver staining (Fig. 4a and b) with detection limits of
approximately 1-5 ng for IgG, while the corresponding Coomassie-
stained gel band was not detectable at this concentration (data not
shown). The detection limit in the low nanogram range observed
is in good agreement with sensitivity data reported by Roegener et
al. [9].

3.3. Localisation of proteins in stain- free gel separations for mass
spectrometric proteome analysis

In order to evaluate the isolation and localisation of protein
bands using the stain-free detection, protein extracts from the
bacterium D. phosphitoxidans were separated and analysed by 2D-
gel electrophoresis. Corresponding 10% separation gels of bacterial
extract were prepared and visualized by native fluorescence and
Coomassie staining (Fig. 5a and b). Using the Bio-Rad PDQuest
software approximately 340 proteins were detected in the 2D-gel
with native fluorescence (Fig. 5a), while the detection of approxi-
mately 350 protein spots was estimated in the Coomassie-stained
gel (Fig. 5b), suggesting a comparable detection sensitivity with
native fluorescence and Coomassie staining by the number of pro-
tein spots. Since the fluorescence signal depends on the abundance
of aromatic amino acids in the protein, proteins with low abun-
dance in aromatic amino acid residues may not be visualized using
this method.

Proteins from D. phosphitoxidans, specifically induced in the
presence of phosphite have been identified in a previous study as
a NAD(P)-dependent epimerase/dehydratase (accession number of
gene, ABU54327) [20]. This protein from the bacterium with a cur-

Table 1

Protein identifications in proteome applications using native fluorescence for visual-
ization of gel separated proteins. Protein spots were excised from 2D-gels (unstained
gels used for native florescence) and in-gel digested with trypsin. Digest mixtures
were measured by MALDI-TOF-MS and the resulted masses were used for database
search employing MASCOT PMF search engine. For Desulfotignum phosphitoxidans
samples masses of peptide ions for each protein spot (spots 3, 4 from Fig. 5) were
compared with the calculated masses for fragment ions of the open reading frame
obtained from genomic DNA amplification. Spots 3 and 4 led to the identification of
the same protein but with different phosphorylation degrees. For spots 6 and 7 see
Fig. 7a.

Acc.no®  Phosohorylated Score Seq. cov.

peptide/PP

Spots Identified protein

3 NAD(P)-dependent ABU54327 Ad/1; B¢/4 - 98.7%
epimerase/dehydratase©

4 NAD(P)-dependent ABU54327 B¢[4 - 97.8%
epimerase/dehydratase®

6 Skeletal alpha-actin® P68137 - 92 702%

7 Creatine kinase M chainf Q5XLD3 - 78 90.1%

4 Accession numbers are from SWISS-PROT or TrEMBL database. For spots 3,4 and
3* 4* the accession number is from GeneBank database.

b Number of phosphorylations found.

¢ Desulfotignum phosphitoxidans.

d peptide A: 23LlEMGKDVILFDNNEQHNMXEEIQK47

¢ Peptide B: 9‘FKQEVE'_[_'VEVNV]GILNVLQ.‘\§LDIGVK‘‘3.

I Sus scrofa.
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rently unknown genome has been elucidated by a combination of
inverted-PCR based on N-terminal sequences providing possible
open reading frame candidates, and high resolution mass spectro-
metric identification of proteolytic peptide masses. Protein spots
corresponding to different phosphorylated isoforms were excised
from the gels for mass spectrometric analysis (spots 2-5; Fig. 5c;
spots 2%, 3% 4* 5% Fig. 5d). The correct localisation of the gel
spots on the native fluorescence gel was ascertained by excision
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Fig. 7. Protein identification after 2D-gel separation (12.5% SDS-PAGE) of a post-
mortem porcine muscle sample (1.5 mg total protein per gel). (a) Gel visualized by
native fluorescence. Spots 6 and 7 were excised and in-gel digested with trypsin. (b)
MALDI-TOF mass spectrum of the digestion mixture of spot 6 (labeled peaks corre-
spond to the identified peptides from porcine skeletal alpha-actin). (c) Identification
of spot 7, porcine creatine kinase M (with identified peptides labeled).
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of the protein spot, Coomassie staining and comparison with the
position of the Coomassie-stained spots (Fig. 5d-f). The mass spec-
trometric identification of spot 3 from the native fluorescence gel
as a penta-phosphorylated NAD(P)-epimerase/dehydratase [20] is
shown in Fig. 6a, in agreement with the phosphorylated protein
identified from the Coomassie-stained gel. Identifications of differ-
ent phosphorylated isoforms are illustrated in Table 1. The mass
spectrometric identification of these isoforms ascertained the pre-
cise and reproducible localisation of fluorescence-visualized gel
spots with the native fluorescence gel bioanalyzer. Fig. 6billustrates
the MALDI-TOF-MS identification of the same protein (NAD(P)-
dependent epimerase/dehydratase) from spot 3* excised from the
Coomassie-stained gel. A total of 21 tryptic peptide fragments were
found to be common for both MALDI-TOF spectra of spots 3 (Fig. 6a)
and 3* (Fig. 6b).

3.4. Application of stain-free gel separation to mass spectrometric
proteome analysis of porcine muscle tissue

Examples of mass spectrometric proteome analyses using the
stain-free gel bioanalyzer to porcine muscle skeleton proteins iso-
lated post-mortem are summarised in Fig. 7(a-c). The rate and
extent of post-mortem metabolic processes of skeleton muscle
proteins have recently found increasing interest, and it is gen-
erally believed that changes such as degradation and oxidation
post-mortem may influence the meat properties [21]; e.g., ten-
derization processes have been associated with calpains and their
inhibitors, calpastatins, and proteins involved in carbonylation may
be potentially useful oxidation biomarkers [22-24]. Following tryp-
tic digestion of isolated gel spots, the MALDI-MS analysis provided
the identification of two proteins, alpha-actin and creatine kinase
M, both of which showed modifications by oxidation (Table 1;
Fig. 7b and c) [25].

In applications to porcine muscle proteins, high sensitivities for
alpha-actin and creatine kinase M were observed using native flu-
orescence detection, which can be explained by the amino acid
compositions of these proteins with a high content of aromatic
residues. Sequences of alpha-actin and creatine kinase M are shown
in Figs. 1 and 2 of the Supplementary Material. Native fluorescence
emission of protein is mainly due to tryptophane residues, with
some contribution of tyrosine and phenylalanine (alpha-actin, 4
W; 16 Y; 12 F; creatine kinase M, 4 W; 10 Y; 16 F).

4. Conclusions

In this study we present stain-free detection and visualization of
proteins in gels using native fluorescence as an efficient and sensi-
tive approach for mass spectrometric proteome analysis. Using the
stain-free gel bioanalyzer enabled the detection and mass spectro-
metricidentification of proteins from gel spots at detection limits in
the low nanogram range, comparable to silver staining. Moreover,
this approach does not require any post-electrophoretic manipula-
tion by destaining and fixation, thus providing advantages for mass
spectrometric analysis by reduced background and time needed
for sample preparation. The use of fluorescence detection with 2D-
gel electrophoresis suggests that this technique can be developed
for automated, high-throughput technologies of proteome analy-
sis. Thus, the stain-free fluorescence visualization should be a useful
complement to staining techniques of gel electrophoresis for mass
spectrometric protein analysis.
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