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For MS analysis, sample fractionation
and buffer exchange are key.

The identification of proteins and their modifications using
MS is key to unlocking the mysteries of the genome, and
whereas it is relatively straightforward to analyze abun-

dant proteins such as albumin, it can be significantly more diffi-
cult to study proteins that exist only in atto- or zeptomole amounts
(10–18 and 10–21 moles, respectively). For these studies, careful
sample preparation with minimal loss of material is particularly
important.

Selective Isolation
In studies of complex mixtures, the analyte of interest often occurs
at the lowest relative concentrations—it may be 106-fold less
abundant than the predominant molecule. Thus, researchers
might need to prefractionate a sample to remove some of the
“noisiest contaminants”. A perfect example of this problem occurs
with the analysis of metabolites found in blood samples, where
the two main contaminants are serum albumin and immunoglob-
ulins such as IgG. In fact, these two constituents alone can account
for 75% of the total protein in serum.

Recently, Daniel Chan and colleagues at Johns Hopkins
Medical Institutions and Johns Hopkins Singapore developed a
simple affinity spin tube method for the removal of albumin
and IgG for the selective enrichment of low-abundance analytes
(1). The researchers packed a simple SpinX microcentrifuge tube
with protein G beads that selectively bind IgG and, when combined
with antihuman serum albumin antibodies, bind albumin and
IgG simultaneously. They then loaded serum samples into the
tubes and after a brief centrifugation, loaded the filtrates onto
2-D electrophoretic gels. The researchers found that up to 88%
of the total serum albumin was depleted from the samples and
that they could detect about 500 spots per gel.

The team then modified their approach by
treating the resin beads with antibodies directed
against a putative cancer biomarker, which they were
otherwise unable to detect in crude serum from breast
cancer patients. Using the spin tube method, they bound
the biomarker to the beads, separating it from the remain-
ing serum solution. They then eluted the protein from the resin
and ran the extract on a gel, clearly identifying several isoforms
of the marker. For those who are less inclined to invent their own
spin tube systems, however, companies like Amersham Biosciences
are quick to offer a variety of albumin and IgG removal kits.

In a similar experiment, researchers at Pierce Biotechnology
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and Agilent Technologies
recently used the SwellGel

Blue Albumin Removal Kit to
study human serum samples on the

microfluidic Agilent 2100 Bioanalyzer (2). Over
a 45-min period, they were able to combine and

analyze 10 different serum samples with SwellGel,
showing a dramatic increase in both the number of

proteins detectable and their relative abundance
within the sample. For example, one protein

band represented 38% of the total protein
before albumin depletion, but this level increased

to 58% after albumin removal.
And of course, albumin and IgG are not the only proteins

or protein systems that researchers might want to avoid in
their exploration of analytes, and several companies offer kits and
methods for the selective fractionation of cells to look for
membrane, nuclear, or cytoplasmic constituents or the depletion
of other proteins such as haptoglobin or transferrin.

Likewise, companies such as Qiagen provide a variety of affin-

ity resins to selectively enrich proteins on the basis of their preferred
ligand or the chemistry of their post-translational modifica-
tions. For example, several groups have used variations on immo-
bilized metal-affinity chromatography to isolate proteins and
peptides that have been phosphorylated at serine, threonine, or
tyrosine residues. And as was shown with the work of Chan and
colleagues, when researchers have a specific target in mind, they
can use bead-bound antibodies to pull the target—whether protein
or small molecule—from solution.

A Tip to Sample Prep
Another problem for the preparation of samples for analysis by
MS is the presence of various salts, such as urea or sodium sulfate,
and surfactants, such as sodium dodecyl sulfate (SDS) and CHAPS,
which are necessary to extract and purify analytes from the
starting material. Although MALDI analysis allows for some flex-
ibility with the types of reagents that remain with the isolated
analyte—much more so than electrospray ionization (ESI)
techniques—the resulting mass spectra are usually better in the
absence of many of these components.

Several options are available to researchers trying to elimi-
nate salts or exchange buffers in their samples, ranging from
spin columns to micro volume dialysis chambers using molecular-
weight cutoff membranes, such as those provided by H arvard
Apparatus. Another category of sample preparation methods
involves solid-phase extraction (SPE), an area that has seen
rapid development in the past few years.

At the 2003 meeting of the American Society for Mass Spec-
trometry in Montreal, researchers from Advion Biosciences intro-
duced the E-Tip Sample Cleanup Option for use with their ESI
MS platform. Based on the ZipTip technology developed by
Millipore, which offers a variety of resin types including C18,
cation exchange, and metal chelate, the E-Tip allows users to
rapidly desalt, purify, and concentrate microliter-scale biological
samples. In a variation on the ZipTip idea and with high through-



put in mind, Millipore introduced the ZipPlate, a 96-well plate
containing 300 nL of immobilized C18 resin in each well.
Using this device, researchers at Proteome Systems and Milli-
pore digested proteins that were held in slices of polyacrylamide
gel and bound the resulting peptides to the resin (3). After elut-
ing the peptides into a collection plate, they analyzed the samples
by MALDI MS and found good peak resolution. 

Detergents or Deterrents?
SDS is a common sample preparation reagent used to facilitate
the dissolution of insoluble peptides, to prevent the adsorption
of hydrophobic peptides to container surfaces, and as a denatu-
rant in gel electrophoresis separations. Unfortunately, the
surfactant interferes greatly with ion formation in MS analysis,
accounting for a great number of sodium adducts that can compli-
cate a mass spectrum and skew the resulting peptide peak to high-
er masses. And unlike other sodium sources such as NaCl, SDS
is not easily washed away from sample–matrix cocrystals on a
MALDI sample plate. To solve this problem, researchers have
developed various methods to remove SDS before MS analysis,
using techniques such as electroelution, solvent extraction, and
protein precipitation, but each of these methods introduces anoth-
er step at which precious sample can be lost.

A better solution would be to come up with a functional alter-
native to the use of SDS. With the knowledge that the surfac-
tant behavior of SDS is due to the dodecyl sulfate moiety, researchers
at the University of Alberta decided to see whether the sodium
ion could be replaced with ammonium (ADS), Tris (TDS), or a
proton (HDS, 4 ). 

The researchers performed MALDI analysis of protein mixtures
in the presence of each of the four surfactants and found that
whereas SDS generated several sodium adduct peaks for many
of the proteins, the ADS samples presented fewer equivalent
ammonium peaks, resulting in spectra that more closely paral-
leled those of samples without any surfactant (Figure 1). HDS

tended to reduce the MALDI signal of some of the proteins, while
TDS worked well for some proteins but generated extensive Tris
adducts for others.

The researchers then examined whether ADS had any effect
on standard gel electrophoresis with an SDS buffer or if the SDS
could be replaced outright by ADS. Although ADS did not alter
the behavior of the proteins in SDS gels, there were problems asso-
ciated with its use as the sole denaturant in gels, with higher
background staining by both Coomassie blue and silver.

Another problem with the standard denaturants and surfac-
tants is that they can greatly interfere with the proteolytic diges-
tion of proteins that is often required for MS analysis. At the
same time that the compounds are partially denaturing the target
proteins, allowing proteases to cleave now-available sites, the
surfactants are doing the same thing to the proteases themselves,
limiting their effectiveness. 

To address this issue, researchers at Waters Corp. recently
explored the use of an acid-labile surfactant (ALS) as a replace-
ment for SDS and urea, examining its effect on various proteas-
es (5 ). Structurally similar to SDS in that it has an ionic group
(sulfonate) and an alkyl chain (undecyl), ALS was found to be
quite effective at solubilizing proteins and did not inhibit protease
activity for long periods (overnight) even at high concentrations
(0.5–1%), as compared with a near-total inactivation of the enzyme
in the presence of 0.1% SDS for 15–30 min.

To terminate the proteolytic reaction, researchers typically
add a strong acid to the reaction mixture. This step also works to
degrade the ALS into two byproducts, one of which is insoluble
and can be removed from the sample by centrifugation. The Waters
researchers found, however, that whether acid-hydrolyzed or not,
ALS does not interfere with MALDI MS analysis and that the
soluble byproduct of hydrolysis does not interefere with ESI MS
analysis. They also determined that ALS was as effective as urea
in solubilizing highly hydrophobic or integral membrane proteins,
but again without the need for removal before MS analysis.
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Figure 1. MALDI spectra of four proteins with (A) no surfactant, (B) 0.5% SDS, (C) 0.5% ADS, (D) 0.5% TDS, and (E) 0.5% HDS. (Adapted with permission from Ref. 4.)



Thus, the number of options is rapidly expanding for researchers
looking to extract and prepare samples for MS analysis. 

Nanoscale Preparations
As analytical technologies have
developed, there has been a signif-
icant move to miniaturization
and the analysis of minimally
invasive samples. This practice
has allowed researchers to study
time courses within individual
specimens, minimizing the effects
of some of the variables associ-
ated with sampling. For this
reason, much effort has been
expended on the development of
microfluidic technologies that
will minimize surface contact and
the potential for the absorption
of sample molecules.

For example, Tomas Bergman
and colleagues at the Karolinska
Institute combined microflu-
idics and electrophoresis to devel-
op a microchamber that was
capable of desalting, purifying,
and concentrating protein and
peptide samples (6 ). The
researchers covered two holes in
a section of PEEK tubing with
conductive cation-selective membranes, placing each junction into
a separate electrode chamber. They then filled the tubing with a
washing solution using a syringe pump, and as they turned on the
electrophoretic current, they injected small samples of proteins or
peptides. Running in a pH 2.5 buffer, the sample molecules were
positively charged and moved against the hydrodynamic flow of the
buffer to the upstream cathode junction. After they passed more
washing solution through the sample to remove salts and detergents,
the researchers briefly reversed the current to free the sample from
the membranes, turned the current off, and allowed the sample to
migrate onto a MALDI target, where it mixed with matrix.

Using this system with a variety of test protein and peptide
mixtures, the researchers achieved about a 10-fold sample concen-
tration and significantly reduced the number of sodium adducts
found in the mass spectra as compared to either crude samples
or those subjected to SPE using a reversed-phase resin. Similar-
ly, unlike the SPE method, the electrophoretic system was able
to remove CHAPS detergent, significantly improving the result-
ing MALDI spectra. The one drawback of this system, howev-
er, is that throughput is low, and many researchers need to analyze
dozens or hundreds of samples quickly.

In response to this challenge, Bergman and colleagues at Gyros
AB and the Karolinska Institute recently modified the company’s
CD-based microfluidic separation system to incorporate steps for
sample concentration, desalting, elution, and crystallization for
MALDI analysis (7). Each CD contains 96 reversed-phase chro-
matography microcolumns for parallel sample concentration and
desalting (Figure 2). The researchers added tryptic protein digests to

the sample inlet, and by spinning the disc, passed the solution through
the column such that the peptides were retained and salts and
buffer sent to waste. They then eluted the peptides in a solution-
containing matrix, transporting the solution to the MALDI target

at a speed that is compatible with solvent
evaporation and sample crystallization.

The researchers tested their CD
system against the more traditional
dried-droplet method of MALDI
sample preparation by examining the
peptides that result from a tryptic digest
of bovine serum albumin (BSA). They
found that the CD method resulted in
the detection of 10 more peptide peaks
than the standard method, and even
though the protein identification
program listed BSA as the prime candi-
date for both data sets, the CD method
provided a higher score. Similarly, the
researchers analyzed 48 protein spots
on a 2-D gel of a cellular extract and
were able to identify 94% of the spots
using the CD system, as compared to
only 50% using the traditional method.

They then tested the sensitivity of
the CD system by examining in-solu-
tion digests of BSA that contained differ-
ent amounts of protein. At the 400- and
200-amol levels, the researchers were
able to clearly identify BSA on the basis

of its peptide pattern, whereas the results were less certain at the
50-amol level. As well, by running 1-fmol samples in several cham-
bers on the same or different discs, they were able to show that
the system exhibited high inter- and intradisc reproducibility. Given
these results, the researchers believe that the CD system enables
high-throughput analysis with femtomole to attomole sensitivity.

Prepare Yourself
Given all of these advantages, it is no wonder that the frontiers
of MS analysis are being pushed farther with each passing
year. When coupled with the technical achievements in MS
methodology, these new sample preparation techniques will
go a long way toward addressing questions once believed to be
unthinkable.
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Figure 2. Using a microfluidic system built into a rotating disc, re-
searchers can (A) load samples onto a 10-nL column, (B) elute analytes,
and (C) cocrystallize them with matrix for MALDI MS analysis. (Adapted
with permission from Ref. 7.)


