
Western Blot 

The western blot (sometimes called the protein immunoblot), or western blotting, 
is a widely used analytical technique in molecular biology and immunogenetics to detect 
specific proteins in a sample of tissue homogenate or extract. 

In brief, the sample undergoes protein denaturation, followed by gel 
electrophoresis. A synthetic or animal-derived antibody (known as the primary antibody) 
is created that recognises and binds to a specific target protein. The electrophoresis 
membrane is washed in a solution containing the primary antibody, before excess 
antibody is washed off. A secondary antibody is added which recognises and binds to 
the primary antibody. The secondary antibody is visualised through various methods 
such as staining, immunofluorescence, and radioactivity, allowing indirect detection of 
the specific target protein. 

Other related techniques include dot blot analysis, quantitative dot 
blot, immunohistochemistry and immunocytochemistry, where antibodies are used to 
detect proteins in tissues and cells by immunostaining, and enzyme-linked 
immunosorbent assay (ELISA). 

The term "western blot" was given by W. Neal Burnette in 1981, although the 
method itself originated in 1979 in the laboratory of Harry Towbin at the Friedrich 
Miescher Institute in Basel, Switzerland. 

Applications 
The western blot is extensively used in biochemistry for the qualitative detection 

of single proteins and protein-modifications (such as post-translational modifications). At 
least 8-9% of all protein-related publications are estimated to apply western blots. It is 
used as a general method to identify the presence of a specific single protein within a 
complex mixture of proteins. A semi-quantitative estimation of a protein can be derived 
from the size and color intensity of a protein band on the blot membrane. In addition, 
applying a dilution series of a purified protein of known concentrations can be used to 
allow a more precise estimate of protein concentration. The western blot is routinely 
used for verification of protein production after cloning. It is also used in medical 
diagnostics, e.g., in the HIV test or BSE-Test. 

Procedure 
The western blot method is composed of a gel electrophoresis to separate native 

proteins by 3-D structure or denatured proteins by the length of the polypeptide, 
followed by an electrophoretic transfer onto a membrane 
(mostly PVDF or Nitrocellulose) and an immunostaining procedure to visualize a certain 
protein on the blot membrane. SDS-PAGE is generally used for the denaturing 
electrophoretic separation of proteins. SDS is generally used as a buffer (as well as in 
the gel) in order to give all proteins present a uniform negative charge, since proteins 
can be positively, negatively, or neutrally charged. This type of electrophoresis is known 
as SDS-PAGE (SDS-polyacrylamide gel electrophoresis). Prior to electrophoresis, 
protein samples are often boiled to denature the proteins present. This ensures that 
proteins are separated based on size and prevents proteases (enzymes that break 
down proteins) from degrading samples. Following electrophoretic separation, the 



proteins are transferred to a membrane (typically nitrocellulose or PVDF), where they 
are blocked with milk (or other blocking agents) to prevent non-specific antibody 
binding, and then stained with antibodies specific to the target protein. Lastly, the 
membrane will be stained with a secondary antibody that recognizes the first antibody 
staining, which can then be used for detection by a variety of methods. The gel 
electrophoresis step is included in western blot analysis to resolve the issue of 
the cross-reactivity of antibodies. 

Gel electrophoresis 
The proteins of the sample are separated using gel electrophoresis. Separation 

of proteins may be by isoelectric point (pI), 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. 

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 sulfhydryl groups [SH and SH]) and thus allows 
separation of proteins by their molecular mass. Sampled proteins become covered in 
the negatively charged SDS, effectively becoming anionic, and migrate towards the 
positively charged (higher voltage) anode (usually having a red wire) 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, which is a commercially available mixture of proteins of known 
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. Protein bands can then be compared 
to the ladder bands, allowing estimation of the protein's molecular weight. 

SDS-PAGE electrophoresis 
It is also possible to use a two-dimensional 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 a neutral net charge) in the first dimension, and according 
to their molecular weight in the second dimension. 



 

Figure: Induction of transgenic fusion protein at 37⁰C and 0.2mM IPTG. 
Induction was observed through 2 to 6 hours of incubation with gradual 
increase with increase in time. 

Transfer 
To make the proteins accessible to antibody detection, they are moved from 

within the gel onto a membrane made of nitrocellulose (NC) or polyvinylidene 
difluoride (PVDF). The most commonly used method for transferring the proteins is 
called electroblotting. Electroblotting uses an electric current to pull the negatively 
charged proteins from the gel towards the positively charged anode, and into the PVDF 
or NC 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 commonly 
used due to the lengthy procedure time. 

As a result of either transfer process, the proteins are exposed on a thin 
membrane layer for detection. Both varieties of membrane are chosen for their non-
specific protein binding properties (i.e. binds all proteins equally well). Protein binding is 
based 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 cannot withstand repeated probings. 

Total protein staining 
Total protein staining allows the total protein that has been successfully 

transferred to the membrane to be visualised, allowing the user to check the uniformity 
of protein transfer and to perform subsequent normalization of the target protein with the 
actual protein amount per lane. Normalization with the so-called "loading control" was 
based on immunostaining of housekeeping proteins in the classical procedure, but is 
heading toward total protein staining recently, due to multiple benefits. In order to avoid 
noise of signal, total protein staining should be performed before blocking of the 
membrane. Nevertheless, post-antibody stainings have been described as well. 

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 
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percentage (0.1%) of detergent such as Tween 20 or Triton X-100. Although non-fat dry 
milk is preferred due to its availability, an appropriate blocking solution is needed as not 
all proteins in milk are compatible with all the detection bands. 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, it cannot bind to the membrane, and 
therefore the only available binding site is the specific target protein. This reduces 
background in the final product of the western blot, leading to clearer results, and 
eliminates false positives. 

Incubation 
During the detection process the 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 colorimetric 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. 

Primary antibody 
The primary antibodies are generated when a host species or immune cell 

culture is exposed to the 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. 

After blocking, a solution of primary antibody (generally between 0.5 and 5 
micrograms/mL) diluted in either PBS or TBST wash buffer is incubated with the 
membrane under gentle agitation for typically an hour at room temperature, or overnight 
at 4°C. The antibody solution is incubated with the membrane for anywhere from 30 
minutes to overnight. It can also be incubated at different temperatures, with lesser 
temperatures being associated with more binding, both specific (to the target protein, 
the "signal") and non-specific ("noise"). Following incubation, the membrane is washed 
several times in wash buffer to remove unbound primary antibody, and thereby 
minimize background. Typically, the wash buffer solution is composed of buffered saline 
solution with a small percentage of detergent, and sometimes with powdered milk or 
BSA. 

Secondary antibody 
After rinsing the membrane to remove unbound primary antibody, the membrane 

is exposed to another antibody known as the secondary antibody. Antibodies come from 
animal sources (or animal sourced hybridoma cultures). The secondary antibody 
recognises and binds to the species-specific portion of the primary antibody. Therefore, 
an anti-mouse secondary antibody will bind to almost any mouse-sourced primary 
antibody, and can be referred to as an 'anti-species' antibody (e.g. anti-mouse, anti-goat 
etc.). To allow detection of the target protein, the secondary antibody is commonly 
linked to biotin or 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, allowing the detection of proteins of a much lower 
concentration than would be visible by SDS-PAGE alone. 

Horseradish peroxidase (HRP) is commonly linked to secondary antibodies to 
allow the detection of the target protein by chemiluminescence. The chemiluminscent 



substrate is cleaved by HRP, resulting in the production of luminescence. Therefore, the 
production of luminescence is proportional to the amount of HRP-conjugated secondary 
antibody, and therefore, indirectly measures the presence of the target protein. A 
sensitive sheet of photographic film is placed against the membrane, and exposure to 
the light from the reaction creates an image of the antibodies bound to the blot. A 
cheaper but less sensitive approach utilizes a 4-chloronaphthol stain with 1% hydrogen 
peroxide; the reaction of peroxide radicals with 4-chloronaphthol produces a dark purple 
stain that can be photographed without using specialized photographic film.As with 
the ELISPOT and ELISA procedures, the enzyme can be provided with a substrate 
molecule that will be converted by the enzyme to a colored reaction product that will be 
visible on the membrane. 

Another method of secondary antibody detection utilizes a near-infrared (NIR) 
fluorophore-linked antibody. The light produced from the excitation of a fluorescent dye 
is static, making fluorescent detection a more precise and accurate measure of the 
difference in the signal produced by labeled antibodies bound to proteins on a western 
blot. Proteins can be accurately quantified because the signal generated by the different 
amounts of proteins on the membranes is measured in a static state, as compared to 
chemiluminescence, in which light is measured in a dynamic state. 

One step 
Historically, the probing process was performed in two steps because of the 

relative ease of producing primary and secondary antibodies in separate processes. 
This gives researchers and corporations huge advantages in terms of flexibility, 
reduction of cost, and adds an amplification step to the detection process. Given the 
advent of high-throughput protein analysis and lower limits of detection, however, there 
has been interest in developing one-step probing systems that would allow the process 
to occur faster and with fewer consumables. This requires a probe antibody which both 
recognizes the protein of interest and contains a detectable label, probes which are 
often available for known protein tags. The primary probe is incubated with the 
membrane in a manner similar to that for the primary antibody in a two-step process, 
and then is ready for direct detection after a series of wash steps. 

Detection and visualization 
After the unbound probes are 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. 

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) 
or spectrophotometry. 

 

Figure: Western blot of transferred protein using Anti His-taq antibodies 
to confirm expression of transgenic protein  

Chemiluminescent detection 

Chemiluminescent detection methods depend 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. 

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. The importance of radioactive detections methods is declining due to its 
hazardous radiation, because 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. 

Secondary probing 
One major difference between nitrocellulose and PVDF membranes relates to 

the ability of each to support "stripping" antibodies off and reusing the membrane for 
subsequent antibody probes. While there are well-established protocols available for 
stripping nitrocellulose membranes, the sturdier PVDF allows for easier stripping, and 
for more reuse before background noise limits experiments. Another difference is that, 
unlike nitrocellulose, PVDF must be soaked in 95% ethanol, isopropanol or methanol 
before use. PVDF membranes also tend to be thicker and more resistant to damage 
during use. 

Source: Wikipedia, Ph.D Thesis of Dr. Ashutosh Sharan, Google 
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