
Polyacrylamide gel electrophoresis

“PAGE” redirects here. For other uses, see Page (disam-
biguation).

Polyacrylamide gel electrophoresis (PAGE), de-

Picture of an SDS-PAGE. The molecular markers (ladder) are in
the left lane

scribes a technique widely used in biochemistry,
forensics, genetics, molecular biology and biotechnology
to separate biological macromolecules, usually proteins
or nucleic acids, according to their electrophoretic mo-
bility. Mobility is a function of the length, conformation
and charge of the molecule.
As with all forms of gel electrophoresis, molecules may
be run in their native state, preserving the molecules’
higher-order structure, or a chemical denaturant may be
added to remove this structure and turn the molecule into
an unstructured linear chain whose mobility depends only
on its length and mass-to-charge ratio. For nucleic acids,
urea is the most commonly used denaturant. For proteins,
sodium dodecyl sulfate (SDS) is an anionic detergent ap-
plied to protein sample to linearize proteins and to im-
part a negative charge to linearized proteins. This pro-
cedure is called SDS-PAGE. In most proteins, the bind-
ing of SDS to the polypeptide chain imparts an even dis-
tribution of charge per unit mass, thereby resulting in a
fractionation by approximate size during electrophoresis.
Proteins that have a greater hydrophobic content, for in-
stance many membrane proteins, and those that interact

with surfactants in their native environment, are intrinsi-
cally harder to treat accurately using this method, due to
the greater variability in the ratio of bound SDS.[1]

1 Procedure

1.1 Sample preparation

Samples may be any material containing proteins or nu-
cleic acids. These may be biologically derived, for exam-
ple from prokaryotic or eukaryotic cells, tissues, viruses,
environmental samples, or purified proteins. In the case
of solid tissues or cells, these are often first broken down
mechanically using a blender (for larger sample volumes),
using a homogenizer (smaller volumes), by sonicator or
by using cycling of high pressure, and a combination of
biochemical and mechanical techniques – including var-
ious types of filtration and centrifugation – may be used
to separate different cell compartments and organelles
prior to electrophoresis. Synthetic biomolecules such as
oligonucleotides may also be used as analytes.

Reduction of a typical disulfide bond by DTT via two sequential
thiol-disulfide exchange reactions.

The sample to analyze is optionally mixed with a chem-
ical denaturant if so desired, usually SDS for proteins
or urea for nucleic acids. SDS is an anionic detergent
that denatures secondary and non–disulfide–linked ter-
tiary structures, and additionally applies a negative charge
to each protein in proportion to its mass. Urea breaks
the hydrogen bonds between the base pairs of the nu-
cleic acid, causing the constituent strands to separate.
Heating the samples to at least 60 °C further promotes
denaturation.[2][3][4][5]

In addition to SDS, proteins may optionally be briefly
heated to near boiling in the presence of a reducing agent,
such as dithiothreitol (DTT) or 2-mercaptoethanol (beta-
mercaptoethanol/BME), which further denatures the pro-
teins by reducing disulfide linkages, thus overcoming
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2 1 PROCEDURE

some forms of tertiary protein folding, and breaking up
quaternary protein structure (oligomeric subunits). This
is known as reducing SDS-PAGE.
A tracking dye may be added to the solution. This typi-
cally has a higher electrophoretic mobility than the ana-
lytes to allow the experimenter to track the progress of the
solution through the gel during the electrophoretic run.

1.2 Preparing acrylamide gels

The gels typically consist of acrylamide, bisacrylamide,
the optional denaturant (SDS or urea), and a buffer with
an adjusted pH. The solution may be degassed under a
vacuum to prevent the formation of air bubbles during
polymerization. Alternatively, butanol may be added to
the resolving gel (for proteins) after it is poured, as bu-
tanol removes bubbles and makes the surface smooth.
[6] A source of free radicals and a stabilizer, such as
ammonium persulfate and TEMED are added to initiate
polymerization.[7] The polymerization reaction creates a
gel because of the added bisacrylamide, which can form
cross-links between two acrylamide molecules. The ratio
of bisacrylamide to acrylamide can be varied for special
purposes, but is generally about 1 part in 35. The acry-
lamide concentration of the gel can also be varied, gen-
erally in the range from 5% to 25%. Lower percentage
gels are better for resolving very high molecular weight
molecules, while much higher percentages are needed to
resolve smaller proteins.

Gels are usually polymerized between two glass plates in
a gel caster, with a comb inserted at the top to create the
sample wells. After the gel is polymerized the comb can
be removed and the gel is ready for electrophoresis.

1.3 Electrophoresis

Various buffer systems are used in PAGE depending on
the nature of the sample and the experimental objective.

The buffers used at the anode and cathode may be the
same or different.[8][9] [10]

An electric field is applied across the gel, causing the neg-
atively charged proteins or nucleic acids to migrate across
the gel from the negative electrode (the cathode) towards
the positive electrode (the anode). Depending on their
size, each biomolecule moves differently through the gel
matrix: small molecules more easily fit through the pores
in the gel, while larger ones have more difficulty. The
gel is run usually for a few hours, though this depends on
the voltage applied across the gel; migration occurs more
quickly at higher voltages, but these results are typically
less accurate than at those at lower voltages. After the set
amount of time, the biomolecules have migrated different
distances based on their size. Smaller biomolecules travel
farther down the gel, while larger ones remain closer to
the point of origin. Biomolecules may therefore be sepa-
rated roughly according to size, which depends mainly on
molecular weight under denaturing conditions, but also
depends on higher-order conformation under native con-
ditions. However, certain glycoproteins behave anoma-
lously on SDS gels.

1.4 Further processing

Following electrophoresis, the gel may be stained (for
proteins, most commonly with Coomassie Brilliant Blue
R-250; for nucleic acids, ethidium bromide; or for ei-
ther, silver stain), allowing visualization of the separated
proteins, or processed further (e.g. Western blot). Af-
ter staining, different species biomolecules appear as dis-
tinct bands within the gel. It is common to run molecular
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2.1 Components 3

Two SDS-PAGE-gels after a completed run

weight size markers of known molecular weight in a sep-
arate lane in the gel to calibrate the gel and determine the
approximate molecular mass of unknown biomolecules
by comparing the distance traveled relative to the marker.
For proteins, SDS-PAGE is usually the first choice as
an assay of purity due to its reliability and ease. The
presence of SDS and the denaturing step make proteins
separate, approximately based on size, but aberrant mi-
gration of some proteins may occur. Different pro-
teins may also stain differently, which interferes with
quantification by staining. PAGE may also be used as
a preparative technique for the purification of proteins.
For example, quantitative preparative native continuous
polyacrylamide gel electrophoresis (QPNC-PAGE) is a
method for separating native metalloproteins in complex
biological matrices.

2 Chemical ingredients and their
roles

Polyacrylamide gel (PAG) had been known as a poten-
tial embedding medium for sectioning tissues as early
as 1964, and two independent groups employed PAG in
electrophoresis in 1959.[11][12] It possesses several elec-
trophoretically desirable features that make it a versatile
medium. It is a synthetic, thermo-stable, transparent,
strong, chemically relatively inert gel, and can be pre-
pared with a wide range of average pore sizes.[13] The
pore size of a gel is determined by two factors, the total
amount of acrylamide present (%T) (T = Total concen-
tration of acrylamide and bisacrylamide monomer) and
the amount of cross-linker (%C) (C = bisacrylamide con-
centration). Pore size decreases with increasing %T; with
cross-linking, 5%C gives the smallest pore size. Any in-
crease or decrease in%C from 5% increases the pore size,
as pore size with respect to %C is a parabolic function
with vertex as 5%C. This appears to be because of non-
homogeneous bundling of polymer strands within the gel.
This gel material can also withstand high voltage gradi-

ents, is amenable to various staining and destaining pro-
cedures, and can be digested to extract separated fractions
or dried for autoradiography and permanent recording.

2.1 Components

• Chemical buffer Stabilizes the pH value to the de-
sired value within the gel itself and in the elec-
trophoresis buffer. The choice of buffer also af-
fects the electrophoretic mobility of the buffer
counterions and thereby the resolution of the gel.
The buffer should also be unreactive and not modify
or react with most proteins. Different buffers may
be used as cathode and anode buffers, respectively,
depending on the application. Multiple pH values
may be used within a single gel, for example in DISC
electrophoresis. Common buffers in PAGE include
Tris, Bis-Tris, or imidazole.

• Counterion balance the intrinsic charge of the
buffer ion and also affect the electric field strength
during electrophoresis. Highly charged and mo-
bile ions are often avoided in SDS-PAGE cathode
buffers, but may be included in the gel itself, where
it migrates ahead of the protein. In applications such
as DISC SDS-PAGE the pH values within the gel
may vary to change the average charge of the coun-
terions during the run to improve resolution. Popu-
lar counterions are glycine and tricine. Glycine has
been used as the source of trailing ion or slow ion
because its pKa is 9.69 and mobility of glycinate
are such that the effective mobility can be set at a
value below that of the slowest known proteins of
net negative charge in the pH range. The minimum
pH of this range is approximately 8.0.

• Acrylamide (C3H5NO; mW: 71.08).
When dissolved in water, slow, spontaneous
autopolymerization of acrylamide takes place, join-
ing molecules together by head on tail fashion to
form long single-chain polymers. The presence of
a free radical-generating system greatly accelerates
polymerization. This kind of reaction is known
as Vinyl addition polymerisation. A solution of
these polymer chains becomes viscous but does not
form a gel, because the chains simply slide over
one another. Gel formation requires linking various
chains together. Acrylamide is a neurotoxin. It is
also essential to store acrylamide in a cool dark
and dry place to reduce autopolymerisation and
hydrolysis.

• Bisacrylamide (N,N'-Methylenebisacrylamide)
(C7H10N2O2; mW: 154.17). Bisacrylamide is
the most frequently used cross linking agent for
polyacrylamide gels. Chemically it can be thought
of as two acrylamide molecules coupled head to
head at their non-reactive ends. Bisacrylamide can
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4 2 CHEMICAL INGREDIENTS AND THEIR ROLES

crosslink two polyacrylamide chains to one another,
thereby resulting in a gel.

• Sodium Dodecyl Sulfate (SDS) (C12H25NaO4S;
mW: 288.38). (only used in denaturing pro-
tein gels) SDS is a strong detergent agent used
to denature native proteins to unfolded, individual
polypeptides. When a protein mixture is heated to
100 °C in presence of SDS, the detergent wraps
around the polypeptide backbone. It binds to
polypeptides in a constant weight ratio of 1.4 g
SDS/g of polypeptide. In this process, the in-
trinsic charges of polypeptides becomes negligible
when compared to the negative charges contributed
by SDS. Thus polypeptides after treatment become
rod-like structures possessing a uniform charge den-
sity, that is same net negative charge per unit weight.
The electrophoretic mobilities of these proteins is a
linear function of the logarithms of their molecular
weights.

Without SDS, different proteins with similar
molecular weights would migrate differently
due to differences in mass-charge ratio, as each
protein has an isoelectric point and molecular
weight particular to its primary structure. This
is known as Native PAGE. Adding SDS solves
this problem, as it binds to and unfolds the
protein, giving a near uniform negative charge
along the length of the polypeptide.

• Urea (CO(NH2)2; mW: 60.06). (only used in de-
naturing nucleic acid gels) Urea is a chaotropic agent
that increases the entropy of the system by inter-
fering with intramolecular interactions mediated by
non-covalent forces such as hydrogen bonds and van
der Waals forces. Macromolecular structure is de-
pendent on the net effect of these forces, therefore
it follows that an increase in chaotropic solutes de-
natures macromolecules,

• Ammonium persulfate (APS) (N2H8S2O8; mW:
228.2). APS is a source of free radicals and is often
used as an initiator for gel formation. An alternative
source of free radicals is riboflavin, which generated
free radicals in a photochemical reaction.

• TEMED (N, N, N', N'-
tetramethylethylenediamine) (C6H16N2; mW:
116.21). TEMED stabilizes free radicals and im-
proves polymerization. The rate of polymerisation
and the properties of the resulting gel depend on
the concentrations of free radicals. Increasing the
amount of free radicals results in a decrease in the
average polymer chain length, an increase in gel
turbidity and a decrease in gel elasticity. Decreasing
the amount shows the reverse effect. The lowest
catalytic concentrations that allow polymerisation
in a reasonable period of time should be used. APS

and TEMED are typically used at approximately
equimolar concentrations in the range of 1 to 10
mM.

2.2 Chemicals for processing and visual-
ization

PAGE of rotavirus proteins stained with Coomassie blue

The following chemicals and procedures are used for pro-
cessing of the gel and the protein samples visualized in it:

• Tracking dye. As proteins and nucleic acids are
mostly colorless, their progress through the gel
during electrophoresis cannot be easily followed.
Anionic dyes of a known electrophoretic mobil-
ity are therefore usually included in the PAGE
sample buffer. A very common tracking dye is
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Silver stained SDS Polyacrylamide gels

Bromophenol blue (BPB, 3',3”,5',5” tetrabromophe-
nolsulfonphthalein). This dye is coloured at alkali
and neutral pH and is a small negatively charged

molecule that moves towards the anode. Being a
highly mobile molecule it moves ahead of most pro-
teins. As it reaches the anodic end of the elec-
trophoresis medium electrophoresis is stopped. It
can weakly bind to some proteins and impart a blue
colour. Other common tracking dyes are xylene
cyanol, which has lower mobility, and Orange G,
which has a higher mobility.

• Loading aids. Most PAGE systems are loaded
from the top into wells within the gel. To ensure that
the sample sinks to the bottom of the gel, sample
buffer is supplemented with additives that increase
the density of the sample. These additives should be
non-ionic and non-reactive towards proteins to avoid
interfering with electrophoresis. Common additives
are glycerol and sucrose.

• Coomassie Brilliant Blue R-250
(CBB)(C45H44N3NaO7S2; mW: 825.97). CBB
is the most popular protein stain. It is an anionic
dye, which non-specifically binds to proteins. The
structure of CBB is predominantly non-polar, and
it is usually used in methanolic solution acidified
with acetic acid. Proteins in the gel are fixed by
acetic acid and simultaneously stained. The excess
dye incorporated into the gel can be removed
by destaining with the same solution without the
dye. The proteins are detected as blue bands on a
clear background. As SDS is also anionic, it may
interfere with staining process. Therefore, large
volume of staining solution is recommended, at
least ten times the volume of the gel.

• Ethidium bromide (EtBr) is the traditionally most
popular nucleic acid stain.

• Silver staining. Silver staining is used when more
sensitive method for detection is needed, as clas-
sical Coomassie Brilliant Blue staining can usually
detect a 50 ng protein band, Silver staining in-
creases the sensitivity typically 50 times. The ex-
act chemical mechanism by which this happens is
still largely unknown.[14] Silver staining was intro-
duced by Kerenyi and Gallyas as a sensitive proce-
dure to detect trace amounts of proteins in gels.[15]
The technique has been extended to the study of
other biological macromolecules that have been sep-
arated in a variety of supports.[16] Many variables
can influence the colour intensity and every protein
has its own staining characteristics; clean glassware,
pure reagents and water of highest purity are the key
points to successful staining.[17] Silver staining was
developed in the 14th century for colouring the sur-
face of glass. It has been used extensively for this
purpose since the 16th century. The colour pro-
duced by the early silver stains ranged between light
yellow and an orange-red. Camillo Golgi perfected
the silver staining for the study of the nervous sys-
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tem. Golgi’s method stains a limited number of cells
at random in their entirety.[18]

• Western Blotting is a process by which proteins
separated in the acrylamide gel are electrophoreti-
cally transferred to a stable, manipulable membrane
such as a nitrocellulose, nylon, or PVDFmembrane.
It is then possible to apply immunochemical tech-
niques to visualise the transferred proteins, as well
as accurately identify relative increases or decreases
of the protein of interest. For more, see Western
Blot.

3 See also
• Capillary electrophoresis

• DNA electrophoresis

• Eastern blotting

• Electroblotting

• Electrophoresis

• Fast parallel proteolysis (FASTpp) [19]

• Gel electrophoresis

• History of electrophoresis

• Isoelectric focusing

• Isotachophoresis

• Native Gel Electrophoresis

• Northern blotting

• Protein electrophoresis

• Southern blotting

• Two dimensional SDS-PAGE

• Western blotting

• Zymography
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POLYMERASE CHAIN RECTION

PCR



PCR

• DNA amplification technique.

• Repeated cycles of strand separation and 
polymerization.

• Invented by Cary Mullis in 1983.

• Performed with small amount of DNA, even a 
single molecule.

• Invention of automated                         thermo 
cyclers.



• DNA- a double stranded                                          
molecule.

• The strands are                                          
complementary.

• Each can act as template                                             
for synthesis of a                                                    
new strand

• So in each cycle amount                                                  
of DNA doubles.



• Requirements :-

– DNA to be amplified

– Primer

– DNA polymerase

– Buffer

– Deoxyribonucleic acids

– Magnesium chloride and Potassium chloride



Involves 3 steps

Step 1-Denaturation or melting of DNA

Step 2-Primer annealing

Step 3-Elongation or polymerization





Denaturation or melting of DNA

• DNA is double stranded

• There are hydrogen bonds between nitrogen 
bases of the complementary strands



• In PCR the solution heated to 90°C-100 °C for 
1-2 min

• The hydrogen bonds are broken resulting in 
two individual single strands(templates)



Primer annealing

• DNA polymerase needs a free 3’ –OH end for 
polymerization

• Primer is an oligonucleotide of 17-25 bp 
length which provide 3’ –OH group

• For this primer annealing the mixture is 
cooled to 30 °C-65 °C for less than 1min



Chain elongation or polymerization

• The mixture is heated to 60 °C-70 °C for 1 min 
or less

• DNA polymerase adds nucleotides on the 3’ –
OH of primer, complimentary to the template





• In each cycle two molecules of double 
stranded DNA is produce for each molecule of 
target DNA

• No of DNA molecule increase exponentially       
i.e. 1→2 →4 →8 → 16→32 and so on.

• After 10 cycles more than 1000 and after 20 
cycles more than a million are produced from 
a single DNA molecule



PCR machine

• Also known as Thermo cycler 

• Electronic instrument used to amplify DNA 
molecules 



• Have metallic plates with a no of wells

• The metal plates heat and cool to desired 
temperatures according to the computer 
program



• Inside the wells samples are loaded in small 
covets



Types of thermo cyclers

• Normal PCR

• Gradient PCR

• Real time PCR



• The temperature settings, the duration of  a 
particular temperature and no. of cycles can 
be set according to the requirement

• Some PCR machines provide uniform 
temperature through out the plate where as 
in some temperature can be set for each row 
of wells.



• Real time PCR makes it possible for monitoring 
the extend of amplification by reading the 
fluorescence

• This is made possible wit help of computer 
programs

• A fluorescent dye like, SYBR Green (double-
stranded DNA binding dye) is added to the 
reaction mixture 



Types of PCR

• Allele specific PCR

• Asymmetric PCR

• Hot start PCR

• Inter sequence specific PCR

• Mini primer PCR

• Quantitative PCR

• Reverse transcription PCR 



Uses of PCR

• Genetic testing
• Human Immunodeficiency Virus detection
• DNA finger printing
• Gene mapping
• Phylogeny studies and fossil studies
• Parental disputes
• DNA sequencing
• DNA cloning
• Gene expression studies



Limitations of PCR

• Requires prior knowledge of at least a part of 
sequence.

• Capacity to amplify even small amount of DNA 
– Leads to contamination

• Taq polymerase do not have the capacity to 
proof read

• Size of fragment that can be amplified is 
usually less than 2000 bp.



THANK YOU…….
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