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Introduction
• Main features of this electrophoresis are:

(1) Use of two gel systems with different concentrations;
(2) Solution composition and pH are different for the preparation of the two gel and are also
different from electrophoresis buffer composition and pH in electrophoresis tank.

• In the experiment, electrophoresis gel is divided into two layers: the upper one is a
macroporous gel with low concentration, called stacking gel, buffer for the formulation of this
layer is Tris-HCl, pH6.7;

• The lower one is hole glue with high concentrations, called separating gel or electrophoresis gel
, and the buffer for this is Tris-HCl, pH8.9.

• Electrode buffer in the electrophoresis tank is Tris- glycine, pH8.3.
• Obviously, the gel concentrations, compositions, pH and the electrophoresis buffer systems are

different from each other, thus forming a discontinuous system.
• Laemmli (1970) incorporated the SDS into a discontinuous denaturing buffer system.



...Introduction

• During the experiment, the protein sample was loaded in the
stacking gel.

• To prevent protein sample diffusing in the electrode buffer, adding
an equal volume of 40% sucrose or 50% glycerol to increase the
density would be a good choice.

• To observe the mobility of protein samples, it’s better to add
bromophenol blue dye or some other tracer dyes into the sample.

• These colored substances can migrate faster than any
macromolecules.

• As long as the dye dose not move out of the gel, there would be no
danger for the sample.



Principle
• In the discontinuous system, as soon as the power is turned on, Glycine, proteins, chloride

ions and bromophenol in HCI would be dissociated into anion, forming an ion flow and
moving to the anode.

• Its mobility depends on the number of electric charges of the ion, molecular size and shape.
• However, when the glycine ions of electrophoresis buffer (pH8.3) entered into the stacking

gel and encountered lower pH (6.7), which lowered down by nearly two units, almost close
to the isoelectric point (5.97) of glycine, the dissociation degree of glycine suddenly drop,
the amount of charge reduced significantly and then the mobility became slower.

• Protein sample entered into the stacking gel, pH changes has impact on its dissociation
degree either, but the impact is much smaller than on glycine.

• Thus it has larger mobility than glycine.
• What’s more, the pore size of stacking gel is too large to cause obstruction to protein

molecular.
• So, in the stacking gel, the mobility of various ions is in the order of: glycine <protein <BPB

<Cl.



...Principle
• The decline of dissociation degree after the glycine entering into the stacking gel makes the

sudden absence of mobile ions flowing, resulting in reduced conductivity and electric current
decline.

• However, the entire electric current of the other part of the electrophoresis system remain
unchanged.

• On the basis that conductivity is inversely proportional to potential gradient (E=I/n, E stands for
potential gradient, I stands for current intensity and N stands for conductivity), there suddenly
formed a high local potential gradient between Leading Ion-CI and slow ion-glycine.

• Protein components in this local potential gradient region quickly migrate to the CI-ions region
at different speed under the function of the high electric field.

• Through this process, the protein sample has been concentrated for several hundred fold and
the protein components are arranged in a certain order to form layer.



...Principle
• When the ion flow continued to move forward and entered into the resolving gel

prepared by pH8.9 buffer, the protein molecule encountered resistance.
• Then the mobility became slow. At the same time, under the conditions of

pH8.9, glycine would fully dissociate.
• Its electricity would increase, eliminating the phenomenon of ion missing.
• Each section of the gel recovered with a constant electric strength.
• Proteins begin to migrate at different rates, because of the sieving properties of

the gel.
• Smaller protein-SDS complexes migrate more quickly than larger

protein SDS complexes.
• Within a certain range determined by the porosity of the gel, the migration rate

of a protein in the running gel is inversely proportional to the logarithm of its
MW.



...Principle

• Seen from the principle above, main advantages of discontinuous
polyacrylamide gel electrophoresis is that when the protein
samples go through the stacking gel, they can form a tightly
compressed layer and flow into the separating gel.

• With the protein components separated previously and
compressed into layer, it can reduce the interference caused by the
zone overlapping, thus improving the distinguish ability of
electrophoresis.

• Just because of this advantage, a small amount of protein samples
can be well separated too.





Materials and Reagents
• 30% acrylamide: weigh 29g acrylamide, 1g N, N – methylene bis-acrylamide. Add 60 ml

warmed deionized water and heat to 37 ℃. Add deionized water to make a final volume of
100ml; filter; Then we have 30% (w / v) acrylamide stock solution; Acrylamide and bis-
acrylamide were transformed slowly into acrylic acid and double acrylic acid during storage,
so the pH of the solution should be no more than 7.0 and it should be placed in a brow
bottle at 4 ℃.

•
• 10% sodium dodecyl sulfate (SDS): weigh 10g SDS and 90ml deionized water; heat to 68 ℃

and add a few drops of concentrated hydrochloric acid until the pH becomes 7.2; then water
to 100ml; after the whole processes, we have 10% (w/v) SDS.

•
• Stacking gel buffer (1mol / L Tris-HCl pH 6.8): dissolve 12.12g Tris in 80ml deionized water.

Adjust the pH to 6.8 with concentrated hydrochloric acid; add deionized water to 100ml and
store at 4℃.



... Materials and Reagents
• Resolving gel buffer (1.5mol / L Tris-HCl pH 8.8): dissolve 18.16g Tris in 80ml deionized water; adjust the pH to

8.8 with concentrated hydrochloric acid; add deionized water to 100ml; store at 4 ℃.
• 10% ammonium persulfate (AP): ammonium persulfate provides the free radical necessary for the catalysis of

the Polymerization of Acrylamide and Bis-acrylamide; Use deionized water to prepare a small amount of 10%
(w/v) solution and store at 4 ℃. Since ammonium persulfate will decompose slowly, it should be freshly
prepared every other week.

• TEMED (N, N, N, N – tetramethylethylenediamine): by catalyzing ammounium persulfate to form free radicals,
TEMED accelerated the polymerization of acrylamide and bis-acrylamide. Since TEMED only functions in a free
base form, the polymerization reaction would be inhibited when the pH is low.

• Tris- glycine electrophoresis buffer: weigh 15.1g Tris and 94g glycine; Dissolve in 900ml deionized water; then
add 50ml 10% (w/v) SDS and deionized water to 1000ml. Dilute 5-fold when using. The final concentration
would be: Tris, 25mmol/L; glycine, 250mmol/L; SDS, 0.1% and the pH of the buffer is 8.3.

• Polyacrylamide gel electrophoresis tank and electrophoresis power supply.



Sample denaturation
• A sample can be prepered by adding to a final concentration of 2 mg/ml protein with 1% SDS,

10% glycerol, 10 mM Tris-Cl, pH 6.8, 1 mM ethylene diamine tetraacetic acid (EDTA), a reducing
agent such as dithiothreitol (DTT) or 2-mercaptoethanol, and a pinch of bromophenol blue to
serve as a tracking dye (~0.05 mg/ml).

• EDTA is a preservative that chelates divalent cations, which reduces the activity of proteolytic
enzymes that require calcium and magnesium ions as cofactors.

• The tris acts as a buffer, which is very important since the stacking process in discontinuous
electrophoresis requires a specific pH.

• Glycerol makes the sample more dense than the sample buffer, so the sample will remain in the
bottom of a well rather than float out.

• The dye allows the investigator to track the progress of the electrophoresis.



... Sample denaturation
• SDS, DTT, and heat are responsible for the actual denaturation of the sample.
• SDS breaks up the two- and three-dimensional structure of the proteins by adding negative charge to

the amino acids.
• A similar charge to mass ratio for all proteins in a mixture, sinc SDS binds at a constant rate of 1.4 g of

SDS per 1 g of protein (a stoichiometry of about one SDS molecule per 2 amino acids).
• Since like charges repel, the proteins are more-or-less straightened out, immediately rendering them

functionless.
• Some quaternary structure may remain due to disulfide bonding (covalent) and due to covalent and

noncovalent linkages to other types molecules.
• Delayed heating of samples after sample buffer addition or excessive heating can cause

electrophoretic artifacts due to protein degradation and peptide bond cleavage, respectively.
• Upon addition of SDS sample buffer, samples should be immediately mixed and heated to 85°C for

three minutes followed by centrifugation.
• Supernatant used as sample for gel loading.



Operating Method
• Assemble glass plate according to the vertical electrophoresis

tank instructions; determine the concentration and volume of
the separating gel; prepare the desired separating gel
according to the ingredients listed for the preparation of Tris-
glycine SDS-polyacrylamide gel electrophoresis.

• Inject the separating gel into the gap of the two glass sheets
quickly, leaving space for the infusion of stacking gel (comb
teeth length plus 1cm); cover the separating gel with 0.1% SDS
carefully( when the concentration of acrylamide ≤ 8%) or
isobutanol or water (when the acrylamide concentration
≥10%); the cover layer can prevent the diffusion of oxygen into
the gel and inhibit the polymerization of the gel; place the gel
vertically at room temperature.



... Operating Method
• When the polymerization of the separating gel completed, pour the cover liquid; wash the

top of the gel for several times to remove the acrylamide that were unpolymerized; exclude
the liquid on the gels as far as possible.

• Determine the volume of the stacking gel in need; prepare the desired stacking gel
according to the ingredients listed for the preparation of Tris- glycine SDS-polyacrylamide
gel electrophoresis of stacking gel; Pipette the stacking gel directly on the separating gel,
and insert clean supporting comb immediately, to avoid air bubbles; then add stacking gel
solution to fill the gap between comb. Remove the comb after stacking gel polymerization,
then the sample hole is formed.

• Dilute 5-fold of the Tris- glycine electrophoresis buffer stock solution with deionized water;
pour the solution into electrophoresis tank; fill the sample hole so that the bubbles in the
sample holes can be ruled out through the electrophoresis buffer.





How to Read SDS-PAGE Results?
• After electrophoresis, protein separation cannot be directly observed by the naked eye, and subsequent staining

techniques are needed.
• Coomassie brilliant blue staining and silver staining are common methods for routine detection and

quantification of proteins separated by electrophoresis.
• After simple processing such as fixation-staining-decolorization, the distribution of protein can be clearly

observed.
• With the improvement of high-sensitivity protein analysis methods and protein identification technologies, new

staining methods such as fluorescent labeling and isotope labeling technology have greatly improved sensitivity,
and are also compatible with automated proteome platform gel cutting technology.

• More high sensitivity and automated dyeing technologies are been developed.
• Protein Stain: 0.1% Coomassie brilliant blue R250 in 50% methanol, 10%glacial acetic acid.
• Dissolve the dye in the methanol and water component first, and then add the acetic acid. Filter the solution

through whatmann filter paper.
• (Note:Coomassie brilliant blue is harmful by inhalation or ingestion. Wear appropriate gloves & safety glasses

while handling)
• Destaining solution: 10% methanol, 7% glacial acetic acid



How to Determine Molecular Weight of Protein by 
SDS-PAGE?

• SDS-PAGE is the main method to determine the molecular weight of unknown
proteins.

• A protein with known molecular weight and an unknown sample are
electrophoresed at the same time.

• After staining, according to the relative mobility of the standard protein and the
logarithm of the molecular weight, a line can be obtained and determine the
molecular weight of the unknown sample using its relative mobility.

• In the laboratory, a standard molecular weight protein covalently coupled to a
dye is used as a reference protein to roughly indicate the size of the unknown
protein.

• This pre-stained protein marker can be directly observed during electrophoresis
or when transferring membranes.
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