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10.3 Electrophoresis of proteins
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Fig. 10.11 Diagrammatic representation of electroblotting. The gel to be blotted is placed on top of a
sponge pad saturated in buffer. The nitrocellulose sheet is then placed on top of the gel, followed by a second
sponge pad. This sandwich is supported between two rigid porous plastic sheets and held together with two
elastic bands. The sandwich is then placed between parallel electrodes in a buffer reservoir and an electric
current passed. The sandwich must be placed such that the immobilising medium is between the gel and
the anode for SDS—polyacrylamide gels, because all the proteins carry a negative charge.

(electroelution). A number of different designs of electroelution cells are commercially
available, but perhaps the easiest method is to seal the gel piece in buffer in a dialysis
sac and place the sac in buffer between two electrodes. Protein will electrophorese out
of the gel piece towards the appropriate electrode but will be retained by the dialysis
sac. After electroelution, the current is reversed for a few seconds to drive off any
protein that has adsorbed to the wall of the dialysis sac and then the protein solution
within the sac is recovered.

Protein (western) blotting

Although essentially an analytical technique, PAGE does of course achieve fraction-
ation of a protein mixture during the electrophoresis process. It is possible to make use
of this fractionation to examine further individual separated proteins. The first step
is to transfer or blot the pattern of separated proteins from the gel onto a sheet
of nitrocellulose paper. The method is known as protein blotting, or western blotting
by analogy with Southern blotting (Section 5.9.2), the equivalent method used to
recover DNA samples from an agarose gel. Transfer of the proteins from the gel to
nitrocellulose is achieved by a technique known as electroblotting. In this method a
sandwich of gel and nitrocellulose is compressed in a cassette and immersed, in buffer,
between two parallel electrodes (Fig. 10.11). A current is passed at right angles to the
gel, which causes the separated proteins to electrophorese out of the gel and into the
nitrocellulose sheet. The nitrocellulose with its transferred protein is referred to as a
blot. Once transferred onto nitrocellulose, the separated proteins can be examined
further. This involves probing the blot, usually using an antibody to detect a specific
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Fig. 10.12 The use of enzyme-linked second antibodies in immunodetection of protein blots. First, the
primary antibody (e.g. raised in a rabbit) detects the protein of interest on the blot. Second, enzyme-linked anti-
rabbit 1gG detects the primary antibody. Third, addition of enzyme substrate results in coloured

product deposited at the site of protein of interest on the blot.

protein. The blot is first incubated in a protein solution, for example 10% (w/v) bovine
serum albumin, or 5% (w/v) non-fat dried milk (the so-called blotto technique), which
will block all remaining hydrophobic binding sites on the nitrocellulose sheet. The
blot is then incubated in a dilution of an antiserum (primary antibody) directed
against the protein of interest. This IgG molecule will bind to the blot if it detects its
antigen, thus identifying the protein of interest. In order to visualise this interaction
the blot is incubated further in a solution of a secondary antibody, which is directed
against the IgG of the species that provided the primary antibody. For example, if the
primary antibody was raised in a rabbit then the secondary antibody would be anti-
rabbit IgG. This secondary antibody is appropriately labelled so that the interaction
of the secondary antibody with the primary antibody can be visualised on the blot.
Anti-species 1gG molecules are readily available commercially, with a choice of
different labels attached. One of the most common detection methods is to use an
enzyme-linked secondary antibody (Fig. 10.12). In this case, following treatment with
enzyme-labelled secondary antibody, the blot is incubated in enzyme-substrate solu-
tion, when the enzyme converts the substrate into an insoluble coloured product that
is precipitated onto the nitrocellulose. The presence of a coloured band therefore
indicates the position of the protein of interest. By careful comparisons of the blot
with a stained gel of the same sample, the protein of interest can be identified. The
enzyme used in enzyme-linked antibodies is usually either alkaline phosphatase,
which converts colourless 5-bromo-4-chloro-indolylphosphate (BCIP) substrate into
a blue product, or horseradish peroxidase, which, with H,0, as a substrate, oxidises
either 3-amino-9-ethylcarbazole into an insoluble brown product, or 4-chloro-1-
naphthol into an insoluble blue product. An alternative approach to the detection of
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Fig. 10.13 The use of enhanced chemiluminescence to detect horseradish peroxidase.

horseradish peroxidase is to use the method of enhanced chemiluminescence (ECL).
In the presence of hydrogen peroxide and the chemiluminescent substrate luminol
(Fig. 10.13) horseradish peroxidase oxidises the luminol with concomitant production
of light, the intensity of which is increased 1000-fold by the presence of a chemical
enhancer. The light emission can be detected by exposing the blot to a photographic
film. Corresponding ECL substrates are available for use with alkaline-phosphatase-
labelled antibodies. The principle behind the use of enzyme-linked antibodies to
detect antigens in blots is highly analogous to that used in enzyme-linked immuno-
sorbent assays (Section 7.3.1).

Although enzymes are commonly used as markers for second antibodies, other
markers can also be used. These include:

1251 labelled secondary antibody: Binding to the blot is detected by autoradiography
(Section 14.3.3).

o Fluorescein-labelled secondary antibody: The fluorescent label is detected by exposing
the blot to ultraviolet light.

125T_labelled protein A: Protein A is purified from Staphylococcus aureus and
specifically binds to the Fc region of IgG molecules. '**I-labelled protein A is therefore
used instead of a second antibody, and binding to the blot is detected by

autoradiography.

Biotinylated secondary antibodies: Biotin is a small molecular weight vitamin that
binds strongly to the egg protein avidin (K4 = 10~ "> M). The blot is incubated with
biotinylated secondary antibody, then incubated further with enzyme-conjugated
avidin. Since multiple biotin molecules can be linked to a single antibody molecule,
many enzyme-linked avidin molecules can bind to a single biotinylated antibody
molecule, thus providing an enhancement of the signal. The enzyme used is usually
alkaline phosphatase or horseradish peroxidase.
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e Quantum dots: These are engineered semiconductor nanoparticles, with diameters

10.4

10.4.1

of the order of 2—10 nm, which fluoresce when exposed to UV light. Quantum dot
nanocrystals comprise a semiconductor core of CdSe surrounded by a shell of ZnS.
This crystal is then coated with an organic molecular layer that provides water
solubility, and conjugation sites for biomolecules. Typically, therefore, second
antibodies will be bound to a quantum dot, and the position of binding of the
second antibody on the blot identified by exposing the blot to UV light.

In addition to the use of labelled antibodies or proteins, other probes are sometimes used.
For example, radioactively labelled DNA can be used to detect DNA-binding proteins
on a blot. The blot is first incubated in a solution of radiolabelled DNA, then washed,
and an autoradiograph of the blot made. The presence of radioactive bands, detected on
the autoradiograph, identifies the positions of the DNA-binding proteins on the blot.

ELECTROPHORESIS OF NUCLEIC ACIDS

Agarose gel electrophoresis of DNA

For the majority of DNA samples, electrophoretic separation is carried out in agarose
gels. This is because most DNA molecules and their fragments that are analysed
routinely are considerably larger than proteins and therefore, because most DNA
fragments would be unable to enter a polyacrylamide gel, the larger pore size of an
agarose gel is required. For example, the commonly used plasmid pBR322 has an M, of
2.4 x 10°. However, rather than use such large numbers it is more convenient to refer
to DNA size in terms of the number of base-pairs. Although, originally, DNA size was
referred to in terms of base-pairs (bp) or kilobase-pairs (kbp), it has now become the
accepted nomenclature to abbreviate kbp to simply kb when referring to double-
stranded DNA. pBR322 is therefore 4.36 kb. Even a small restriction fragment of 1kb
has an M, of 620 000. When talking about single-stranded DNA it is common to refer
to size in terms of nucleotides (nt). Since the charge per unit length (owing to the
phosphate groups) in any given fragment of DNA is the same, all DNA samples should
move towards the anode with the same mobility under an applied electrical field.
However, separation in agarose gels is achieved because of resistance to their move-
ment caused by the gel matrix. The largest molecules will have the most difficulty
passing through the gel pores (very large molecules may even be blocked completely),
whereas the smallest molecules will be relatively unhindered. Consequently the
mobility of DNA molecules during gel electrophoresis will depend on size, the smallest
molecules moving fastest. This is analogous to the separation of proteins in SDS-
polyacrylamide gels (Section 10.3.1), although the analogy is not perfect, as double-
stranded DNA molecules form relatively stiff rods and while it is not completely
understood how they pass through the gel, it is probable that long DNA molecules pass
through the gel pores end-on. While passing through the pores, a DNA molecule will
experience drag; so the longer the molecule, the more it will be retarded by each pore.
Sideways movement may become more important for very small double-stranded DNA



