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Introduction

Although 1D & 2D PAGE remain prominent techniques of protein separation & analysis; liquid 
chromatography (LC) methods are being employed with increasing frequency.  Relative advantages in 
speed, amenability to automation and the ability to avoid gel-specific problems mean that LC-based 
separations are likely to continue growing in popularity.

One such approach utilizes LC column separation to fractionate proteins based upon their electrostatic 
charge and/or according to their hydrophobicity. Another method employs pre-packed pipette tips or 
columns for crude separations, a gel packed column to separate according to size and/or an ion exchange 
column for charge-based separations.

These and other new methods demonstrate the need for new procedures to automate digestion of protein 
samples in liquid phase, as well as in gel plugs.  Some studies have suggested that in order to identify the 
maximum number of proteins in any given sample, both LC & electrophoresis approaches should be used in 
combination.

In this brief note we present a method for liquid phase digestion (In-Solution Digestion) which will illustrate 
how the automation benefits previously available for use with gel plug samples may now also be 
successfully applied to proteins in solution.

Materials & Methods:

Sample Preparation & Concentration
Bovine Serum Albumin (BSA) solutions were prepared from a vial of 2mg/ml Albumin Standard available 
from Pierce. The concentrations used for reaction were 1.0 pmol, 750 fmol & 500 fmol of BSA in 20 µL of final 
volume.

Genomic Solutions ProGest Blue Microtiter Plates (Part #: PRO10005 )
Genomic Solutions ProGest Trypsin Digestion Kit (Part#:0080-0210)

Hardware
Investigator ProGest sample digestion workstation (Digilab Inc.), equipped with software version 2.01.15
was used to carry out the liquid phase digestion. (Figure 1)

Mass spectrometric Analysis was performed on an ABI DE-STR Voyager (Applied Biosystems Inc.)

Software
Methods' Editor v1.1.0.29 was used to create & modify the method used on the ProGest. (Figure 2)
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Figure 1:  Investigator ProGest sample digestion robot

Materials & Methods (con't):

ProFound, a part of the Knexus suite (Digilab Inc.) was used for protein identification. Other components
of the Knexus package were used for spectra analysis, data visualization and analysis.

Method for Liquid Phase Digestion
This method was adapted from one normally used with the ProPrep II sample preparation station. Listed 
below are the main steps of the Liquid Phase digestion protocol:

1) Denature the protein (20 µL in aqueous solution) in a blue plate with 20 µL of acetonitrile for 20 minutes.

 After addition of acetonitrile, each sample well should hold 50% acetonitrile.

2) Reduce the denatured protein with 20 µL of 10 mM Dithiothreitol (DTT) for 20 minutes at 55 C.

3) Alkylate the sulfhydryls with 20 µL of 50 mM Iodoacetamide for 20 minutes.

4) Trypsin Activation: The concentration of the trypsin stock solution in 0.1% formic acid is 20 µg/ 200 µL

 (0.1 µg/µL). The stock solution is diluted with 25 mM ammonium bicarbonate to produce the 8.0 ng/µL  

 (working solution). Addition of the ammonium bicarbonate also raises the pH from < 2.0 to approximately  

 pH = 8.5.

5) Add 20 µL of trypsin (working solution) to samples.

6) Add 20 µL of 25 mM ammonium bicarbonate.

7) Incubate for 4 hours at 37 C.

Figure 2:  Methods' Editor, a program to create and amend 
methods for the ProGest & the ProMS
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Materials & Methods (con't):

Spotting

Add 0.3% formic acid to acidify the peptide solution. Elute the samples with matrix solution onto a Voyager 
mass spectrometer (ABI 100). A saturated matrix solution (10 mg/mL) was diluted 1:2 to prepare the elution 
solution. The samples were allowed to dry on the target plate of the MALDI target. From each sample a 
MALDI-TOF mass spectrum was recorded. 

Results:

Three concentrations of BSA were digested in a total of 20 µL volume for each sample. For all concentrations, 
the peptide coverage ranged between 25%-35%. The low peptide coverage is attributed to non-detected 
peptides with masses less than 750 Da. which is the cutoff for detection of the mass spectrometer. Theoretical 
digestion with PAWS (Protein Analysis Work Sheet) shows a number of peptides with masses in the range of 
150-750 Da. These small peptides are not accounted for when the value of peptide coverage is calculated. 
(See Appendix 1)

The expectation values for the proteins identified with Profound were below 10-5, which indicates that these 
results were valid and not generated from random hits. (See Appendix 1)

For the sample with 500 fmol of BSA (See Figure 3), the searches with ProFound yielded BSA or BSA 
precursor. The peaks were strong and isotopically resolved.

Figure 3:  MS spectrum of spot 23 (500 fmol)
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Results (con't):

The amount of trypsin used was sufficient to perform the digestion. In this case, however, a higher 
concentration of trypsin would have been more helpful. Increasing the amount of trypsin used would have 
increased the ratio of trypsin to BSA resulting in more intense, consistent autolysis peaks for use as internal 
standards.

Conclusions:

The results demonstrate that the Investigator ProGest is well suited to automating liquid phase digestion. 
Furthermore, the adaptability of the ProPrep makes it easy to alter any of the existing protocols. This added 
flexibility allows the freedom to vary the amount of any reagent to yield better results.

Appendix 1 

Snapshots of reports generated for sample 2 using PAWS and Knexus

Knexus is a software suite designed for analysis & manipulation of mass spectral data. Knexus is comprised 
of 4 software programs:

Enterprise M/Z is used for peak detection & analysis. It has a novel signal-to-noise based peak finding 
routines that allow it to be applied to strong or weak signals, without user intervention.
Profound is a search engine for searching protein sequence databases using information from mass spectral 
peptide maps.
Sonar MS/MS is a software tool for identifying proteins from MS/MS data. It contains quality control 
scoring and a brand new graphic delivery for MS/MS data.
PAWS (Protein Analysis Work Sheet) has numerous tools to improve analysis of acquired mass spectral 
data. Theoretical calculations can be used to identify cleavage of target proteins with various proteases and 
chemistries to obtain a better understanding of the resulting peptides. Also, searches can be conducted to 
identify possible peptide sequences that would correspond to unmatched spectral peptide peaks. 

In conjunction with Enterprise M/Z, PAWS can be used to prepare graphics (see Figures 1-3) to associate 
actual data with theoretical calculations. PAWS also generates reports that detail the results of searches 
conducted via Profound and/or Sonar (Figures 4-7). These reports and graphics allow researchers to present 
their experimental conclusions with greater clarity.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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