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Abstract

The Western blot technique, also called immunoblotting, is a high-sensitivity and semi-quantitative 
molecular technique that allows the analysis of a specific protein or protein profile. This is a 
technique for separating proteins according to their charge and molecular weight in polyacrylamide 
gels and their subsequent transference to a solid membrane, in which a specific antibody detects 
the protein. Four decades after its creation, the Western blot technique has gained an essential role 
in the diagnosis of various medical conditions, as well as an everyday tool in biomedical research.

Resumen

La inmunotransferencia de proteínas, o Western blot, es una técnica molecular semicuantitativa 
de alta sensibilidad que permite la inmunodetección específica de una proteína o perfil de 
proteínas. Esta técnica se basa en la separación de proteínas de acuerdo con su carga y peso 
molecular en geles de poliacrilamida y su posterior transferencia a una membrana sólida, en 
la que un anticuerpo específico detecta la proteína de interés. Cuatro décadas después de 
su creación, la técnica de Western blot ha ganado un papel importante en el diagnóstico de 
varias condiciones médicas, además de constituir una herramienta de cada día en la inves-
tigación biomédica.
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Introduction

The Western blot (WB) analysis is an analytical 
technique used to detect proteins. The technique is 
based on the separation of proteins by molecular weight 
(MW) and electric charge using a gel electrophoresis. 
Afterwards, the proteins are transferred to a synthetic 
membrane and they are exposed to antibodies of 
interest (primary antibodies). Most of the time, the 
primary antibody must be coupled to a second antibody 

attached to a developer that identifi es the protein of 
interest (Figure 1A).1-3 The WB emerged in 1970, when 
Ulrich Laemmli used the principle of molecule separation 
through an electrical gradient using polyacrylamide gels. 
At the end of this decade, Towbin (1979) described 
the transfer of proteins from polyacrylamide-urea gels 
to nitrocellulose sheets, being Burnette two years 
later, who employed the term Western blot (WB) for 
the technique using polyacrylamide gels and sodium 
dodecyl sulfate (SDS-PAGE).4-7 Nowadays, the WB 
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has become a key technique in the biomedical fi eld 
for diagnosing infectious, autoimmune, rheumatic and 
oncologic diseases.3,4,8 This review is centralized in 
describe and analyze the main characteristics of the WB 
and the importance of this technic in the biomedical fi eld.

Cell lysis to extract protein

The WB is a versatile technique that detects proteins 
from animal and herbal tissues, cell cultures, bacteria 
and yeast. In order to obtain trustworthy results, a good 
protein extraction is required, which can be performed 
by mechanical and chemical methods. Within the 
mechanical methods, the most used are sonication, 
homogenization using abrasives, and disintegration 
with glass or metallic beads.9 The chemical methods 
include the use of buffers capable of solubilizing the 
proteins, since they contain ionic detergents such 
as sodium dodecyl sulfate (SDS), deoxycholate and 
cetyl trimethylammonium bromide (CTAB). It is also 
possible to use other detergents, such as non-ionic 
or zwitterionic chemicals, and the choice depends on 
the speed of the lytic effect, as well as the extraction 
effi ciency desired. For example, SDS can lyse cells in 
seconds, but it can denature the proteins. Triton X-100 
is a non-ionic detergent that can lyse cells smoothly 

and slowly, avoiding protein denaturation and protein 
complex breakdown; this method is recommended for 
assays involving protein structure or protein activity. 
The zwitterionic detergents,-like 3 [(3-cholamidopropyl) 
dimethylammonium] -1-propanesufonate can be 
used without affecting the net charge or the charge 
of the solubilized protein. One of the most widely 
used buffers for its effi ciency solubilizing proteins 
is radioimmunoprecipitation assay (RIPA), which 
contains 50 mM Tris-HCl pH 7.5, 150 mM NaCl, 
1% Triton X-100, 0.5% sodium deoxycholate, 0.1% 
SDS, 5 mM EDTA, and a commercial inhibitor of 
proteases.10 In HT-29, the colon cancer cell line, this 
reagent has showed a high effi ciency solubilizing 
cytoplasmic proteins.11 Besides RIPA, there are buffers 
for extracting cytoplasmic proteins, such as Tris-Triton 
(10 mM Tris pH 7.4, 100 mM NaCl, 1 mM EDTA, 1 mM 
EGTA, 1% Triton X-100, 10% glycerol, 0.1% SDS, 
0.5% deoxycholate) and the 20 mM Tris-HCl pH 7.5 for 
cytoplasmic proteins. The purpose of using lysis-buffer 
solutions supplemented with proteases inhibitors is to 
maintain the protein structures. Finally, after the lysis 
process, the sub-cellular fractions are separated trough 
differential centrifugations, at the end; it is possible to 
obtain membrane proteins in the pellet and soluble 
proteins in the supernatant.4,12
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  through electrophoresis and the gel to a synthetic membrane, incubated with with the secondary antibody coupled
  it’s verify with Coomassie blue migration is confirmed by red the primary antibody to a peroxidase or phosphatase enzyme
   ponceau  that will reveal the protein of interest
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Molecular weight 
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Figure 1.

(A) The steps of the western 
blot. a) Loading the protein 
into the gel, separation by 
electrophoresis, transfer and 
immunomarking . (B) The 
protein sample is loaded 
using a micropipette for 
precision (20-40 μg). (C) 
The separated proteins are 
visualized with a tracking 
dye (bromophenol blue) and 
molecular weight marker.
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Protein quantification

Before performing the electrophoresis, the protein 
content needs to be quantifi ed in order to homogenize 
the amount deposited in the well of the gel and to 
determine the protein concentration. A large amount 
of protein can saturate the immunodetection and yield 
unspecifi c results.13

There are different methods to quantify proteins. 
The most used are Lowry, Bradford and bicinchoninic 
acid (BCA). These colorimetric assays are based on 
the color change when some protein amino acids react 
to different reagents.13,14

LOWRY PROTEIN ASSAY

This method is characterized by the use of Follin 
reagent and copper, it is detected in a wavelength of 
750 nm, and the color intensity is based on the protein 
concentration.15

BRADFORD PROTEIN ASSAY

This method uses Coomasie Brilliant Blue dye, which 
reacts in the presence of proteins, and the color change 
is detected in the wavelength range of 465-595 nm.15

BICINCHONINIC ACID ASSAY

The protein assay with bicinchoninic acid (BCA) is 
highly sensitive and combines the reaction of proteins 
with Cu2+ ions in an alkaline method in the presence of 
a reagent that detects Cu+ ions with a high sensitivity, 
known as BCA. Its variation is minimum. It has been 
reported that the macromolecular structure of the 
protein and four specifi c peptides (cysteine, cysteine, 
tryptophan and tyrosine) are responsible for the change 
in color in the samples into a purple hue that can be 
detected at a wavelength of 562 nm.14,15

The electrophoresis gels

Several methods have been used to separate proteins, 
most notably those involving cellulose acetate paper, 
a starch gel that improved the resolution, but did not 
provide control over the pore size. More recently, 
polyacrylamide gels are used to control the pore size 
thanks to the regulation of acrylamide (referred to as 
% T) and bisacrylamide (referred as % C) percentage. 
With a higher percentage of acrylamide (10-20% 
T), the pore size is reduced and the gel is optimal 
for separating low molecular weight proteins (less 

than 50 kDa), whereas gels with a lower percentage 
of acrylamide (< 10% T) are recommended for 
separating higher molecular weight proteins (greater 
than 100 kDa).16-18 Adding ammonium persulfate and 
tetramethylethylenediamine (TEMED) generates free 
radicals that accelerate the acrylamide polymerization. 
The versatility of the running buffers for polyacrylamide 
gels provides a fast method to separate proteins in 
order to identify them.18

Types of gels

Protein separation through polyacrylamide gels can 
be performed under naive or denaturing conditions. 
The non-denaturing polyacrylamide gels (ND-PAGE) 
keep the protein structure in a tridimensional shape 
and the separation is based on the electric charge, 
size and shape. In order to maintain the protein 
structure, a non-reductive, non-denaturant buffer 
solution is used, such as tri-glycine within a pH 
range between 8.3 and 9.5, or tris-borate at a pH of 
7.0 to 8.5, and tris-acetate with a pH of 7.2 to 8.5.19 
In contrast, in the denaturing polyacrylamide gels 
(SDS-PAGE), the protein structures are dissociated in 
peptides using a combination of an anionic detergent 
(SDS), a reducing agent (beta-mercaptoethanol), 
and heat. SDS binds and provides negative charge 
to proteins and breaks the hydrophobic interactions, 
whereas beta-mercaptoethanol and the heat break 
the disulfi de bridges (Cys-S-S-Cys) and thiol groups 
(Cys-SH) present in the polypeptide chains, ensuring 
protein dissociation (Figure 2A).4,16,18,20 Once the gel is 
polymerized, a suitable concentration of protein (20-
40 μg) is deposited in the well created with the comb 
(10-15 well) (Figure 1B). Protein supernatant volume 
and concentration can depend on the well capitation 
and thickness (0.75-1.5 mm).21

Discontinuous and continuous buffer systems

Depending on the type of buffers, there are two 
electrophoresis systems, the continuous buffer system 
of Weber and Osborn, in which the same running buffer 
is used in the single separator gel and the tank, and 
the discontinuous buffer or Laemmli system, which 
employs two types of gels: a «stacking gel» (large-
pore) made with 4% of acrylamide and a «resolving 
gel» (small-pore) that polymerizes on the stacking gel. 
In the discontinuous system, the buffers used in each 
gel are made is different with different pH and ionic 
strength, and the running buffer employed is a different 
one. The most widely used is the discontinuous system, 
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where protein mobility in the stacking gel is mediated 
by the chloride ions (Cl-) in the gel and the glycine ion 
(Gly-) in the sample buffer, resulting in a zone with 
low conductivity and voltage difference that favors 
the protein concentration before the transfer to the 
resolving gel, where the basic pH promotes glycine 
ionization for migration along the gel and favors protein 
separation based on the size.22

Sample preparation

Before carrying out the electrophoresis, the samples 
are heated in a temperature range between 70-95 oC 
in a buffer known as «loading buffer», which has the 
purpose of providing weight, density and color to the 
sample in order to allow for the sample to load into the 
well and avoid any leakages. This buffer contains 62.5 
mM of Tris-HCl at a pH of 6.8, 2% SDS, 10% glycerol, 
100 mM dithiothreitol (DTT) and 0.01% bromophenol 
blue. Among these components, DTT or beta-
mercaptoethanol are the reducing agents that break 
the disulfi de bonds. On the other hand, SDS allows the 
denaturation of proteins into a primary structure and 
covers them with a negative charge, making it possible 
to separate the proteins based on their molecular 
weight. Additionally, the reduction and denaturation 
allows for the antibody to reach its union site.22

In the gel, proteins with a lower molecular weight 
(MW) migrate to the bottom and those with a higher 
MW stand in the top of the gel. The protein migration 
throughout the gel can be observed thanks to the 

bromophenol blue dye besides the protein molecular 
weight marker. The last one helps mainly to identify 
the protein of interest because this marker contains 
purifi ed proteins with different MW (Figure 1C).4,16,17,23,24

Transfer of proteins to the membrane

In this technique, proteins must be transferred to a 
resistant solid support, like a membrane, so they can 
easily be handled and used in the immunodetection 
process with specifi c antibodies.25

The transfer principle is similar to the polyacrylamide 
gel electrophoresis, i.e., negatively charged proteins 
migrate towards the positive electrode under the 
infl uence of an electric fi eld.

The membrane is interposed between the gel and 
the positive electrode (Figure 2B), and the proteins are 
retained in the membrane with the same distribution 
they had in the gel. The transfer can be performed 
through one of two systems: semi-dry or wet. Both 
systems are characterized by the close contact 
between the gel and the membrane, but the wet 
process requires a higher volume of transfer buffer 
and longer exposure in lower temperature (2-12 h at 
4 oC) compared to the semi-dry system (7-30 min at 
room temperature).22,25

In both types of transference, the use of different 
buffers is recommended, such as Tris-glycine in a 
range of several concentrations at a pH of 8.3-9.2 
and SDS (0.025-0.1%), with or without 20% methanol, 
bicarbonate buffer with at a pH of 9.9, SDS (0.025-

Figure 2.

Denaturation and transfer. 
(A) Protein cleavage requires 
an anionic detergent, SDS, to 
provide them with a negative 
charge, beta-mercaptoethanol, 
and high temperature to break 
the disulfide bonds of the 
polypeptide chains. (B) The 
transfer takes place from the 
negatively charged proteins 
in the gel to the membrane 
following the same distribution 
from the gel.
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0.1%) and 1x TBE (Tris-borate 90 mM, EDTA 1 mM). 
The Tris-glycine buffer, pH 8.3, containing SDS at 0.1% 
with methanol at 20% is the most widely used buffer, 
especially because it is the universal buffer without 
methanol for the SDS-PAGE gel. The methanol has 
two main roles: triggering the dissociation of SDS to 
the protein and drastically improving the adsorption of 
proteins in the membranes in the presence of SDS. 
However, these effects may vary among proteins.26

The supports that are frequently used in the transfer 
are microporous surfaces, such as nitrocellulose 
membranes or polyvinylidene difluoride (PVDF), 
which provide different features that affect the 
result.16,25 These membranes should have important 
properties, such as a high binding capacity, ease 
of storage of immobilized molecules in the short 
and long term, and reproducibility.22,26 The PVDF 
membrane is stronger and provides better binding to 
the protein, unlike nitrocellulose. Nevertheless, the 
nitrocellulose membrane provides less background 
noise. In comparison to the nitrocellulose membranes, 
the PVDF membranes need to be moistened in 
methanol or ethanol before using them due to their 
highly hydrophobic nature, and they do not have any 
surfactant. Recently, in order to reduce the background 
noise, membranes of low autofl uorescence are used.3,17

Immunodetection

Once the proteins are retained in the solid phase 
(membrane), the non-specifi c and empty sites in the 
membrane are blocked. The most widely used blocking 
agents include those that contain proteins because 
they can bind to the empty sites on the membrane. This 
reduces the background noise because the antibody 
added can only bind to the sites of the proteins in 
question. Some protein-containing blocking agents 
include horse or fetal calf serum and Tween-20 (a 
detergent) if there is so much background. However, 

non-ionic detergents should be used carefully, since 
they can solubilize the proteins transferred to the 
membrane. Nonetheless, non-fat milk and bovine 
serum albumin (BSA) are the most widely used. Non-
fat milk has a sub-optimal behavior in the analysis of 
phosphorylated proteins because it contains casein, 
a phosphoprotein that may compete for the antibody 
target, thus reducing the intensity of a non-specifi c 
signal.11

The previously blocked membranes are incubated 
with the primary specifi c antibody of the protein of 
interest. The antibodies used in WB can be polyclonal 
antibodies that recognize several regions of the antigen 
or monoclonal antibodies that recognize a single region 
of the antigen, as shown in fi gure 3.16

Most of the time, the primary antibody is not coupled 
to any developing agent. Therefore, incubation is 
required afterwards with a secondary antibody. The 
secondary antibodies bind to the primary antibodies 
that are not bound to antigens, and they are selected 
depending on the species in which the antibody is 
made primary.17

Immunodetection of proteins

CHEMILUMINESCENT IMMUNODETECTION

Immunodection by chemiluminescence uses 
peroxidase or phosphatase enzymes coupled to 
a secondary antibody that radiates energy in the 
form of light generated by a reaction of luminescent 
compounds (luminol). This allows for the detection of 
the antigen-antibody binding (Figures 4A and 4B). The 
light reaction is developed in autoradiographic fi lm, 
and more recently, it is digitally captured using a digital 
camera to identify the protein of interest.16

The sensit ivity of the chemiluminescence 
immunodetection technique depends on the linearity 
of the detection, which generally is present in loads 
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Figure 3.

Recogn i t i on  d i f f e r ence 
of primary antibody. (A) 
Monoc lona l  an t i bod i e s 
recognize a region of the 
an t i gen .  (B )  Po l yc lona l 
antibodies recognize several 
antigenic regions.

Monoclonal antibodies
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lower than 5 μg.27,28 The signal saturation is directly 
related to the protein expression, considering this 
immunodetection method as «semi-quantitative», 
since the saturation point in the signal is a critical 
factor for determining the differences in the expression 
levels of the samples and could lead to inaccurate 
measurements.28 The captured image allows the pixels 
quantifi cation of each band that were obtained through 
a densitometric analysis, using the analysis software 
included in digital systems (Figures 4C and 4D).7,16,17,29

IMMUNODETECTION WITH FLUORESCENCE

Recently, a fl uorescent immunodetection method has 
been proposed, in which secondary antibodies couple 
to a fl uorescent marker or fl uorophore and emit light 
when they are excited, creating a lineal-detection signal 

(Figures 5A and 5B). A digital camera with fi lters of 
different wavelengths detects the emitted light. Similar 
to the images revealed by the chemiluminescence 
technique, the images captured are analyzed with 
the same principle. However, the result is quantitative 
because of the signal stability, in contrast to the 
chemiluminescence immunodetection method (Figures 
5C to 5E).1,28,29

WESTERN BLOT APPLICATIONS IN THE BIOMEDICAL FIELD

In the clinical fi eld, the WB technique serves as a 
diagnostic method for various infectious, autoimmune, 
and oncological diseases.16,17,30  This technique is one of 
the most important tools used in medical research. In 
the infectious diseases area, protein detection through 
WB supports the diagnosis of various diseases, like 
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Figure 4.

L u m i n e s c e n t 
Immunodetec t ion .  (A) 
Immunodetection carried 
out with a luminescent 
compound (luminol). (B) The 
reaction between peroxidase 
or phosphatase and luminol 
emits light, allowing for the 
antigen-antibody detection. 
(C)  The dens i tometr ic 
analysis determines the 
molecular weight and (D) 
the number of pixels on the 
band of interest.
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visceral leishmaniasis, where the strain of the parasite 
causing the disease can be identifi ed using the WB.31 
In the diagnosis of congenital toxoplasmosis, WB has 
allowed for the identifi cation of proteins involved in the 

immune response against the toxoplasma parasite.32,33 
The WB has been used as a diagnostic test for Lyme 
disease (caused by the bacterium Borrelia burgdorferi) 
transmitted to humans through the bite of an infected 
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Figure 5.

F l u o r e s c e n t 
i m m u n o d e t e c t i o n . 
( A )  F l u o r e s c e n t 
immunodetection performed 
with secondary antibodies 
coupled to a fluorophore. 
(B)  When excited, the 
f luorophore emits l ight 
for detecting the antigen-
antibody interaction. (C) The 
immunofluorescence images 
allow for the individual 
analysis of a protein in its 
phosphorylated form, as well 
as (D) the full analysis (E) 
together (merge).
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blacklegged tick, and it is used to identify a protein 
array characteristic of the bacteria in serum.34-37

Moreover, the WB analysis of serum samples 
of patients with melioidosis also called Whitmore’s 
disease (caused Burkholderia pseudomallei) has been 
able to characterize the bacterium proteins causing 
the disease.38

The WB has been used to confi rm the diagnosis of 
pulmonary tuberculosis, identifying the mycobacterial 
antigens characterist ic of M. tuberculosis .39 

Additionally, the WB has been considered a high-
sensitivity diagnostic test for detecting congenital 
syphilis in samples of asymptomatic children.40 
The WB has served as a 100% reliable test to 
diagnose the herpes virus infection, detecting 22 
serum samples with the virus out of a total of 27.41 
The WB has proven to be a non-invasive and highly 
sensitive diagnostic test detecting 47.8% of patients 
with duodenal ulcer caused by Helicobacter pylori.42 
In the hydatid disease caused by the cestode 
Echinococcus granulosus, the WB has been able 
to detect specifi c antibodies for proteins of 39 and 
42 kDa in 96% of patients with hydatid disease.43 
Recently, this technique has been established as 
a pre and postsurgical diagnostic test for detecting 
hydatid cysts because of its demonstrated high 
sensitivity of 100%.44

The WB has been used to identify proteins in 
synovial fl uid and serum, allowing for the diagnosis 
of clinical symptoms of rheumatoid arthritis and 
osteoarthritis.45-47

Wang et al. (2011) used the WB to determine the 
expression levels of the follistatin-like protein 1 (FSTL1) 
as a possible biomarker of damage in the articular level 
in patients with knee osteoarthritis, since it is involved in 
the prevention of mechanisms of articular degradation 
in vivo and in vitro models. Their fi ndings revealed a 
relationship between the overexpression of FSTL 1 
and the osteoarthritis degree.48

Recently, α1-antitrypsin (A1AT), a protease inhibitor, 
has been reported to be a great load control for 
the WB in samples of synovial fl uid of patients with 
osteoarthritis, since it is abundant and constant.49

This technique has managed to show the relationship 
between the protein expression levels of the leukocyte 
antigen system class II (HSP60, HSP70, p53 and 
collagen II) and the development of rheumatoid arthritis 
(RA) in patients sera.50

The WB technique has been a key factor in the 
identifi cation of the citrullinated protein (CCP) as a 
marker for RA in samples of synovial fl uid, given its 
high sensitivity (80%) and specifi city (98%) values.51

In 2002, Salma et al. used the WB technique to 
detect proteins of the parasite Sarcocystis in sera 
samples of RA patients as positive markers for 
detecting rheumatic diseases.52

Recen t l y ,  i n  samp les  o f  pa t i en t s  w i t h 
laryngeal cancer, the WB showed for the first 
time overexpression of a protein called PFN1, 
responsible for metastasis of this carcinoma 
(laryngeal), considering it a biomarker for diagnosis 
and a therapeutic target.53

The WB help in the early diagnosis of liver cancer, 
identifying the 14-3-3 proteins expressed during 
progression to hepatocellular carcinoma in patients 
who have not been diagnosed with the disease.54

In esophageal cancer, the WB has allowed for 
detecting overexpression of the protein glutathione 
S-transferase omega 1 (GSTO1), which induces 
an immune response, considering this protein as a 
biomarker for early diagnosis of the disease.55

In a mouse model with Alzheimer’s disease (AD), 
the WB technique identifi ed the overexpression of 
a drug transporter called ABCG2, which allows the 
passage of a protein that causes a vascular damage 
called cerebral amyloid angiopathy (CAA), considering 
ABCG2 a biomarker for the CAA pathology in patients 
with Alzheimer’s.56 It has also played a key role in 
identifying seven prognostic biomarkers for prostate 
cancer that determine the aggressiveness degree.57

In muscular dystrophies, the WB has been 
recognized as a reliable technique for routine 
diagnosis.58

Besides these applications, the WB technique 
is consider as a helpful tool in several fi elds in 
the biomedical area, contributing in the boarding 
of different diseases in order to have a diagnostic 
and  unders tand  some phys iopa tho log ica l 
characteristics.59

Conclusions

For more than four decades, the WB technique 
has been used as a suitable tool in the biomedical 
research fi eld due to its application in a wide range 
of different samples, using photodocumentation 
equipment that goes from the most simple approach 
of luminescence detection to the more sophisticated 
ones that are able to detect specific emission 
sources for specifi c fl uorophores, which increases 
the cost, but yields more effi cient results, making it 
a crucial tool for diagnosing and detecting several 
diseases, and for fi nding therapeutic targets, giving 
this technique a major importance in the clinic area.



Investigación en Discapacidad136

Western blot: a tool in the biomedical field

www.medigraphic.org.mx

Bibliography

1. Eaton SL, Roche SL, Llavero-Hurtado M, Oldknow KJ, 
Farquaharson C, Gillngwater TH et al. Total protein 
analysis as a reliable loading control for quantitative 
fl uorescent Western blotting. PLoS One. 2013; 8 (8): 
e72457. doi: 10.1371/journal.pone.0072457.

2. Yang Y, Ma H. Western blotting and ELISA techniques. 
Researcher. 2009; 1 (2): 67-86.

3. Kurien BT, Scofi eld RH. Western blotting. Methods. 
2006; 38 (4): 283-293.

4. Jensen EC. The basics of Western blotting. Anat Rec 
(Hoboken). 2012; 295 (3): 369-371.

5. Kistler J, Duncombe Y, Laemmli UK. Mapping nucleolar 
proteins with monoclonal antibodies. J Cell Biol. 1984; 
99 (6): 1981-1988.

6. Burnette WN. Western blotting: electroporectic transfer 
of proteins from sodium dodecyl sulfate-polyacrilamide 
gels to unmodified nitrocellulose and radiographic 
detection with antibody and radioiodinated protein A. 
Anal Biochem. 1981; 112 (2): 195-203.

7. Towbin H, Staehelin T, Gordo J. Electrophoretic transfer 
of proteins from polyacrylamide gels to nitrocellulose 
sheets: procedure and some applications. Proc Natl 
Acad Sci USA. 1979; 76 (9): 4350-4354.

8. Chang X, Zhao Y, Sun S, Zhang Y, Zhu Y. The 
expression of PAD14 in synovium of rheumatoid arthritis. 
Rheumatol Int. 2009; 29 (12): 1411-1416.

9. Martínez-Maqueda D, Hernández-Ledesma B, Amigo 
L, Miralles B, Gómez-Ruiz JA. Extraction/fractionation 
techniques for proteins and peptides and protein 
digestion. In: Proteomics in foods. Springer US: 2013; 
pp. 21-50.

10. Johnson M. Detergents: Triton X-100, tween-20, and 
more. Mater Methods. 2013; 3: 163.

11. Perkel-Jeffrey M. Preparing for your Western blot. 
Science/AAAS Custom. Publishing Offi ce: Western 
Blotting: A Guide to current methods 2015; pp. 7-8.

12. MacPhee DJ. Methodological considerations for 
improving Western blot analysis. J Pharmacol Toxicol 
Methods. 2010; 61 (2): 171-177.

13. Sapan CV, Lundblad RL, Price NC. Colorimetric protein 
assay techniques. Biotechnol Appl Biochem. 1999; 29 
(2): 99-108.

14. Huang T, Long M, Huo B. Competitive binding to cuprous 
ions of protein and BCA in the Bicinchoninic Acid Protein 
Assay. Open Biomed Eng J. 2010; 4: 271-278.

15. García-Arellano H, Vázquez-Duhalt R. Cuantifi cación de 
proteínas: una revisión. BioTecnología. 1998; 3: 77-88.

16. Mahmood T, Yang P. Western blot: technique, theory and 
trouble shooting. N Am J Med Sci. 2012; 4 (9): 429-434.

17. De la Fuente GA, Rodríguez LJ, Fonseca CE. Análisis de 
proteínas mediante electroforesis e inmunotransferencia 
(Western blot). Piel. 2007; 22 (5): 252-258.

18. García PHM. Electroforesis en geles de poliacrilamida: 
fundamentos, actualidad e importancia. Univ Diag. 2000; 
1 (2): 31-41.

19. Pérez-Chabela ML, Soriano-Santos J, Ponce-
Alquicira E, Díaz-Tenorio LM. Electroforesis en gel de 
poliacrilamida-SDS como herramienta en el estudio de 
las proteínas miofribrilares. Una revisión. Nacameh. 
2015; 9 (2): 77-96.

20. Cambell MK, Farrell SO. Bioquímica. 4a edición. México, 
D.F.: Editorial Thomson; 2004.

21. Lomonte BV. Técnicas de laboratorio en inmunología. 
3a edición. San José, Costa Rica: Universidad de Costa 
Rica; 2009.

22. Kurien BT, Scofi eld RH. Western blotting: methods and 
protocols. Methods in molecular biology; v. 1312. New 
York: Springer; 2015: pp. 509.

23. Westermeier R. Electrophoresis in practice. 4th edition. 
Weinheim, Alemania: Wiley-VCH Verlag GmbH; 2005.

24. Laemmli UK. Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4. Nature. 1979; 
227 (5259): 680-685.

25. González JM, García E, Fernández JL, Gago L, Benito 
J. Técnicas analíticas para la detección de gluten en 
alimentos. Madrid, España: Elecé Industria Gráfi ca; 
2007.

26. Pettegrew CJ, Javini R, Islam MR. Transfer buffer 
containing methanol can be reused multiple times in protein 
electrotransfer. J Biomol Tech. 2009; 20 (2): 93-95.

27. Silva JM, McMahon M. The fastest Western in town: a 
contemporary twist on the classic Western blot analysis. 
J Vis Exp. 2014; (84): e51149. doi: 10.3791/51149.

28. Eaton SL, Hurtado ML, Oldknow KJ, Graham LC, 
Marchant TW, Gillingwater TH et al. A guide to 
modern quantitative fl uorescent Western blotting with 
troubleshooting strategies. J Vis Exp. 2014; (93): 
e52099. doi: 10.3791/52099.

29. Degasperi A, Birtwistle MR, Volinsky N, Rauch J, Kolch 
W, Kholodenko BN. Evaluating strategies to normalize 
biological replicates of Western blot data. PLoS One. 
2014; 9 (1): e87293. doi: 10.1371/journal.pone.0087293. 
eCollection.

30. Sarimehmetoglu HO. Application of Western blotting 
for the immunodiagnosis of Fasciola hepatica in cattle 
using excretory/secretory antigens. Turk J Vet Anim Sci. 
2002; 26: 1061-1065.

31. Carrillo RT, Moreno G, Márquez J. Análisis de 
inmunoblot de antígenos de Leishmania infantum y 
Leishmania donavani en sueros de pacientes con 
leishmaniasis visceral de Venezuela. Rev Fac Farm. 
2012; 54 (1): 21-30.

32. Khammari I, Saghrouni F, Yaacoub A, Meksi SG, Ach 
H, Garma L et al. IgG western blot for confi rmatory 
diagnosis of equivocal cases of toxoplasmosis by EIA-
IgG and fl uorescent antibody test. Korean J Parasitol. 
2013; 51 (4): 485-488.

33. Magi B, Migliorini L. Western blotting for diagnosis of 
congenital toxoplasmosis. New Microbiol. 2011; 34 (1): 
93-95.

34. Yun LZ, Qin H, Xia HX, Yi J, Zhen G, Mou WY et al. 
A study of the technique of Western blot for diagnosis 



 Volume 6   Number 3   September-December 2017 137

Karina Martínez-Flores et al.

www.medigraphic.org.mx

of Lyme disease caused by Borrelia afzelli in China. 
Biomed Environ Sci. 2013; 26 (3): 190-200.

35. Donta ST. Issues in the diagnosis and treatment of Lyme 
disease. Open Neurol J. 2012; 6: 140-145.

36. Brouqui P, Bacellar F, Bacellar F, Baranton G, Birtles 
RJ, Bjoersdorff A et al. Guidelines for the diagnosis of 
tick-borne bacterial diseases in Europe. Clin Microbiol 
Infect. 2004; 10 (12): 1108-1132.

37. Schumann J, Blessing M. Impact of TGF-β, GM-CSF and 
antibody response for diagnosis as well as etiopathology 
of Lyme disease. Scand J Lab Anim Sci. 2011; 38 (3): 
177-185.

38. Wongratanacheewin S, Tattawasart U, Lulitanond 
V, Wongwajana S, Sermswan R, Sookpranee M et 
al. Characterization of Pseudomonas pseudomallei 
antigens by SDS-polyacrylamide gel electrophoresis 
and Western blot. Southeast Asian J Trop Med Public 
Health. 1993; 24 (1): 107-113.

39. Rattan AS. Western blot analysis of immune response in 
pulmonary tuberculosis. Ind J Tub. 1991; 38 (1): 11-15.

40. Meyer MP, Eddy T, Baughn RE. Analysis of Western 
blotting (immunoblotting) technique in diagnosis of 
congenital syphilis. J Clin Microbiol. 1994; 32 (3): 629-
633.

41. Meshkat Z, Roostaee MH, Soleimanjahi H. Development 
of a Western blot assay for detection of antibodies 
against HSV using purifi ed HSV virons prepared by 
sucrose density gradient. Iran J Basic Med Sci. 2009; 
11 (4): 215-220.

42. Gad NMA, El-Din TG, Glil RRA, Darwish M. Role of 
Western blotting in serological diagnosis of Helicobacter 
pylori infection. Egypt J Med Microbiol. 2008; 17 (2): 
169-177.

43. Doiz O, Benito R, Sbihi Y, Osuna A, Clavel A, Gómez-
Lus R. Western blot applied to the diagnosis and post-
treatment monitoring of human hydatidosis. Diagn 
Microbiol Infect Dis. 2001; 41 (3): 139-142.

44. Haghpanah B, Mosavat B, Ghayour Z, Oreizi F. Diagnostic 
value of hydatid cyst antigens using Western blotting 
method. Jundishapur J Microbiol. 2010; 3 (4): 175-185.

45. Sharma S, Ghosh S, Singh LK, Sarkar A, Malhotra 
R, Garg OP et al. Identification of autoantibodies 
against transthyretin for the screening and diagnosis 
of rheumatoid arthritis. Plos One. 2014; 9 (4): e93905. 
doi: 10.1371/journal.pone.0093905. eColletion.

46. Balakrishnan L, Bhattacharjee M, Ahmad S, Nirujogi RS, 
Renuse S, Subbannayya Y et al. Differential Proteomic 
analysis of synovial fl uid from rheumatoid arthritis and 
osteoarthritis patients. Clin Proteomics. 2014; 11 (1): 1. 
doi: 10.1186/1559-0275-11-1.

47. Struglics A, Larsson S, Hansson M, Lohmander LS. 
Western blot quantifi cation of aggrecan fragments in 
human synovial fl uid indicates differences in fragment 

patterns between joint diseases. Osteoarthritis Cartilage. 
2009; 17 (4): 497-506.

48. Wang Y, Li D, Xu N, Tao W, Zhu R, Sun R et al. 
Follistatin-like protein 1: a serum biochemical marker 
refl ecting the severity of joint damage in patients with 
osteoarthritis. Arthritis Res Ther. 2011; 13 (6): R193. 
doi: 10.1186/ar3522.

49. Wang S, Zhou J, Wei X, Li P, Li K, Wang D et al. 
Identifi cation of α1-antitrypsin as a potential candidate 
for internal control for human synovial fl uid in Western 
blot. Rheumatology (Sunnyvale). 2015; Suppl 6: 006.

50. Oliva-Gutiérrez E, Martínez-Godoy MP, Zapata-Zúñiga 
M, Sánchez-Rodríguez SG. Antígenos reconocidos por 
el suero de pacientes con artritis reumatoide. Archivos 
de Medicina. 2012; 8 (2): 1-9. doi: 10.3823/088.

51. Tabushi Y, Nakanishi T, Takeuchi T, Nakajima M, Ueda 
K, Kotani T et al. Detection of citrullinated proteins in 
synovial fl uids derived from patients with rheumatoid 
arthritis by proteomics-based analysis. Ann Clin 
Biochem. 2008; 45 (Pt 4): 413-417.

52. Abdul-Rahman SM, Rashad SM, Doma MA. Human 
muscle sarcocystosis in relation to non-specific 
rheumatic diseases and rheumatoid arthritis. Egypt 
Rheumatol Rehab. 2002; 29 (5): 743-753.

53. Li L, Zhang Z, Wang C, Miao L, Zhang J, Wang J et 
al. Quantitative proteomics approach to screening 
of potential diagnostic and therapeutic targets for 
laryngeal carcinoma. PLoS One. 2014; 9 (2): e90181. 
doi: 10.1371/journal.pone.0090181.

54. Liu M, Liu X, Ren P, Li J, Chai Y, Zheng SJ et al. A cancer-
related protein 14-3-3ς is a potential inmunodiagnosis 
of hepatocellular carcinoma. Tumour Biol. 2014; 35 (5): 
4247-4256.

55. Li Y, Zhang Q, Penq B, Shao Q, Qian W, Zhang JY. 
Identifi cation of glutathione S-transferase omega 1 
(GSTO1) protein as a novel tumor-associated antigen 
and its autoantibody in human esophageal squamous 
cell carcinoma. Tumour Biol. 2014; 35 (11): 10871-
10877.

56. Xiong H, Callaghan D, Jones A, Bai J, Rasquinha I, 
Smith C et al. ABCG2 is up-regulated in Alzheimer’s 
brain with cerebral amyloid angiopathy and may act 
as a gatekeeper at the blood-brain barrier for AB1-40 
peptides. J Neurosci. 2009; 29 (17): 5463-5475.

57. Morgan C, Jenkins SA, Kynaston HG, Doak SH. The role 
of adhesion molecules as biomarkers for the aggressive 
prostate cancer phenotype. PloS One. 2013; 8 (12): 1-7.

58. Cooper ST, Lo HP, North KN. Single section Western 
blot. Improving the molecular diagnosis of the muscular 
dystrophies. Neurology. 2003; 61 (1): 93-97.

59. Hernández-San Miguel A, San Miguel R, Martín-Gil 
FJ. Importancia de las aplicaciones clínicas de la 
proteómica. Rev Lab Clin. 2010; 3 (1): 40-42.


