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Overview

• The use of a hydrophobic surface for the
isolation of peptides from solutions prior to
nanospray-MS analysis was investigated. 

• The peptide isolation method is simple, robust
and can be performed in a manual or automated
fashion.  

• The surface was effective in the isolation of
peptide solutions containing 1M TRIS, 0.1% SDS
and 2M urea. 

• Protein sequence coverage from a trypsin BSA
digest (667 fmol) following treatment with the
hydrophobic surface was 55% using static
nanospray-MS

• The surface was also effective in the isolation of
peptides generated from in-gel digests from gels
stained with either Silver, Coomassie or Sypro
Ruby™ stains.

Introduction

Nanospray-MS is routinely used in identification of
biologically significant proteins from proteolytic
digests. Sample preparation is a critical step in
these analyses since high concentrations of buffers,
salts, detergents and other contaminants can
suppress ionization of peptides and proteins, and
may cause the nanospray emitter to plug. 

Current technologies employ pipette tips or micro
columns packed with reversed-phase material for
the purpose of sample purification and
concentration prior to nano-ESI-MS analysis. The
use of these techniques, however, is not without
problems, for example; ionic detergents such as
SDS can bind and concentrate with analyte
peptides during the purification procedure resulting
in loss of sensitivity. Poor sample recovery and
column robustness are also potential
disadvantages.

In this study we present results demonstrating a
novel sample preparation method for static
nanospray-MS. This approach utilizes a
hydrophobic surface designed to allow both the
pre-concentration of peptides and removal of
contaminants. The surface also facilitates
manipulation of low sample volumes without
significant sample loss and the process is readily
automated.

Methods

Samples: A bovine serum albumin (BSA) digest
standard was utilized for testing peptide
purification protocols.

1D and 2D-Gels: A mixture of BSA, enolase,
lysozyme and myoglobin (2 pmol of each protein)
was separated using linear 15% SDS-PAGE gels.
Gels were stained with either Coomassie, Silver or
Sypro Ruby protein stains. Yeast cytosolic proteins
(3.24 mg) were separated on linear 3-10 pI,15%
2D-gels and stained with Coomassie. Protein bands
and spots were excised from the gels and digested
with a Waters® MassPREP™ robotic workstation using
the standard in-gel digestion protocol.

Peptide Purification and On-Plate digest methods:
The peptide purification and on-plate digest
methods used are outlined in Figure 1. The steps
shown in Figure 1 were also incorporated into a
MassPREP Station program for automation.

Sample Purification Surface: A prototype Sample
Purification Surface (SPS) manufactured from
polypropylene is shown in Figure 2. 

Mass Spectrometry: Nanospray-MS was acquired
on both a Waters Micromass® Q-Tof II™ and a Q-Tof
micro™. DDA MS/MS experimental conditions used
were those recommended for peptide LC/MS/MS. 
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Results

Initial evaluation of the SPS was undertaken by
examining the protein sequence coverage of a
tryptic digest of BSA following treatment using the
peptide purification method shown in Figure 3.
The direct nanospray-MS of the same BSA digest
showed 60% protein sequence coverage.
Following treatment with the SPS the protein
sequence coverage was found to be 55%. 

The ability of the prototype SPS to purify peptides
from solutions containing contaminants was also
investigated. The contaminants tested included 2M
Urea, 0.1% SDS and 1M TRIS. SPS treatment of
these solutions resulted in effective isolation of
peptides on the plate surface and removal of
contaminating peaks from the mass spectra as
shown in Figure 4. 

Protein stains commonly used for detection of
proteins in gels can cause ion suppression if not
removed from the digest mixture prior to MS
analysis. The effectiveness of the SPS in the
analysis of in-gel digested protein from 1D-gels
initially stained with either Coomassie, Sypro Ruby
or silver stain showed that SPS treatment was able
to effectively isolate peptides from these different
gels (Figure 5). SPS treatment also enhanced the
ability to detect multiply-charged peptide precursor
ions during automated DDA MS/MS experiments.
As a result, high quality MS/MS spectra resulted in
the ability to identify the proteins from 2D-gel spots
with greater confidence as shown in Figure 6.

The analysis of peptides from 2D-gel spots following
in-gel digestion is also possible. A representative
nanospray-MS, obtained from a 2D-gel of yeast
cytsolic proteins, following in-gel digestion and SPS
treatment is shown in Figure 7. SPS treatment of the
digest mixture allowed the purification of peptides
peaks, making DDA MS/MS analysis of the
indicated peaks possible. As a result the protein
was identified as glyceraldyhyde 3-phosphate
dehyrogenase in the database.

In addition to the purification of peptides, the
prototype SPS is also able to isolate proteins from
solution including those containing contaminants.
Following purification of the immobilized protein,
in situ enzymatic digestion of this protein can be
performed. Figure 8 shows the results of this
approach using BSA. Protein isolation, digestion
and peptide clean-up steps were performed on
one surface. The resulting protein sequence
coverage determined by nanospray-MS was 53%,
which is similar to a standard BSA following SPS
treatment (Fig. 3). 
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Dry sample at 40Dry sample at 40 ººCC

Deposit 1-10uL of sample in 30% Deposit 1-10µL of sample in 30% acetonitrileacetonitrile  + +
0.1% formic acid on well0.1% formic acid on well

Wash sample withWash sample with
0.1% formic acid0.1% formic acid

Elute peptides with 2-3uL ofElute peptides with 2-3µL of
70% 70% acetonitrileacetonitrile  + 5% formic acid + 5% formic acid

Transfer 2-3Transfer 2-3 µµ L of sample toL of sample to
the the nanospraynanospray  emitter emitter

Acquire MS and MS/MS dataAcquire MS and MS/MS data

Wash sample withWash sample with
0.1% formic acid0.1% formic acid

Reduce and Reduce and AlkylateAlkylate

Digest with Digest with TrypsinTrypsin

Pept ide
Puri f icat ion

Method

On-plate Digest
Me thod

Figure 1: Outline of the SPS protocol for peptide
purification and on-plate digestion.

Cooled PCR plate
containing
samples to be
treated

SPP heating stage
(program control led)

Acetoni t r i le SPP

Solvent
Station

Figure 2: Diagram of the layout of the
components for the automated SPS cleanup
protocol showing a prototype sample preparation
surface (a) and SPS heater (b).

Figure 3: Nanospray-MS of 667 fmole of BSA
digest following treatment with the SPS. BSA
peaks are denoted with a red arrow and the
sequence coverage of BSA is shown inset.

1 MKWVTFISLL LLFSSAYSRG VFRRDTHKSE IAHRFKDLGE E HFKG LVLIA 

51 FSQYLQQCPF DEHVKLVNEL TEFAKTCVAD ESHAGCEKSL HTLFGDELC K 
101 VASLRETYGD MADCCEKQEP ERNECFLSHK DDSPDLPKLK PDPNTLC DEF 
151 KADEKKFWGK YLYE IARRHP YFYAPELLYY ANKYNGVFQE CCQAEDKGAC 
201 LLPKIE TMRE  KVLTSSARQR LRCASIQKFG ERALKAWSVA RLSQKFPKAE 
251 FVEVTKLVTD LTKVHKECCH GDLLECADDR ADLAKYIC DN Q DTISSKLKE  
301 C C DKPLLEKS HC IAEVEKDA IPE NLPPLTA DFAEDKDVCK NYQEAKDAFL 
351 GSFLYEYSRR HPEYAVSVLL RLAKEYEATL EECCAKDDPH AC YSTVFDKL 
401 KHLVDEPQNL IKQNCDQFEK LGEYGFQNAL IVRYTRKVPQ VSTPTLVE VS 
451 RSLGKVGTRC C TKPESERMP C TE DYLSLIL NRLC VLHEKT PVSEKVTKC C  

501 TESLVNRRPC  FSALTPDETY VPKAFDEKLF TFHADIC TLP DTEKQIKKQT 
551 ALVELLKHKP KATEEQLKTV MENFVAFVDK CCAADDKEAC FAVEGPKLVV 
601 STQTALA     

(a)

(b)
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Figure 5: 1D-gels denoting enolase (2 pmol
loaded) stained with: A. silver stain; C. Sypro
Ruby; and D. Coomassie. The nanospray-MS of
the in-gel digested peptides following SPS
treatment are shown in B, D & F. 

B.  Nanospray -MS of in-gel
digested enolase  following
SPS treatment

Silver
Stain

A.  Silver Stained 1D-gel

D.  Nanospray-MS of in-gel
digested enolase following SPS
treatment

Sypro
Ruby

C.  Sypro Ruby ®  Stained 1D- gel

F.  Nanospray -MS of in-gel digested
enolase  following SPS treatment

Coomassie

Coomassie

E.  Coomassie  Stained 1D-gel

Figure 4: NanoSpray MS of a tryptic digest of
BSA with 2M urea, 0.1% SDS or 1M TRIS. A, C,
E nanospray-MS prior to SPS treatment; B, D, F
nanospray-MS following SPS treatment.

2M Urea

B.  After SPS treatment

0.1% SDS

0.1% SDS

D.  After SPS treatment

1M TRIS

1M TRIS

F.  After SPS treatment

A.  Before SPS treatment

C.  Before SPS treatment

E.  Before SPS treatment
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Figure 8: Nanospray of 3 pmol of on-plate digest
BSA following extraction of peptides from the SPS.
BSA peaks are denoted with a blue arrow and the
sequence coverage of BSA is shown inset.
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301 C C DKPLLEKS HC IAEVEKDA IPE NLPPLTA DFAEDKDVCK NYQEAKDAFL 
351 GSFLYEYSRR HPEYAVSVLL RLAKEYEATL EECCAKDDPH AC YSTVFDKL 
401 KHLVDEPQNL IKQNCDQFEK LGEYGFQNAL IVRYTRKVPQ VSTPTLVE VS 
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Figure 7

C.  In-gel digested spot following SPs treatment

A.  2D-gel of yeast cytosol protein

33 1010

pIpI

Figure 7: Nanospray-MS analysis of a yeast
cytosol 2D-gel spot following in-gel digestion. A.
Coomassie stained 2D-gel of yeast cytosol
protein. The circled gel spot was chosen for in-gel
digestion. B. Nanospray-MS of in-gel digested
spot prior to SPS treatment. C. Nanospray-MS of
in-gel digested spot following SPS treatment.

B.  In-gel digested spot before SPS treatment

Figure 6: ProteinLynx™ Global SERVER 2.0 search
results from the Nanospray DDA analysis of in-gel
digested enolase (Coomassie stained) following
cleanup with the SPS protocol. 

Conclusions

• The SPS is a robust and easy-to-use device that
is very effective for off-line cleanup and pre-
concentration of peptides from samples
containing  salts, chaotropes and detergents. 

• It is effective for the cleanup of peptides from in-
gel digests from gels stained with Coomassie,
Sypro Ruby or silver stains.

• The SPS is also able to capture proteins from
solution, allowing on-surface digestion with
good sequence coverage.


