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INTRODUCTION
Identification and characterization of low
abundance proteins separated by 2D gel
electrophoresis is complicated by two important
factors; the use of suitable staining techniques for
the visualization of the proteins on the gel and the
need for sample desalting and concentration before
analysis by mass spectrometry.

Current silver staining protocols only allow for short
development times which can lead to problems with
background staining and hence problems in
discerning lower abundance spots from the
background. Presented in this poster is a new silver
staining kit based on the method published by
Sinha and co-workers (ref 1) which reduces the
amount of sample handling and allows for
increased development times. This reduces the
amount of background staining while retaining the
excellent sensitivity and mass spectrometry
compatibility compared to current silver 
staining protocols. 

Once extracted, sample cleanup and pre-
concentration is often necessary before analysis by
mass spectrometry. Techniques such as microcolumn
cleanup involve intensive manual intervention and
the possibility of sample loss within the column
material itself. However, a new target technology
recently presented (ref 2) allows for on target
sample concentration and cleanup that reduces
sample losses and is particularly amenable to
automation. Here we show the use of this
technology in the identification of low abundance
silver stained gel spots not readily identifiable
using standard MALDI plate technology.

EXPERIMENTAL
1-D PAGE of BSA Samples

BSA samples were run in multiple 26-well precast
4-20% Criterion Tris-HCl gels. Samples were
prepared as serial dilutions starting with 2 ng of

total protein load and finishing with 62.5 pg.
Replicates of each sample were loaded in 3
adjacent wells in the gel.  Precision Plus, unstained,
protein standards were included at a 1 to 50
dilution. Following SDS-PAGE, one of the gels was
stained with the Silver Stain Plus kit and the other
gel was stained with the Dodeca Silver Stain kit in
the Dodeca Staining system following the kit
instruction protocols.

2-D PAGE of Mouse Liver Samples
Using passive rehydration, 80 µg per gel of mouse
liver tissue extracts were loaded into 24 cm, pH 5-
8 ReadyStrip IPG strips. Following focusing in the
PROTEAN IEF cell, the IPG strips were transferred
to large format pre-cast 12.5% PROTEAN Plus
Dodeca Cell gels. Precision Plus unstained
standards were applied using precast agarose
standard gel plugs.  Gels stained with the Dodeca
Silver Stain kit were stained using the large format
Dodeca Stainer system. In addition, 2 gels were
stained with two other commercially available silver
stain kits according to the manufacturers
instructions. Gels were imaged with a GS-800
Calibrated Densitometer.  

2-D PAGE of E.coli Samples
A sample of whole E.coli was separated using the
same procedure as that described for the mouse
liver samples above. 

Digestion / Cleanup

The samples were processed using the Waters®

Micromass® MassPREP™ Station liquid handling
robot. The control software of the MassPREP station
(Digest SPP 2.0 bis) allows destaining, reduction,
alkylation, digestion, extraction and spotting of the
samples onto a stainless steel target and the
Waters Micromass MassPREP PROtarget™ Plate.
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MassPrep PROtarget Plates

• Plate Conditioning

1 µL of acetonitrile leave for 30 seconds.
1 µL of 0.1% TFA (aq) leave for 
2 minutes.

• Sample Addition

Remove conditioning solution.
Add 6 µL of sample in 30% acetonitrile.
Allow sample to dry completely.

• Washing

Add 5 µL of 0.1% TFA (aq).
Wait 1 minute.
Remove wash solution.
Repeat 3 times.

• Matrix Addition

Add 1 µL of matrix solution (CHCA 0.5 
mg/mL in 90% acetonitrile / 0.1% 
TFA (aq)).
Allow matrix to dry completely.

Standard Target Spotting
Samples were mixed 1:1 with the matrix (CHCA
2.5 mg/mL in 50% acetonitrile / 0.1% TFA (aq))
and 1 µL of the resulting mixture was spotted onto
a standard MALDI target plate.

Mass Spectrometry

All data were acquired in positive ion mode on a
Waters Micromass MALDI micro™ Mass
Spectrometer. The mass spectra were collected in
an automated fashion over the mass range 800 -
3000 Da in reflectron mode. The instrument was
calibrated using selected peptides from a tryptic
digest of alcohol dehydrogenase. 

Data Processing

All data were processed and database searched
using ProteinLynx™ Global SERVER Software 2.0.

During the data processing step, a near-point
lockmass was applied, (Glu1)-Fibrinopeptide B.
The mass spectra were smoothed, background
subtracted and monoisotopic peaks were identified
through the use of the MaxEntLite™ algorithm. Data
were converted to XML format and searched
against the Swiss-Prot database v40.

RESULTS
1-D PAGE of BSA Samples

Detection sensitivity of the Dodeca Silver Stain kit
was compared to the results achieved with the Bio-
Rad Silver Stain Plus kit using serial dilutions of a
BSA standard protein (Figure 1). Both silver stain
protocols provided similar sensitivities with the
detection of 0.25 ng of BSA protein in the gels.
The Silver Stain Plus kit is a more rapid staining
procedure, however the speed of the reaction
prevents it from being used in the Dodeca Staining
system. The Dodeca Silver Stain is completely
compatible with the integrated Dodeca Staining
system, which is designed to minimize handling of
gels during staining, and produced gels with both
excellent staining sensitivity and a reduced amount
of background staining.
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Figure 1. BSA dilution series on Dodeca Silver
Stained gel (top) and Silver Stain Plus stained gel.

The Dodeca Silver Stain retains the MS
compatibility of the Silver Stain Plus protocol.
Figure 2 shows comparison spectra from c.a. 
40 ng of BSA loaded onto a 1D gel and stained
with Bio-Rad Silver Stain Plus and Bio-Rad Dodeca
Silver Stain. Both result in peptide coverage of c.a.
30% using peptide mass fingerprinting.

Figure 2. MALDI mass spectra of 40 ng BSA on
gel stained with Silver Stain Plus (top) and Dodeca
Silver Stain.

2-D PAGE of Mouse Liver Samples
In comparing the detection results of the three
silver stain kits, all showed similar detection
sensitivities for the mouse liver samples as is seen
in images in Figure 3.  
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Figure 3. Comparison of the detection results of
the Dodeca Silver Stain kit (1) and two
commercially available silver stain kits (2, 3).

Sample Cleanup / Concentration

Figure 4 shows a comparison of the MALDI
spectrum obtained from spot cut from the E.coli 2D
gel. No reliable hit was returned from the
spectrum from the standard MALDI target plate.
The spectrum from the MassPREP PROtarget shows
improved signal to noise for peptides across the
mass range and returned a confident hit from the
database search.  

Figure 4. Comparison of mass spectra obtained
from a MassPREP PROtarget (top) and standard
MALDI target from a spot cut from the E.coli 
2D gel

CONCLUSION
• The Dodeca Silver Stain kit reduces

background gel staining, which allows protein
spots to be readily discerned while retaining
the sensitivity and MS compatibility of current
silver staining protocols.

• MassPREP PROtargets allow concentration and
cleanup of samples on target - enabling the
identification of weaker samples not identifiable
using standard MALDI target plates.
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