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Protein Prefractionation
Proteomic analysis is often applied to samples 
that have undergone prior fractionation 
(prefractionation), and the reasons for this are 
varied. In cases where only a defined subset of 
the proteome is under study, prefractionation can 
increase the chances of meaningful discovery by 
removing proteins not likely to be of interest from 
the sample. For example, in studies of 
mitochondrial processes, it is sensible to perform 
the proteomic analysis on a subcellular fraction 
enriched in mitochondria. In other cases, specific 
proteins of interest may be enriched through 
fractionation and analyzed by 2-D electrophoresis 
in the absence of potentially interfering proteins. 
Prefractionation can also be used to separate a 
sample into multiple fractions of lower complexity 
that can then be analyzed separately; this can 
enable identification of lower-abundance proteins 
that might otherwise be undetectable in the 
unfractionated sample. 
 
Prefractionation increases the depth of proteome 
analysis, but it does so at the expense of a 
greater workload and reduced throughput. Try to 
use a fractionation method that generates 
minimal protein overlap between fractions. 
 
Proteins can be fractionated by a number of 
different techniques. The choice of method 
depends on the sample, experimental goals, and 
available instrumentation: 
 

 Chemical and centrifugal methods — 
use of selective precipitation or selective 
extraction or centrifugation steps to separate 
proteins or partition different subcellular 
compartments. In many instances, protein 
extraction protocols can incorporate fractionation 
steps through the selective use of certain 
chemical reagents  
 

 Electrophoretic methods — 

application of liquid-phase IEF or preparative 
SDS-PAGE with the goal of protein enrichment. 
Though neither of these techniques is orthogonal 
to either of the two dimensions employed in 2-D 
electrophoresis and neither offers additional 
resolving power to the analysis, electrophoresis 
has proven useful in allowing the enrichment of 
low-abundance proteins. A protein in a size- or 
pI-enriched fraction can be subjected to 2-D 
electrophoresis at a higher amount relative to the 
unfractionated sample, allowing the analysis of 
proteins present below detection levels (Zuo and 
Speicher 2000, Fountoulakis and Juranville 2003) 
 

 Chromatographic methods — 
use of chromatographic separation principles to 
enrich low-abundance proteins or generate 
fractions of reduced complexity (Fountoulakis et 
al. 1997, Badock et al. 2001, Butt et al. 2001, 
Smith et al. 2004, Qin et al. 2005, Yuan and 
Desiderio 2005). Virtually any chromatographic 
procedure can be used as a prefractionation 
step; examples include size exclusion, affinity, 
ion exchange, and reversephase resins 
 
Using these methods alone or in combination, 
proteins can be separated upstream of 2-D 
electrophoresis (prefractionated) by their physical 
or chemical properties, as described below. 
Some of these methods, however, may introduce 
ionic or other contaminants that must be removed 
before IEF. Also, increasing the number of 
sample handling steps may increase variability 
and the risk of sample loss. 
 
Fractionation by Subcellular Location 
There are many techniques for preparing 
fractions enriched in subcellular organelles or 
membrane types, and there are several examples 
in which these techniques have been used to 
prepare samples for 2-D electrophoresis and 
other proteomic analyses (Huber et al. 2003).  
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Methods for organellar fractionation generally 
involve differential and density gradient 
centrifugation (Stasyk et al. 2007, Fialka et al. 
1997). However, fractionation schemes involving 
aqueous polymer phase separation (Tang et al. 
2008) and free-flow electrophoresis (Zischka et al. 
2003, Eubel et al. 2008) have been described for 
this purpose as well. These methods are usually 
specific for the source material (cells or tissue). In 
some cases, fractions representing different 
subcellular sites can be generated on the basis of 
solubility under different conditions (see the 
Fractionation by Solubility/ Hydrophobicity 
section). These methods are more general in 
application. 
 

Fractionation by Solubility/Hydrophobicity 
Proteins can be separated according to their 
solubility in different reagents using either 
chemical or chromatographic methods. Sequential 
extraction under different solvent conditions can 
be used to fractionate a protein sample based on 
solubility, and this strategy has also been used to 
prepare discrete fractions for analysis by 2-D 
electrophoresis (Lenstra and Bloemendal 1983, 
Weiss et al. 1992). Extraction using different 
detergents can also yield different protein 
fractions (Figure 2.5), and chromatographic 
methods that can be used include reverse-phase 
(Van den bergh and Arckens 2008) and 
hydrophobic interaction chromatography (McNulty 
and Annan 2009).

 
 

 
Fig. 2.5. Distribution of proteins based on differential solubility using the ReadyPrep sequential extraction kit. The 
generation of three fractions provides increased resolution of proteins on 2-D gels. 
 
 
Fractionation by Protein Charge 
Ion exchange chromatography has been used to 
reduce proteome complexity, enrich low-
abundance proteins, and improve peptide mass 
fingerprints (Butt et al. 2001). This technique 
separates proteins according to their charge at 
various pHs. It is based on the reversible 
adsorption of proteins to a solid phase containing 

charged chemical groups. Cationic (+) or anionic 
(-) resins (Figure 2.6) attract molecules of 
opposite charge in the solvent. A variety of 
systems and media are available for ion exchange 
chromatography, but because elution involves 
gradient elution by washing the column with 
buffers of gradually increasing ionic strength or 
pH, a subsequent cleanup step must be included.
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Fig. 2.6. Fractionation of rat brain tissue using Aurum ion exchange mini columns. Rat brain total protein extracts 
(3 ml) were loaded onto an Aurum AEX column and eluted. The unfractionated and fractionated samples were 
then treated with the ReadyPrep reduction alkylation and 2-D cleanup kits and separated by 2-D electrophoresis. 
Red circles indicate a group of protein spots with increased intensities after fractionation. Blue arrows show two 
representative spots detected only in the gels of the AEX bound fraction. 
 
 
Fractionation by pI 
Fractionation by pI, for example by liquid-phase 
IEF, may seem counterintuitive as a fractionation 
technique upstream of the first-dimension IEF 
separation. It can, however, improve downstream 
sample loading and separation on narrow- and 
micro-range IPG strips by eliminating proteins 
outside the pH region of interest (Figure 2.7). This 
unique separation method can also be coupled to 
analytical or preparative SDS-PAGE for a 
powerful, complementary first-dimension 
separation and enrichment strategy for high 
molecular weight, membrane, hydrophobic, or 
other proteins that are often underrepresented in 
IPG-based 2-D gels (Davidsson 2002, Hansson et 
al. 2004, Brobey and Soong 2007)2. 
 

 

Fig. 2.7. Clean fractionation by pI. Mouse liver extract 
was fractionated using the MicroRotofor cell. 2-D 
separations of the unfractionated sample (120 μg) and 
fractions (30 μg) are shown. Prior to 2-D separation, 
samples were treated with the ReadyPrep 2-D cleanup 
kit to remove extra ampholytes. Note the clean pH 
boundaries of fraction 3 and the enrichment of proteins 
in the pH region it covers. 
 
Fractionation by Size (MW) 
Size-dependent separation is a powerful 
fractionation strategy in studies focused on a 
particular protein or protein family and their 
posttranslational modifications because these 
proteins tend to be of similar size (Fountoulakis 
and Juranville 2003). Proteins can be separated 
into size-dependent fractions by polyacrylamide 
gel electrophoresis (PAGE), particularly 
continuous-elution electrophoresis. 
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