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Protein Solubilization 
 
 
Protein Solubilization 
Proteins in a biological sample are often 
associated with other proteins, integrated into 
membranes, or parts of large complexes. Protein 
solubilization is the process of breaking 
interactions involved in protein aggregation 
(Rabilloud 1996), which include disulfide and 
hydrogen bonds, van der Waals forces, and ionic 
and hydrophobic interactions. If these 
interactions are not disrupted, proteins can 
aggregate or precipitate, resulting in artifacts or 
sample loss. For successful 2-D electrophoresis, 
proteins must be well solubilized. 
 
Sample lysis solutions typically contain a number 
of compounds that meet the requirements, both 
electrically and chemically, for compatibility with 
IEF. To allow high voltages to be applied during 
IEF without producing high currents, the 
compounds must not increase the ionic strength 
of the solution. In some cases, it may be 
necessary to prepare samples using additives 
that facilitate protein solubilization but that have 
limited compatibility with IEF (for example, salts 
and SDS). In these cases, the potentially 
interfering substance must be removed prior to 
sample application, or actions must be taken to 
mitigate its effect (see the Removal of Interfering 
Substances section). See Chapter 9 for sample 
preparation procedures and solutions; for a 
thorough discussion of solubilization methods, 
refer to Rabilloud (2000). 
 
 
Chaotropic Agents  
These compounds disrupt hydrogen bonds and 
hydrophobic interactions both between and within 
proteins. When used at high concentrations, 
chaotropic agents disrupt secondary protein 
structure and bring into solution proteins that are 
otherwise insoluble. The neutral chaotropic agent 

urea is used at 5–9 M, often with up to 2 M 
thiourea, which can dramatically increase the 
number of proteins solubilized (Rabilloud et al. 
1997). Thiourea is weakly soluble in water but 
more soluble in high concentrations of urea; 
therefore, a mixture of 2 M thiourea and 5–8 M 
urea is used when strongly chaotropic conditions 
are required. Charged chaotropic agents such as 
guanidine hydrochloride are incompatible with 
IEF. If using thiourea during sample preparation, 
also add it to the first-dimension rehydration 
solution; otherwise, the proteins that require 
thiourea for solubility will come out of solution 
during IEF. 
 
Urea and thiourea can hydrolyze to cyanate and 
thiocyanate, respectively; these products modify 
amino groups on proteins (carbamylation) and 
give rise to artifactual charge heterogeneity. 
Since heat promotes this hydrolytic reaction, 
never heat ureaor thiourea-containing solutions 
above 37°C in the presence of protein (McCarthy 
et al. 2003). 
 
 
Detergents  
Detergents disrupt hydrophobic interactions 
between and within proteins and are classified as 
neutral, zwitterionic, anionic, and cationic (Luche 
et al. 2003). Some proteins, especially 
membrane proteins, require detergents for 
solubilization during isolation and for maintaining 
solubility during IEF.  Sample preparation for 2-D 
electrophoresis commonly uses neutral or 
zwitterionic (having both positive and negative 
charges resulting in a neutral net charge) 
detergents at concentrations of 1–4%, since 
these detergents do not introduce a net charge 
and therefore allow proteins to migrate at their 
own charges during IEF. Examples of neutral 
detergents include 
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Tween, octylglucoside, dodecyl maltoside, Triton 
X-100, and Triton X-114. Examples of zwitterionic 
detergents include CHAPS, CHAPSO, ASB-14, 
and SB 3-10. In practice, only a few detergents 
are used in IEF (Table 2.2). With few exceptions, 
only a single detergent should be used because 
the effects of detergents are not additive and can 
be unpredictable in combination. Anionic and 
cationic detergents are generally not suitable for 
IEF.  SDS is unparalleled in its ability to 
efficiently and rapidly solubilize proteins. 
Although SDS is incompatible with IEF as an 
anionic detergent, it can be used in the initial 
preparation of concentrated protein samples. 
 
 In these cases, another IEFcompatible detergent 
must be used in excess to disrupt the binding of 

SDS to protein (Ames and Nikaido 1976). Also to 
be considered is how the detergent interacts with 
high concentrations of urea. When using SB 3-
10, for example, the urea concentration is limited 
to 5 M, but ASB-14 can be used with 9 M urea 
(Chevallet et al. 1998). 
 
 
 
Reducing Agents 
Reducing agents cleave disulfide bond crosslinks 
within and between protein subunits, thereby 
promoting protein unfolding and maintaining 
proteins in their fully reduced states. The 
compounds used for 2-D sample preparation are 
either sulfhydryl or phosphine reducing agents
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 Table 2.2. Summary of compounds used in 2-D electrophoresis sample solutions. Refer to Ordering 
Information (Appendix C) for catalog numbers and details of options available for purchase. 

 
 

 
Examples of sulfhydryl reductants include 
dithiothreitol (DTT), dithioerythritol (DTE), and b-
mercaptoethanol (BME). DTT and DTE can be 
used at lower concentrations than b-
mercaptoethanol and are more commonly used, 
but high concentrations of DTT can affect the pH 
gradient since its pKa is around 8. Examples of 
phosphine reductants include tributylphosphine 
(TBP) and Triscarboxyethylphosphine (TCEP). 
These reducing agents can be used at lower 
concentrations and over a wider pH range than 
the sulfhydryl reductants; however, their use is 
limited by low solubility and instability (TBP) or a 

highly charged characteristic (TCEP). Reducing 
agents added during protein extraction help to 
solubilize proteins; during IEF, however, reducing 
agents such as DTT become depleted from the 
basic end of pH gradients extending above pH 8, 
which can cause proteins to aggregate and 
precipitate (Hoving et al. 2002). The result is 
streaking and other random spot patterns, 
particularly in the alkaline regions of the IPG strip 
(Herbert et al. 2001). To address this problem, 
proteins can be reduced with TBP and then 
irreversibly alkylated with iodoacetamide (Figure 
2.1). This treatment blocks protein sulfhydryls 
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 and prevents proteins from aggregating and 
precipitating due to oxidative cross-linking, 

ensuring that proteins remain soluble throughout 
electrophoresis (Figure 2.2).

 
 

 
 
Fig. 2.2. Effect of treatment with the ReadyPrep reduction-alkylation kit. Human HeLa cell extract (100 μg) 
separated by 2-D electrophoresis (first dimension on 11 cm ReadyStrip IPG strips pH 3–10, second dimension 
using 12% Criterion gels) and stained with Flamingo protein gel stain. The sample treated with the ReadyPrep 
reduction alkylation kit (right) and shows much better spot resolution than the untreated sample (left), especially 
in the basic range of the gel. 
 
 
Ampholytes, Buffers, and Other Additives 
Sample solution components that modify pH or 
impart ionic strength affect the solubilization of 
proteins during sample preparation and strongly 
influence 2-D electrophoresis. Carrier ampholyte 
mixtures increase both buffering power and ionic 
strength. Unlike non-ampholytic ions, they do not 
interfere with IEF and can, in fact, improve 
protein solubility by “salting in” proteins that are 
otherwise insoluble under IEF conditions. In 
addition, carrier ampholytes can diminish 
proteinmatrix interactions, which tend to occur at 
the basic end of an IPG strip and lead to 
streaking caused by precipitation (Righetti and 
Gianazza 1987). Carrier ampholytes are routinely 
added to solutions used during IEF with IPG 
strips and can be of value during protein 
extraction as well. Since proteins are often more 
soluble and proteases are less active at higher 

pH, a base such as Tris may be included in a 
lysis solution to elevate pH. Many proteins also 
require ions in solution for optimum solubility. 
Normally, this is achieved by adding salt to the 
sample solution; however, adding salt prior to IEF 
increases conductivity and consequently limits 
the voltage at which IEF can be performed until 
the salt is eventually removed from the system. 
Ions also leave the IPG strip during IEF, causing 
any protein requiring ions for solubility to 
precipitate. Proteins also become less soluble as 
they approach their pI; they may precipitate at 
their pI in a phenomenon known as isoelectric 
precipitation or pI fallout. 
 
 
For More information on related products, please 
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