Southern blot

A Southern blotis a method used in molecular biology for detection of a specific DNA
sequence in DNA samples. Southern blotting combines transfer of electrophoresis-separated
DNA fragments to a filter membrane and subsequent fragment detection by probe hybridization.

The method IS named after its inventor, the British biologist Edwin
Southern.! Other blotting methods (i.e., western blot,? northern blot, eastern blot, southwestern
blot) that employ similar principles, but using RNA or protein, have later been named in
reference to Edwin Southern's name. As the label is eponymous, Southern is capitalised, as is
conventional for proper nouns. The names for other blotting methods may follow this
convention, by analogy.?!

Method

1. Restriction endonucleases are used to cut high-molecular-weight DNA strands into
smaller fragments.

2. The DNA fragments are then electrophoresed on an agarose gel to separate them by size.

3. If alkaline transfer methods are used, the DNA gel is placed into an alkaline solution
(typically containing sodium hydroxide) to denature the double-stranded DNA. The
denaturation in an alkaline environment may improve binding of the negatively charged
thymine residues of DNA to a positively charged amino groups of membrane, separating
it into single DNA strands for later hybridization to the probe (see below), and destroys
any residual RNA that may still be present in the DNA. The choice of alkaline over
neutral transfer methods, however, is often empirical and may result in equivalent
results.

4. A sheet of nitrocellulose (or, alternatively, nylon) membrane is placed on top of (or
below, depending on the direction of the transfer) the gel. Pressure is applied evenly to
the gel (either using suction, or by placing a stack of paper towels and a weight on top of
the membrane and gel), to ensure good and even contact between gel and membrane. If
transferring by suction, 20X SSC buffer is used to ensure a seal and prevent drying of the
gel. Buffer transfer bycapillary action from a region of high water potential to a region of
low water potential (usually filter paper and paper tissues) is then used to move the DNA
from the gel onto the membrane; ion exchange interactions bind the DNA to the
membrane due to the negative charge of the DNA and positive charge of the membrane.

5. The membrane is then baked in a vacuum or regular oven at 80 °C for 2 hours (standard
conditions; nitrocellulose or nylon membrane) or exposed toultraviolet radiation (nylon
membrane) to permanently attach the transferred DNA to the membrane.

6. The membrane is then exposed to a hybridization probe—a single DNA fragment with a
specific sequence whose presence in the target DNA is to be determined. The probe
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DNA is labelled so that it can be detected, usually by incorporating radioactivity or
tagging the molecule with a fluorescent or wchromogenic dye.

7. After hybridization, excess probe is washed from the membrane (typically using SSC
buffer), and the pattern of hybridization s visualized on X-rayfilm by
autoradiography in the case of a radioactive or fluorescent probe, or by development of
color on the membrane if a chromogenic detection method is used.
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Hybridization of the probe to a specific DNA fragment on the filter membrane indicates that this
fragment contains DNA sequence that is complementary to the probe. The transfer step of the
DNA from the electrophoresis gel to a membrane permits easy binding of the labeled
hybridization probe to the size-fractionated DNA. It also allows for the fixation of the target-
probe hybrids, required for analysis by autoradiography or other detection methods. Southern
blots performed with restriction enzyme-digested genomic DNA may be used to determine the
number of sequences (e.g., gene copies) in a genome. A probe that hybridizes only to a single
DNA segment that has not been cut by the restriction enzyme will produce a single band on a
Southern blot, whereas multiple bands will likely be observed when the probe hybridizes to
several highly similar sequences (e.g., those that may be the result of sequence duplication).
Modification of the hybridization conditions (for example, increasing the hybridization
temperature or decreasing salt concentration) may be used to increase specificity and decrease
hybridization of the probe to sequences that are less than 100% similar.
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Northern blot

The northern blot is a technique used in molecular biology research to study gene expression by
detection of RNA (or isolated mRNA) in a sample.!1?!

With northern blotting it is possible to observe cellular control over structure and function by
determining the particular gene expression levels during differentiation, morphogenesis, as well
as abnormal or diseased conditions.!®! Northern blotting involves the use of electrophoresis to
separate RNA samples by size and detection with a hybridization probe complementary to part of
or the entire target sequence. The term 'northern blot' actually refers specifically to the capillary
transfer of RNA from the electrophoresis gel to the blotting membrane. However, the entire
process is commonly referred to as northern blotting.[*! The northern blot technique was
developed in 1977 by James Alwine, David Kemp, and George Stark at Stanford
University."®! Northern blotting takes its name from its similarity to the first blotting technique,
the Southern blot, named for biologist Edwin Southern.!! The major difference is that RNA,
rather than DNA, is analyzed in the northern blot.®
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Procedure

A general blotting procedure!® starts with extraction of total RNA from a homogenized tissue
sample or from cells. Eukaryotic mRNA can then be isolated through the use of oligo (dT)
cellulose chromatography to isolate only those RNAs with a poly(A) tail.l""® RNA samples are
then separated by gel electrophoresis. Since the gels are fragile and the probes are unable to enter
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the matrix, the RNA samples, now separated by size, are transferred to a nylon membrane
through a capillary or vacuum blotting system.
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Transfer buffer

A nylon membrane with a positive charge is the most effective for use in northern blotting since
the negatively charged nucleic acids have a high affinity for them. The transfer buffer used for
the blotting usually contains formamide because it lowers the annealing temperature of the
probe-RNA interaction, thus eliminating the need for high temperatures, which could cause RNA
degradation.®! Once the RNA has been transferred to the membrane, it is immobilized through
covalent linkage to the membrane by UV light or heat. After a probe has been labeled, it is
hybridized to the RNA on the membrane. Experimental conditions that can affect the efficiency
and specificity of hybridization include ionic strength, viscosity, duplex length, mismatched base
pairs, and base composition.™ The membrane is washed to ensure that the probe has bound
specifically and to prevent background signals from arising. The hybrid signals are then detected
by X-ray film and can be quantified bydensitometry. To create controls for comparison in a
northern blot samples not displaying the gene product of interest can be used after determination
by microarrays or RT-PCR.!%

Gels

The RNA samples are most commonly separated on agarose gels containing formaldehyde as a
denaturing agent for the RNA to limit secondary structure.™™M™ The gels can be stained
with ethidium bromide (EtBr) and viewed under UV light to observe the quality and quantity of
RNA before blotting.*? Polyacrylamide gel electrophoeresis with urea can also be used in RNA
separation but it is most commonly used for fragmented RNA or microRNAs.

Probes

Probes for northern blotting are composed of nucleic acids with a complementary sequence to all
or part of the RNA of interest, they can be DNA, RNA, or oligonucleotides with a minimum of
25 complementary bases to the target sequence.l'RNA probes (riboprobes) that are transcribed
in vitro are able to withstand more rigorous washing steps preventing some of the background
noise.™™ Commonly cDNA is created with labelled primers for the RNA sequence of interest to
act as the probe in the northern blot.™ The probes must be labelled either with radioactive
isotopes  (**P) or with chemiluminescence in  which alkaline ~phosphatase or horseradish
peroxidase break down chemiluminescent substrates producing a detectable emission of
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light.™ The chemiluminescent labelling can occur in two ways: either the probe is attached to
the enzyme, or the probe is labelled with a ligand (e.g. biotin) for which the antibody
(e.g., avidin or streptavidin) is attached to the enzyme.l'” X-ray film can detect both the
radioactive and chemiluminescent signals and many researchers prefer the chemiluminescent
signals because they are faster, more sensitive, and reduce the health hazards that go along with
radioactive labels.'™™ The same membrane can be probed up to five times without a significant
loss of the target RNA.!

Advantages and disadvantages

Analysis of gene expression can be done by several different methods including RT-PCR, RNase
protection assays, microarrays, serial analysis of gene expression (SAGE), as well as northern
blotting.*I*! Microarrays are quite commonly used and are usually consistent with data obtained
from northern blots; however, at times northern blotting is able to detect small changes in gene
expression that microarrays cannot.”*®! The advantage that microarrays have over northern blots
is that thousands of genes can be visualized at a time, while northern blotting is usually looking
at one or a small number of genes. /261128l

A problem in northern blotting is often sample degradation by RNases (both endogenous to the
sample and through environmental contamination), which can be avoided by proper sterilization
of glassware and the use of RNase inhibitors such as DEPC (diethylpyrocarbonate).! The
chemicals used in most northern blots can be a risk to the researcher, since formaldehyde,
radioactive material, ethidium bromide, DEPC, and UV light are all harmful under certain
exposures.™® Compared to RT-PCR, northern blotting has a low sensitivity, but it also has a high
specificity, which is important to reduce false positive results.™*”’

The advantages of using northern blotting include the detection of RNA size, the observation of
alternate splice products, the use of probes with partial homology, the quality and quantity of
RNA can be measured on the gel prior to blotting, and the membranes can be stored and
reprobed for years after blotting.!*"!

Western blot

The western blot (sometimes called the protein immunoblot) is a widely used analytical
technique used to detect specific proteins in a sample of tissue homogenate or extract. It uses gel
electrophoresis to separate native proteins by 3-D structure or denatured proteins by the length of
the polypeptide. The proteins are then transferred to a membrane (typically
nitrocellulose or PVDF), where they are stained with antibodies specific to the target
protein.!? The gel electrophoresis step is included in western blot analysis to resolve the issue
of the cross-reactivity of antibodies.
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There are many reagent companies that specialize in providing antibodies
(both monoclonal and polyclonal antibodies) against tens of thousands of different
proteins.®! Commercial antibodies can be expensive, although the unbound antibody can be
reused between experiments.

Steps
e Tissue preparation

Samples can be taken from whole tissue or from cell culture. Solid tissues are first broken down
mechanically using a blender (for larger sample volumes), using ahomogenizer (smaller
volumes), or by sonication. Cells may also be broken open by one of the above mechanical
methods. However, virus or environmental samples can be the source of protein and thus western
blotting is not restricted to cellular studies only.

Assorted detergents, salts, and buffers may be employed to encourage lysis of cells and to
solubilize proteins. Protease and phosphatase inhibitors are often added to prevent the digestion
of the sample by its own enzymes. Tissue preparation is often done at cold temperatures to
avoid protein denaturing and degradation.

A combination of biochemical and mechanical techniques — comprising various types of
filtration and centrifugation — can be used to separate different cell compartments and organelles.
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e Gel electrophoresis

The proteins of the sample are separated using gel electrophoresis. Separation of proteins may be
by isoelectric point (pl), molecular weight, electric charge, or a combination of these factors. The
nature of the separation depends on the treatment of the sample and the nature of the gel. This is
a very useful way to identify a protein.

By far the most common type of gel electrophoresis employs polyacrylamide gels and buffers
loaded  with sodium  dodecyl sulfate (SDS). SDS-PAGE (SDS  polyacrylamide  gel
electrophoresis) maintains polypeptides in a denatured state once they have been treated with
strong reducing agents to remove secondary and tertiary structure (e.g. disulfide bonds [S-S] to
sulfthydryl groups [SH and SH]) and thus allows separation of proteins by their molecular
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weight. Sampled proteins become covered in the negatively charged SDS and move to the
positively charged electrode through the acrylamide mesh of the gel. Smaller proteins migrate
faster through this mesh and the proteins are thus separated according to size (usually measured
in kilodaltons, kDa). The concentration of acrylamide determines the resolution of the gel - the
greater the acrylamide concentration, the better the resolution of lower molecular weight
proteins. The lower the acrylamide concentration, the better the resolution of higher molecular
weight proteins. Proteins travel only in one dimension along the gel for most blots.

Samples are loaded into wells in the gel. One lane is usually reserved for a marker or ladder, a
commercially available mixture of proteins having defined molecular weights, typically stained
so as to form visible, coloured bands. When voltage is applied along the gel, proteins migrate
through it at different speeds dependent on their size. These different rates of advancement
(different electrophoretic mobilities) separate into bands within each lane.
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It is also possible to use a two-dimensional (2-D) gel which spreads the proteins from a single
sample out in two dimensions. Proteins are separated according to isoelectric point (pH at which
they have neutral net charge) in the first dimension, and according to their molecular weight in
the second dimension.

e Transfer

In order to make the proteins accessible to antibody detection, they are moved from within the
gel onto a membrane made of nitrocellulose or polyvinylidene difluoride(PVDF). The primary
method for transferring the proteins is called electroblotting and uses an electric current to pull
proteins from the gel into the PVDF or nitrocellulose membrane. The proteins move from within
the gel onto the membrane while maintaining the organization they had within the gel. An older
method of transfer involves placing a membrane on top of the gel, and a stack of filter papers on
top of that. The entire stack is placed in a buffer solution which moves up the paper by capillary
action, bringing the proteins with it. In practice this method is not used as it takes too much time;
electroblotting is preferred. As a result of either "blotting" process, the proteins are exposed on a
thin surface layer for detection (see below). Both varieties of membrane are chosen for their non-
specific protein binding properties (i.e. binds all proteins equally well). Protein binding is based
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upon hydrophobic interactions, as well as charged interactions between the membrane and
protein. Nitrocellulose membranes are cheaper than PVDF, but are far more fragile and do not
stand up well to repeated probings.
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e Blocking

Since the membrane has been chosen for its ability to bind protein and as both antibodies and the
target are proteins, steps must be taken to prevent the interactions between the membrane and the
antibody used for detection of the target protein. Blocking of non-specific binding is achieved by
placing the membrane in a dilute solution of protein - typically 3-5% Bovine serum
albumin (BSA) or non-fat dry milk (both are inexpensive) in Tris-Buffered Saline (TBS) or I-
Block, with a minute percentage (0.1%) of detergent such as Tween 20 or Triton X-100. The
protein in the dilute solution attaches to the membrane in all places where the target proteins
have not attached. Thus, when the antibody is added, there is no room on the membrane for it to
attach other than on the binding sites of the specific target protein. This reduces "noise™ in the
final product of the western blot, leading to clearer results, and eliminates false positives.

e Detection

membrane is "probed" for the protein of interest with a modified antibody which is linked to a
reporter enzyme; when exposed to an appropriate substrate, this enzyme drives a colourimetric
reaction and produces a color. For a variety of reasons, this traditionally takes place in a two-step
process, although there are now one-step detection methods available for certain applications.

Two steps

Primary antibody

The primary antibodies are generated when a host species or immune cell culture is exposed to
protein of interest (or a part thereof). Normally, this is part of the immune response, whereas
here they are harvested and used as sensitive and specific detection tools that bind the protein
directly.
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After blocking, a dilute solution of primary antibody (generally between 0.5 and 5
micrograms/mL) is incubated with the membrane under gentle agitation. Typically, the solution
is composed of buffered saline solution with a small percentage of detergent, and sometimes
with powdered milk or BSA. The antibody solution and the membrane can be sealed and
incubated together for anywhere from 30 minutes to overnight. It can also be incubated at
different temperatures, with higher temperatures being associated with more binding, both
specific (to the target protein, the "signal™) and non-specific ("noise").

Secondary antibody

After rinsing the membrane to remove unbound primary antibody, the membrane is exposed to
another antibody, directed at a species-specific portion of the primary antibody. Antibodies come
from animal sources (or animal sourced hybridoma cultures); an anti-mouse secondary will bind
to almost any mouse-sourced primary antibody, which allows some cost savings by allowing an
entire lab to share a single source of mass-produced antibody, and provides far more consistent
results. This is known as a secondary antibody, and due to its targeting properties, tends to be
referred to as "anti-mouse,"” "anti-goat," etc. The secondary antibody is usually linked to biotin or
to a reporter enzyme such as alkaline phosphatase or horseradish peroxidase. This means that
several secondary antibodies will bind to one primary antibody and enhance the signal.
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washed away, the western blot is ready for detection of the probes that are labeled and bound to
the protein of interest. In practical terms, not all westerns reveal protein only at one band in a
membrane. Size approximations are taken by comparing the stained bands to that of the marker
or ladder loaded during electrophoresis. The process is commonly repeated for a structural
protein, such as actin or tubulin, that should not change between samples. The amount of target
protein is normalized to the structural protein to control between groups. A superior strategy is
the normalization to the total protein visualized with
trichloroethanol®™! or epicocconone.™This practice ensures correction for the amount of total
protein on the membrane in case of errors or incomplete transfers.
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Colorimetric detection

The colorimetric detection method depends on incubation of the western blot with a substrate
that reacts with the reporter enzyme (such as peroxidase) that is bound to the secondary antibody.
This converts the soluble dye into an insoluble form of a different color that precipitates next to
the enzyme and thereby stains the membrane. Development of the blot is then stopped by
washing away the soluble dye. Protein levels are evaluated through densitometry (how intense
the stain is) orspectrophotometry.

Chemiluminescent detection

on incubation of the western blot with a substrate that will luminesce when exposed to the
reporter on the secondary antibody. The light is then detected by CCD cameras which capture a
digital image of the western blot or photographic film. The use of film for western blot detection
is slowly disappearing because of non linearity of the image (non accurate quantification). The
image is analysed by densitometry, which evaluates the relative amount of protein staining and
quantifies the results in terms of optical density. Newer software allows further data analysis
such as molecular weight analysis if appropriate standards are used.

Image Station

Radioactive detection

Radioactive labels do not require enzyme substrates, but rather, allow the placement of medical
X-ray film directly against the western blot, which develops as it is exposed to the label and
creates dark regions which correspond to the protein bands of interest (see image to the right).
The importance of radioactive detections methods is declining due to its hazardous
radiation!caton needed] “hocause it is very expensive, health and safety risks are high, and ECL
(enhanced chemiluminescence) provides a useful alternative.

Fluorescent detection

The fluorescently labeled probe is excited by light and the emission of the excitation is then
detected by a photosensor such as a CCD camera equipped with appropriate emission filters
which captures a digital image of the western blot and allows further data analysis such as
molecular weight analysis and a quantitative western blot analysis. Fluorescence is considered to
be one of the best methods for quantification but is less sensitive than chemiluminescence.
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