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Protein Separation by Size 
 
 
The second-dimension separation is by protein 
size(mass) using SDS-PAGE. The proteins 
separated inIPG strips by IEF in the first 
dimension are applied topolyacrylamide gels and 
separated a second time bySDS-PAGE (Figure 
4.1). 
 
A two-step equilibration process prepares the 
proteinsfor SDS-PAGE. The proteins are 

complexed withSDS, reduced with DTT, and then 
alkylated withiodoacetamide. Treatment of the 
proteins with SDSyields protein-SDS complexes 
with a consistentcharge-to-mass ratio. When 
electrophoresed througha polyacrylamide gel, 
these complexes migrate with amobility that is 
related logarithmically to mass. As theproteins 
migrate through the gel, the pores of the gelsieve 
proteins according to size.

 
 

 
 
Fig. 4.1. Separation of proteins by SDS-PAGE after separation by IEF. The IPG strip containing proteins already 
separated by pI is applied to the top of a polyacrylamide gel. The proteins are then separated according to size 
(MW) by SDS-PAGE. 
 
 

 Address:800 S Wineville Avenue, Ontario, CA 91761,USA 
Website:www.aladdin-e.com 

Email USA: tech@aladdin-e.com 
Email EU: eutech@aladdin-e.com 

Email Asia Pacific: cntech@aladdin-e.com 

1 
 



 
 

www.aladdin-e.com 
 

Selection of Polyacrylamide Gels 
Polyacrylamide gels are prepared by free 
radicalpolymerization of acylamide and a 
comonomercrosslinker such as bis-acrylamide. By 
convention,gels are characterized by two 
parameters thatdetermine pore size: total 
monomer concentration(%T, in g/100 ml) and 
weight percentage of crosslinker(%C). SDS-PAGE 
gels typically have a %C of 2.7%,and the %T is 
varied to give separation 
characteristicsappropriate to the experimental 
needs. %T determinesthe relative pore size of the 
resulting polyacrylamidegel, with higher %T 
resulting in smaller pores andseparation 
characteristics more appropriate forsmaller 
proteins.Gels are either purchased as commercial 
precastgels or cast in the laboratory using 
unpolymerizedmonomer and buffer components. 
Precast gels areavailable in smaller formats to fit 
commercially availableelectrophoresis cells. 
These are appropriate for thesecond dimension 
when the first dimension is run on7 cm or 11 cm 
IPG strips. Larger second dimensionsare 
generally run on lab-cast gels. 
 
 
Choice of Gel Percentage (Composition) 
Gels for SDS-PAGE are made with either a 
single,continuous %T throughout the gel (single-
percentagegels) or a gradient of %T (gradient 
gels). Gradient gelsare cast with acrylamide 
concentrations that increasefrom top to bottom so 
that the pore size decreasesas proteins migrate 
into the gels. Single percentagegels are cast in 
the laboratory by simply pouring theappropriate 
percentage of acrylamide, along withbis-
acrylamide, buffer, initiator, and catalyst, into agel 
cassette prepared using glass plates and 
spacersclamped together. The mixture is poured 
into thecassette and allowed to polymerize. A 
stacking layeris not necessary for second-
dimension gels. Gradientgels may also be cast in 
the laboratory using solutionsof differing 
acrylamide percentage and a gradientmaker. 
Typical gel compositions are 7.5–20% forsingle-
percentage gels, and 4–15% to 10–20% 
forgradient gels. 
 
Use protein migration charts and tables to 
selectthe gel type that offers optimum separation 
of yoursample (Figure 4.2): 
 

 Use single-percentage gels to separate bands 
ofsimilar size. Since optimum separation occurs in 
thelower half of the gel, choose a percentage in 
whichthe protein of interest migrates to the lower 

half ofthe gel 
 

 
Fig. 4.2. Examples of migration charts. The protein 
standards were run on Mini-PROTEAN TGX gels. 
 

 Use gradient gels to separate a broad range 
ofprotein sizes. Gradient gels allow resolution 
ofboth high- and low-molecular weight bands on 
thesame gel. The larger pore size towards the top 
ofthe gel permits resolution of larger molecules, 
anddecreasing pore sizes toward the bottom of 
the gelrestrict excessive separation of small 
molecules.Gradient gels are often the most 
appropriate choicefor 2-D electrophoresis, which 
is most often appliedto complex samples with 
proteins spanning a largesize range 
 

 For new or unknown samples, use a broad 
gradientgel (for example, 4–20 %T or 8–16 %T or 
Bio-Rad’sAny kD 3 formulation) for a global 
evaluation of thesample, and then move to an 
appropriate singlepercentagegel for more detailed 
investigation of aparticular size range of interest 
 
Choice of Gel Size 
The choice of gel size depends on the same 
factors determining the length of IPG strip used, 
namely speed, resolution, and throughput (see 
the Choice of IPG Strip Length section):  
 

 Mini-format systems accommodate short IPG 
strips (7 cm) and mini-format gels. The short 
separation distance of the gels maximizes the 
electrical field strength (V/cm) to yield rapid 
separations with moderate resolution. Use mini 
gels and systems for rapid analysis and method 
development  
 

 Midi gels and midi-format systems 
accommodate 11 cm IPG strips and are slightly 
larger (both in width and length) gels. They still 
offer rapid runs, but because of the longer 
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separation distance, they provide better coverage 
than mini-format gels  
 

 Large-format systems accommodate 17 – 24 
cm IPG strips and large gels and offer the 
maximum resolution possible; however, large gel 
sizes require longer run times   
 
Choice of Buffer System  
The pH and ionic composition of the buffer 
systems used to prepare the gels and samples 
and to fill the electrode reservoirs determine the 
power requirements and heavily influence the 
separation characteristics of a polyacrylamide gel. 
Different buffer systems also vary widely in their 
stability.  
 
The most common buffer system for 
seconddimension SDS-PAGE is the Tris-HCl 
system described by Laemmli (Laemmli 1970). 
The reagents are inexpensive and readily 
available, and the precast gels are also readily 
available in a wide variety of gel percentages. The 
system is robust and highly tolerant of high 
sample loads. However, Tris-HCl resolving gels 
are prepared at pH 8.6–8.8; at this basic pH, 
polyacrylamide slowly hydrolyzes to polyacrylic 

acid, which can compromise separation. For this 
reason, Tris-HCl gels have a relatively short shelf 
life. 
 
In addition, the gel pH can rise to pH 9.5 during a 
run, causing proteins to undergo deamination and 
alkylation, thereby diminishing resolution and 
complicating post-electrophoresis analysis. To 
alleviate these shortcomings, a number of 
alternative buffer systems have been developed. 
For example, bis-Tris, Tris-acetate, and other 
proprietary buffer systems (see the Precast Gels 
for Second-Dimension SDS-PAGE sidebar) offer 
extended shelf life as well as other separation 
characteristics unique to their formulations. 
 
High-quality precast gels are preferred for 
highthroughput applications. They provide savings 
in time and labor, and the precision-poured 
gradients result in reproducibility among runs. 
 
 
For More information on related products, please 
click: Aladdin
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