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Introduction 
 

 

 

Principle

 
 
 

 
Western blotting WB (immunoblotting) is a widely practiced 

analytical technique to detect target proteins within samples 

using antigen-specific antibodies. WB involves two major 

processes: Separation of soluble proteins into discrete bands and 

transfer of those proteins onto a solid matrix for subsequent 

analysis by immunological probes. 

 
Under standard denaturing conditions, SDS-polyacrylamide gel 

electrophoresis (SDS-PAGE) is used to separate sample 

proteins based on polypeptide length. The separated proteins 

are transferred (blotted) onto a membrane matrix of 

nitrocellulose or PVDF where they are stained with antibody 

probes specific to target protein antigens. Typically, blots are 

incubated with antibodies against the antigen of interest 

followed by a secondary antibody and detection. 

 
Analysis of protein migration and the intensity of chromogenic, 

chemiluminescent or fluorescent signals offer protein 

expression details from cells or tissue homogenates. When 

coupled with high-resolution gel electrophoresis, antibodies of 

strong avidity and specificity to target antigens, and robust signal 

reporting, Western blotting can detect picogram quantities of 

protein

 

1. Protein Extraction and Quantitation 
 

To extract protein for the western blot analysis, the first step is to prepare for the lysate from samples. Cell 

cultures and tissue are the most common samples to start with. When preparing samples for Western blot 

it is useful to keep samples on ice until the denaturation step. It may also be advantageous to add protease 

inhibitors and/or phosphatase inhibitors to prevent sample degradation. A good example is p53 which is 

a phosphorylated protein that is highly sensitive to proteases. Without precautions the protein and 

phosphorylation sites are destroyed leading to false negative results. 
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After protein extraction, the concentration of protein should be measured to ensure that equal amount 

is loaded onto the gel. At Boster, we have developed three protein assay kits for this purpose: 

 

 

The Coomassie Plus Protein Assay is easy to carry out and consumes less sample. However, there can be 

considerable variability among proteins in this assay that impacts linearity. The pH values may also 

change as a function of a variety of elements such as high concentration of Tris, EDTA, urea, glycerol, 

sucrose, acetone, ammonium sulfate and detergent. Further, the pH change will subsequently influence 

color development and interfere with protein quantification. 

 
The BCA protein assay is valued for increased stability, higher sensitivity and greater flexibility. The 

colored complex formed is more stable with few interfering substances. Therefore, this assay has an 

obvious advantage over the Coomassie Plus Protein Assay which is influenced by detergent and pH. 

 
2. Protein Separation: Electrophoresis 

 
Electrophoretic separation describes the phenomenon of charged particles moving through a gel 

matrix under the influence of an electric field. It is used to separate proteins according to their 

electrophoretic mobility depending on the charge, size and structure of the molecules. Polyacrylamide 

gels (PAGE) are three-dimensional mesh polymers composed of cross-linked acrylamide. As a 

supporting matrix PAGE gels have several desirable features that make it a versatile medium. It is 

thermo-stable, transparent, strong, and can be prepared with a wide range of average pore sizes. 

 
 Denatured Proteins 

 
Denatured proteins are most commonly used for Western blotting. Native 

protein structures may include inter- and/or intra-chain bonds creating 

secondary or tertiary structures which may play a vital role in the activity of 

the protein. However, these structures also affect the migration of the protein through the 

pores created by the cross-linked polyacrylamide. For example, a low molecular weight 

protein with a complex tertiary structure may migrate at the same rate as a larger protein with a 

simpler structure indicating an apparently similar molecular weight. It is important to note 

that many antibodies are generated against peptides and often better recognize protein in the 

denatured state. Denaturation of proteins is accomplished in three ways: 

 

(i) Sodium dodecyl sulfate (SDS), an anionic detergent, is used as a denaturing agent to break 

hydrogen bonds within and between molecules to unfold proteins and break up secondary 

and tertiary structures. The anionic (or negative) charge of SDS imparts a negative charge to 

 BCA (Bicinchoninic Acid) Protein Assay Kit (Boster Catalog# AR0146) 

 Micro BCA (Bicinchoninic Acid) Protein Assay Kit (Boster Catalog# AR1110) 

 Coomassie Plus Protein Assay Kit (Boster Catalog# AR0145) 
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linearized proteins  that  is  proportional  to  its  peptide  length.  In the presence of SDS, 

electrophoretic mobility is largely based on molecule weight. 

(ii) Strong reducing agents such as β-mercaptoethanol (BME) and dithiothreitol (DTT) disrupt 

disulfide linkages between cysteine residues within or between protein chains. 

(iii) Heating the samples to 100°C further promotes protein denaturation and SDS binding, rod- 

shape formation, and negative charge adherence. 

 
Loading buffers containing tracking dyes such as bromophenol blue dye may be added to the 

protein solution to follow the progress of the proteins through the gel during the electrophoretic 

run. 

 
 “Native” or Non-Denatured Proteins 

 
Separation of non-denatured proteins relies on the sum of intrinsic charges carried on a 

protein   and   is   accomplished   through   isoelectric   focusing   (IEF).   IEF   employs 

polyacrylamide gels designed to contain a continuum of pH zones where a protein stops 

migrating under the influence of electric current where it has no net charge, its isoelectric point 

(pI). This pI may be variable for a given protein and indicative of the presence of post-translational 

modification such as sugars (glycosylation) or phosphates (phosphorylation). IEF separation may 

be accomplished by the addition of isophores to a polyacrylamide gel preparation prior to 

crosslinking (casting gels), immobilization of pH gradients to a solid support (IPG strips), or using 

a solution phase technique. 

 
 Gel Percentage and Pore Size 

 
The use of (PAGE) gels for separating proteins ranging in size from 5-2,000 kDa is 

made possible by the uniform pore size created during polymerization of acrylamide. 

Pore size is controlled via the ratios of acrylamide to bis- acrylamide in gel making 

process. Typical PAGE gels are cast with a stacking gel (5%) poured over the top of 

a resolving gel. The relatively low concentration stacking layer is designed to counteract the migration 

differential of protein samples as they first enter the separation matrix. At the interface of the 

two gel components, the proteins are “stacked” to optimize their separation during their migration 

through the resolving gel. Resolving gels are made in 5%, 8%, 10%, 12% or 20% formulations, each 

providing a range of protein separation based on apparent molecular weight. Gel concentrations are 

selected based on the size of the target protein destined for analysis. Higher percentage gels are used 

for separation of proteins of lower known or estimated molecular weight. If the molecular weight of 

the protein is unknown or if proteins of a variety of molecular weights are examined, then a gradient 

gel containing multiple percentages within the same gel can be useful. Protein samples are introduced 

into the gels via wells that define the lanes of protein migration. Changes on the buffer system of the 

gel can help to further resolve proteins of very small sizes. 

 



5 

 

 

 Buffer Systems 

 
A wide variety of buffer systems exist for use with PAGE. The most well-known is the tris-glycine or 

"Laemmli" discontinuous buffer system which uses a stacking gel prepared with buffer of pH 

6.8 and a resolving gel at a pH of ~8.3-9.0. Drawbacks associated with this system include: 

potential protein deamination and alkylation or disulfide bond formation between cysteine residues 

from the re-oxidation of cysteine due to non-migration of sample buffer reducing agents into the 

resolving gel. Additionally, different buffers are required for the cathode and anode ends of the 

gel. Evolutions in buffering technology (e.g., bis-Tris) avoid these pitfalls by casting and running 

gels under slightly acidic (pH ~6.5) conditions and include reducing agents (e.g. sodium bisulfite) 

that move into the gel ahead of the proteins to maintain a reducing environment. An additional 

benefit of using buffers with lower pH values is that the acrylamide gel is more stable at lower pH 

values, so the gels can be stored for long periods of time before use. 

 
As voltage is applied to a Tris-glycine system the anions (and negatively charged sample molecules) 

migrate toward the positive electrode (anode) in the lower chamber. The leading anion is Cl- (high 

mobility and high concentration); glycinate is the trailing ion (low mobility and low concentration). 

SDS-protein particles do not migrate freely at the border between the Cl- of the gel buffer and the 

Gly- of the cathode buffer. Because of the voltage drop between the Cl- and glycine buffers, 

proteins are compressed (stacked) into micrometer thin layer between the stacking and resolving 

gels. In resolving gel, proteins with more negative charges per unit migrate faster than those with 

less negative charges per unit. That is, proteins with small molecular weight migrate faster than 

proteins with large molecular weight. The boundary moves through a pore gradient and the protein 

stack gradually disperses due to a frictional resistance increase of the gel matrix. For every protein at 

a different position, stacking and un-stacking occur continuously in the gradient gel. 

 
3. Protein Transfer 

 
 Transfer Types 

 
Two main types of procedures and associated apparatus are used to perform 

electrophoretic transfer of proteins. Each of them offers advantages and is selected based 

upon experimental requirements and lab preferences. 

 
(i) Semi-Dry Transfer 

 
Semi-dry protein transfer is a rapid, efficient and inexpensive method requiring no buffer tanks or 

gel cassettes. A separation gel and transfer membrane are equilibrated in transfer buffer and 

sandwiched between sheets of buffer-soaked filter paper, then clamped between two horizontal 

plate electrodes. To maximize the amount of buffer available during the transfer, extra thick 

filter paper is recommended. Under an electric field the negatively charged proteins migrate 

toward the positive cathode, exiting the gel and depositing on the transfer membrane where they 

are held by hydrophobic interactions. Transfer times for semi-dry transfers are 
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short due to both the high electric field caused by the close proximity between the two 

electrodes and by the low buffer capacity of the saturated filter paper. High field strengths may 

cause some small proteins to be driven through the transfer membrane, while shortened run 

times may result in the inefficient transfer of some large proteins. Semi-dry protein transfer 

methods are not considered to be reliable for quantitative analysis. 

 
(i) Wet Transfer 

 
In a wet transfer process, the gel-membrane-filter sandwich is flanked by pads or sponges and 

placed vertically in a cassette or transfer tank filled with buffer. As in the semi-dry transfer 

proteins migrate from the gel to the membrane under the electric field produced by the parallel 

electrodes. Large buffer capacities with wet transfer procedures offer more flexibility for 

voltage settings, transfer times, and temperature conditions. Varying these parameters may 

allow some larger proteins to be transferred more effectively while promoting efficient binding of 

lower molecular weight proteins. While wet transfer methods require more complex 

apparatus and higher buffer costs, the opportunities for optimization of transfer conditions 

make the method a preferred choice when quantitation of target proteins are desired. 

 
 Transfer Membrane 

 
Transfer membranes are selected based on their physical properties that lend them for use with 

particular methods and conditions. Protein binding capacity, mechanical strength, and downstream 

analysis such as re-probing or protein sequencing are considerations when choosing a blotting 

membrane. 

 
(i) Nitrocellulose 

 
Nitrocellulose, one of the first materials used for transfer membranes, is still considered a good 

choice for general purpose western blotting. Nitrocellulose is inexpensive, has a high affinity for 

proteins, is easily prepared for blotting, and can be used with a variety of detection systems. Due 

to its brittle nature nitrocellulose is not a preferred material for blots intended for workflows 

requiring repeated handling or manipulations. Some manufacturers offer nitrocellulose 

membranes with a synthetic backing giving increased strength while retaining the desirable 

characteristics of protein binding and ease of wetting. When used as a transfer membrane 

Nitrocellulose requires the use of methanol in the transfer buffer to remove SDS bound to 

proteins, thus enabling hydrophobic interaction of the protein with the transfer membrane. 

Methanol also has a shrinkage effect on the separation gel, reducing the size of pores in the 

gel matrix. As smaller pore size may retard movement of some larger proteins, consideration 

must be given to the gel concentration when selecting transfer membranes and protocols. 
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(ii) Polyvinyl Difluoride (PVDF) 

 
Membranes made of PVDF have some distinct advantages over nitrocellulose such as higher 

binding capacity (170-200 µg/cm2 vs. 80-100 µg/cm2) and durability. The higher binding 

capacity is advantageous when attempting to detect low expression proteins, but may also lead to 

higher background noise during detection. Prior to use, PDVF membranes must be 

thoroughly wet in 100% methanol and then equilibrated in transfer buffer by soaking for at 

least 5 minutes. Advantages of PVDF membranes are the opportunities for re-probing the 

transferred proteins after a stripping procedure. WB Stripping Buffer (AR0153) can be used to 

remove bound primary and secondary antibodies. Quantitative analysis of detected proteins on 

re-probed gels should be avoided as the stripping process may remove some target proteins from 

the membrane. 

 
 Membrane Pore Size 

 
Blotting membranes are available at typical pore sizes of 0.2 µm, and 0.45 µm. For proteins of 20 

kDa or smaller, 0.2 µm pore size is recommended, and 0.45 µm pore if your protein is greater than 

20  kDa.  If  your  application  includes  quantitation  of  your  target  protein,  or  your  protein 

concentration is low, the general rule is to use the membrane with the smaller pore size. 

 
 Membrane Formats 

 
(i) Pre-cut membranes are available for all of the most commonly used sizes of separation gels. 

Pre-cut and packaged by manufacturers, these membranes may provide more consistent 

protein transfers than membranes cut from rolls or large sheets. 

 
(ii) Rolls of membranes are available for cutting membranes yourself in your laboratory to use with 

a variety of gel sizes. The lower cost of the membrane may be offset by the time expended 

to ensure the size of the transfer membrane exactly matches that of the separation gel to avoid 

introducing variability in transfer analysis. 

 
4. Membrane Blocking 

 
Following protein transfer, it is important to block the unreacted sites on the membrane using inert 

proteins and/or nonionic detergent to reduce levels of nonspecific protein binding during the assay. 

Blocking buffers should block all unreacted sites without disrupting target protein-membrane 

interactions or affect epitope availability The most typical blocking solutions are nonfat dry milk, 

casein, gelatin, or Tween-20 in TBS and/or PBS buffers. 

 
Nonfat dry milk is the most economic choice, but should be avoided for blots using biotin-conjugated 

antibodies due to intrinsic amounts of glycoprotein and biotin present in milk. Additionally, naturally 

present phosphatases may lead to protein dephosphorylation, interfering with target identification of 
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phosphorylated proteins. BSA or casein in TBS are recommended for phosphorylated target analysis or 

when using alkaline phosphatase-based detection methods. 

 
Note: Use of NaN3 as a preservative in blocking reagents should be avoided when using peroxidase 

detection systems due to its oxidase inhibiting properties. 

 
5. Primary Antibody Incubation 

 
After blocking the transfer membrane, a primary antibody specific to a binding site on 

the target protein is diluted as appropriate and incubated with the membrane. This 

procedure is typically carried out in a dish or tray of dimensions allowing the membrane 

to lay horizontal while immersed in buffer. Incubation is performed overnight at 4ºC or 1-2 hours at 

RT with mild agitation. 

The choice of a primary antibody depends on the antigen to be detected. Both polyclonal and 

monoclonal antibodies work well for western blot analysis. Monoclonal antibodies recognize single 

specific antigenic epitope. The higher specificity may result in lower background on analysis. Target 

epitopes that are blocked or destroyed may result in poor blot results when monoclonal antibodies are 

used as probes. Polyclonal antibodies may recognize more epitopes on the target and they often have 

higher affinity providing results for analysis when specific epitopes are not known or their identification is 

not required for the application. Polyclonal antibodies are generally found at lower cost than 

monoclonal antibodies. 

 
6. Secondary Antibody Incubation 

 
After washing the membrane to remove unbound primary antibody, the membrane is 

exposed to an enzyme conjugated secondary antibody. The secondary antibody is highly 

specific for a site on the primary antibody and is engineered bind tightly. The most 

popular secondary antibodies are anti-mouse and anti-rabbit immunoglobulins (Ig) as these animals are 

commonly used as host species for production of primary antibodies. In turn, goats are used to raise 

anti-mouse and anti-rabbit polyclonal antibodies. Thus, goat anti-mouse and goat anti-rabbit 

immunoglobulins are the most commonly used secondary antibodies. The choice of secondary 

antibody depends upon the species of animal in which the primary antibody was raised. For example, if 

the primary antibody is a mouse monoclonal antibody, the secondary antibody must be anti-mouse. If 

the primary antibody is a rabbit polyclonal antibody, the secondary antibody must be anti-rabbit. The 

secondary antibody must also recognize the isotype of the primary antibody (IgG1, IgM, etc.). 

 
7. Signal Detection 

 
An enzyme bound to a secondary antibody reacts with a substrate introduced during the protein 

detection stage of the western blot to generate a colored precipitate bound to the transfer membrane 

resulting in visible protein bands. The target protein levels in cells or tissues are evaluated though 

densitometry and location of the visible protein bands. 

 Chromogenic (Colorimetric Development) 
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Alkaline phosphatase (AP) and horseradish peroxidase (HRP) are the two enzymes that are used 

extensively. As a result of alkaline phosphatase (AP) catalysis, the colorless substrate BCIP will be 

converted to a blue product. In the presence of H2O2, 3-amino-9- ethyl carbazole and 4-chlorine 

naphthol will be oxidized into brown and blue products, respectively. The figure below shows two 

WB results by using Boster’s DAB chromogenic detection system. 

 
 

Tissue Lysates 
Lane 1: Rat skeletal muscle  
Lane 2: Rat liver 

Lane 3: Rat brain 
Lane 4: Rat small intestine  
Whole Cell Lysates   
Lane 5: MCF-7 

Lane 6: HeLa 
Lane 7: Smmc 
Lane 8: Jurkat 
Lane 9: Colo320 

 

Tissue Lysates Lane 1: 
Rat brain Lane 2: Rat 

brain Lane 3: Rat liver 
Lane 4: Rat pancreas 
Whole Cell Lysate 
Lane 5: MCF-7 
 

 

 
 
 
 
 

 Chemiluminescence 

 
Enhanced chemiluminescence is another method that employs HRP detection. Using HRP as the 

enzyme label, the luminescent substrate (Luminol) will be oxidized by H2O2 and will produce light 

(luminesce). Luminiscence enhancers combined with this substrate will induce a 1000-fold increase in 

light intensity. The light is then detected and captured on photographic film. Film can be 

exposed for multiple time points to optimize the signal to noise ratio. The figure on the next page 

shows three WB results by using Boster’s ECL detection system. 
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Whole Cell Lysates 

Lane 1: MCF7 
Lane 2: Hela 

Lane 3: Jurkat 
Lane 4: HT1080 
Lane 5: Colo320 

 

Whole Cell Lysates 

Lane 1: MM453 
Lane 2: MM231 

Lane 3: Hela 
Lane 4: HT1080 
Lane 5: Colo320 

 

Tissue Lysates 
Lane 1: Rat Ovary 
Lane 2: Human placenta 

 

 
 

 Fluorescence 

 
Fluorescence detection uses fluorochrome conjugated primary or secondary antibodies to detect 

the protein of interest. Data is captured using specialized fluorescent imaging systems. There are 

several advantages to this method including the elimination of the enzymatic step and the ability to 

multiplex. This method is also more quantitative than other methods. 

 
The choice of WB signal detection methods depends on the enzyme or detection agent bound to the 

secondary antibody. ECL (Enhanced Chemiluminescent) and DAB chromogenic detection systems are 

typically used. In general, chromogenic detection is not as popular as chemiluminescent due to its 

decreased sensitivity. 

 
8. Controls 

 
Proper control design is essential to successful western blot analysis. It will guarantee accurate and 

specific test results identifying various problems quickly and precisely. We will discuss five control 

types as follows: 

 
 Positive Control 

A lysate from a cell line or tissue sample known to express your target protein. Positive controls are 

designed to verify working efficiency of the antibodies. 
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 Negative Control 

A lysate from a cell line or tissue sample known not to express the protein you are detecting. 

Negative controls are used is to check antibody specificity. Nonspecific binding and false positive 

result may be identified using negative controls. 

 
 Secondary Antibody Control (No Primary Antibody Control) 

A secondary antibody is incubated with the blot to check antibody specificity. Signals produced by 

nonspecific binding may generate false positive results using the secondary alone. 

 
 Blank Control 

Primary and secondary antibodies are not incubated with the membrane. This analysis is performed to 

verify the transfer membrane itself does not induce a false positive result and is also used to check 

membrane blocking efficiency. 

 
 Loading Control 

Loading controls are used to check sample quality and the performance of the secondary antibody 

system. Loading controls are antibodies to "house-keeping proteins" or proteins that are expressed at 

equivalent levels in almost all tissues and cells. Loading controls are required to check that 

equivalent quantities of target protein have been loaded across gel lanes, especially when a 

comparison must be made between the expression levels of a protein in different samples. They are 

also useful to check for effective transfer from the gel to the membrane across the entire gel. Where 

uneven quantities of sample are loaded or even transfers have not occurred, the loading control 

bands can be used to quantify the protein amounts in each lane. For publication-quality work, use 

of a loading control is absolutely essential. Come commonly used loading controls are: 

 

Loading Control Molecular Weight (kDa) Sample Type 

Beta-Actin 43 Whole Cell/cytoplasmic 

GAPDH 30-40 Whole Cell/cytoplasmic 

Tubulin 55 Whole Cell/cytoplasmic 

VCDA1/Porin 31 Mitochondrial 

COXIV 16 Mitochondrial 

Lamin B1 16 
Nuclear (Unsuitable for samples where nuclear 
envelope is removed) 

TBP 38 
Nuclear (Not suitable for samples where DNA 
is removed) 
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WB Result by Beta-Actin Loading 
Control and Enhanced 
Chemiluminescent (ECL) Substrate 
from Boster 

 

WB Result by GAPDH Loading Control 
and Enhanced Chemiluminescent (ECL) 
Substrate from Boster 

 

 
 
 
 
 
 
 
 
 
 

 
(To be continued on next page)
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Recommended Protocol 

 
1. Sample Preparation 

 
A. Protein Extraction 

 
(i) Extraction from Cell Cultures 

 Culture cells in the cell culture dish until 80% confluency. 

 Place the dish on ice and rinse cells in ice-cold PBS buffer (10 mM Na2HPO4 and 

1.8 mM Na2H2PO4 with 0.2% Tween 20; pH 7.4). 

 Aspirate the PBS and add ice-cold lysis buffer (150 mM NaCl, 1% NP-40, 50 mM Tris- 

HCl and protease inhibitors). 

 Scrape adherent cells off the dish using cold plastic cell scrapper or digest cells with 

0.05% trypsin cells with PBS wash. Be as gentle with cells as possible to avoid inducing cell 

stress pathways. 

 Centrifuge the cells at 3,000 rpm at 4°C for 2-3 min. 

 Remove the supernatant and wash it 2X with ice-cold PBS buffer. 

 Gently transfer the cell precipitate into an ice-cold tube. 

 Add Mammalian Cell Protein Extraction Reagent (Boster Catalog # AR0103) 

into the tube (v/v: 6/1: extraction reagent/cell precipitate) and resuspend 

vigorously. 

 If the above solution is murky, sonicate it for 10-15 sec to break up the proteins. 

 Lyse the cells in RIPA lysate buffer on ice for 4-5 hours. 

 Sonicate and lyse again if the cell solution remains murky. 

 Centrifuge at ~10,000 rpm and 4°C for 10 min. The centrifugation force and time can be 
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varied depending on the cell type. 

 Discard lipid (at top) and cell debris (at bottom) by aliquotting the solution in the middle 

to a fresh tube and keeping the tube at -20°C. 

 
(ii) Extraction from Tissues 

 Place surgically resected tissues in pre-cooled (4°C) normal saline. Make sure to wash off 

any blood from the tissues. 

 Cut the tissue into small pieces (0.1 g to 1 g each). 

 Add Broad Spectrum Protease Inhibitor Cocktail (Boster Catalog # AR1182). 

 Add 10 mL Mammal Tissue Protein Extraction Reagent (Boster Catalog # AR0101) per 1 

g of tissue. 

 Mince the tissue and place the minced tissue in tissue homogenizer. 

 Add ice-cold lysis buffer (For a 5 mg piece of tissue, add 300 µL of buffer. Buffer volume 

should be determined in relation to the amount of tissue present). 

 Lyse the tissue homogenate on ice for 4-5 hours or at 4°C (high speed) for 5 min. 

 If necessary, sonicate until no tissue chunks remain. 

 Centrifuge at ~10,000 rpm and 4°C for 10 min. The centrifugation force and time can be 

varied depending on the sample type. 

 Discard lipid (at top) and cell debris (at bottom) by aliquotting the solution in the middle 

to a fresh tube and keeping the tube at -20°C. 

 
B. Protein Quantitation Assay 

 
The test tube protocol for our BCA (Bicinchoninic Acid) Protein Assay Kit (Boster Catalog# 

AR0146) is described here. Refer to our datasheet for the microplate protocol as appropriate. 

 
(i) Reagent Preparation 

 Reconstitute the albumin standard ampules (BSA) with 0.9% NaCl or PBS to create a working 

solution of 2000 µg/mL (Tube A). 

 Mix thoroughly 50 mL BCA Reagent A with 1 mL BCA Reagent B (i.e., Diluent). 

 Prepare the diluted BSA standards by mixing the diluent and BSA as follows: 

 

Tube Diluent Volume (µL) BSA Volume (µL) BSA Concentration (µg/mL) 

A 0 600 (From Tube A) 2000 

B 100 300 (From Tube A) 1500 

C 300 300 (From Tube A) 1000 

D 200 200 (From Tube B) 750 

E 300 300 (From Tube C) 500 

F 300 300 (From Tube E) 250 

G 300 300 (From Tube F) 125 

H 400 100 (From Tube G) 25 

I (Blank) 300 0 0 
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(ii) Quantitation Assay (For the test-tube protocol, ratio of sample to working range is 1:20). 

 Pipette 0.1 mL of each standard and unknown sample replicate into an appropriately 

labeled test tube. 

 Add 2.0 mL of the working range (WR) to each tube and mix well. 

 Cover and incubate tubes with one of the protocols: 

- Standard Protocol: 37°C for 30 min (WR: 25 to 2,000 μg/mL). 

- RT Protocol: Room temperature for 2 hrs (WR: 25 to 2,000 μg/mL). 

- Enhanced Protocol: 60°C for 30 min (WR: 5 to 250 μg/mL). 

 
Note: Increasing the incubation time and temperature can increase the net 562 nm 

absorbance for each test and decrease both the minimum detection level of the reagent and 

the working range of the protocol. Use a water bath to heat the tubes for either Standard 

(37°C incubation) or Enhanced (60°C incubation) Protocol. Using a forced-air incubator 

can introduce significant error in color development because of uneven heat transfer. 

 

 
 

Note: Because the BCA Assay does not reach a true end point, color development will 

continue even after cooling to room temperature. However, because the rate of color 

development is low at room temperature, no significant error will be introduced if the 562 

nm absorbance measurements of all tubes are made within 10 min of each other. 

 

 Subtract the average 562 nm absorbance measurement of the blank standard replicates 

from the 562 nm absorbance measurement of all other individual standard and unknown 

sample replicates. 

 Prepare a standard curve by plotting the average blank-corrected 562 nm measurement for 

each BSA standard vs. its concentration in μg/mL. Use the standard curve to determine 

the protein concentration of each unknown sample. 

2. Electrophoresis 
 

(A) Gel Preparation 

 
The first step of gel preparation is to determine the gel percentage based on the molecular weight 

of your protein sample: 

 

Protein Size (kDa) > 200 15-200 10-70 12-45 4-40 

Gel Percentage 5% 8% 10% 12% 20% 

 

If you are not sure of the size of your protein or are looking at proteins of a variety of molecular 

weights, then a gradient gel may provide the best resolution. 

 Cool all tubes to room temperature 

 With the spectrophotometer set to 562 nm, “zero” the instrument on a cuvette filled only 

with water. Subsequently, measure the absorbance of all the samples within 10 min. 
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Notes 

 We recommend using the SDS-PAGE Gel Preparation Kit is available from us (Boster Catalog 

# AR0138). It contains most of the reagents for the gel preparation and can be used to make 

both SDS-PAGE gel and native PAGE gel, respectively. 

 Many protocols are available for gel preparation. Please refer to the manufacturer’s guidelines 

for use of specific products. 

 Pre-cast gels may also be used instead of making your own gel. 

 
(i) Resolving Gel Preparation 

1. Determine volume needed and gently mix the ingredients for the chosen percentage of the 

resolving gel. 

2. Pour the solution into your gel casting form. 

3. Layer the top of the gel with distilled water. 

4. Wait approx. 30 min for the gel to polymerize completely. 

5. Remove the water from the polymerized resolving gel (absorb excess with paper towel). 

 
(ii) Stacking Gel Preparation 

6. Determine volume needed, gently mix the ingredients and pour the stacking gel on top of 

the running gel. 

7. Insert sample comb (avoid bubbles). 

8. Allow 30 to 60 min for complete gel polymerization. 
 

(B) Pre-electrophoresis Sample Preparation 

 
 Mix the extracted protein sample with 4X Dual Color Protein Loading Buffer (Boster Catalog 

# AR1142) at 3:1 ratio (i.e., add 300 µg sample to 100 µL Loading Buffer). 
 

Dual Color Protein Loading Buffer is designed to prevent protein degradation during sample heating 

prior to electrophoresis and is able to work against pH changes during SDS-PAGE run (Many proteins are 

sensitive to pH changes that result from temperature fluctuations of Tris buffers during electrophoresis). 

It contains two tracking dyes: blue (Bromophenol Blue) for tracking the progress of electrophoresis and 

pink (Pyronin Y) for monitoring of protein transfer to the membrane. Refer to the datasheet on our website 

for more information. 

 

 You may also use one of the following reagents/methods instead of the Dual Color Protein 

Loading Buffer: 

- 2X SDS-PAGE Protein Loading Buffer (Boster Catalog # AR0131) at 1:1 ratio (i.e. add 100 

µg sample to 100 µL Loading Buffer) 

- 5X SDS-PAGE Protein Loading Buffer (Boster Catalog # AR1112) at 4:1 ratio (i.e. add 400 

µg sample to 100 µL Loading Buffer) 

- 2X SDS-PAGE Tricine Protein Loading Buffer (Boster Catalog # AR1143) at 1:1 ratio (i.e. 

add 100 µg sample to 100 µL Loading Buffer) if detecting protein with MW < 10 kDa 

- Laemmli 2X Buffer (4% SDS, 10% 2-mercaptoethanol, 20% glycerol, 0.004% bromophenol 
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blue, 0.125 M Tris-HCl; pH 6.8) at 1:1 ratio (i.e. add 100 µg sample to 100 µL Loading Buffer) 

 Denature the sample/loading buffer mixture in a 100°C water bath for 5 min (or follow the 

manufacturer instructions); Alternatively, the mixture can be stored in aliquots at -20°C for 

several months or at 4°C for 1-2 weeks before use. 

 

(C) Loading Samples and Running Electrophoresis 

 

 Place the gel in the electrophoresis apparatus. 

 Fill both buffer chambers with SDS-PAGE Electrophoresis Buffer (25 mM Tris base, 190 mM 

glycine and 0.1% SDS; pH 8.3); We recommend using our buffer (Boster Catalog # AR0139). 

 Carefully remove the well-creating comb from the gel and rinse wells with the electrophoresis 

buffer. 

 Pipet your samples into the wells quickly to prevent possible sample diffusion inside the well 

(For a well with maximum 30 µL, load 20 to 25 µL of 1 µg/µL sample per well). 

 Pipette 10 µL of appropriate controls and/or molecular weight standards in separate well(s) 

 Connect the anode and cathode of the electrophoresis appropriately. 

 Turn on the power to run electrophoresis at 100V/130V* until the bromophenol blue dye 

reaches the gel bottom (This can take 1.5 to 3 hours). You should observe fine bubbles from 

the gel apparatus bottom as this observation indicated sufficient electric current is generated. 

 Turn off the power when the protein samples have finished migrating in the gel. 

 
Notes: 

 In a discontinuous system, the electrophoresis voltage for stacking gel is lower than that for 

resolving gel to ensure that proteins are concentrated on the same level before running into the 

resolving gel. 

 * The applied voltage should be adjusted according to the gel thickness, power supply used and 

resolution desired. 
 

 Protein Transfer (To Membrane) 

 
(i) Gel Staining (Optional) 

 
After electrophoresis, we recommend using one of our gel staining solutions to determine if 

the electrophoretic separation works. Refer to the datasheet(s) on our website for more 

information. 

 

 

Note: Stained gel cannot be used in the subsequent protein transfer procedure. 

 

 
 

 Coomassie Blue Staining & Destaining Solutions (Boster Catalog # AR0140) 

 Coomassie Blue Fast Staining Solution (Boster Catalog # AR0170) 

 Protein Silver Staining Reagents (Boster Catalog # AR0171) 
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(ii) Wet Transfer 

 
(a) Blotting Membrane Preparation 

 Cut the blotting membrane (NC or PVDF) according to the size of your gel (Tips: 

Cut a good supply of membranes in advance! Store in a cool, dry place). 

 Carefully mark the membrane orientation by cutting a corner or marking it with a 

pencil. 

 Soak the membrane in methanol for 1 min. 

 Immerse the membrane in 5 min with 1X transfer buffer (25 mM Tris base, 190 mM 

glycine and 20% methanol; pH 8.3) [Boster Catalog # AR1149] and rock the membrane 

gently until it sinks and water no longer beads up on the surface. 

 

(b) Transfer Cassette 

 Based on a sandwich model, install the electric transfer cassette in the following order: 

Foam Pad → Filter Paper → Gel → Membrane→ Filter Paper→ Foam Pad 

 
We recommend using one of the transfer pads from Boster: 

 Fast and Efficient Transfer Pad, 12.5 cm X 12.5 cm (Boster Catalog # AR0172) 

 Fast and Efficient Transfer Pad, 9 cm X 7.5 cm (Boster Catalog # AR0173) 
 
 

 
 

- Soak two filter papers in a separate container with the same transfer buffer 

- Crack open the transfer cassette with a spatula and make sure to loosen the cassette 

hold all the way around before carefully pulling apart the two halves (Before doing 

anything with the gel, such as cutting it, pay careful attention to the location of 

lane #1.). 

- Cut the gel according to the size of the membrane with a razor blade and then cut 

the corner on the side of the gel with lane #1. 

- Immerse the gel in 1X transfer buffer for 15-30 min. 

- Place the gray or black plate of the transfer cassette on a clean surface. 

- Place one pre-wetted foam pad on the gray side of cassette. 

- Place a moistened sheet of filter paper on the foam pad. 

- Carefully peel the gel off of the remaining half of the gel cassette and place it onto 

the filter paper (Moisten the gel with transfer buffer and use a serologically clean 

-  
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pipette or a Falcon tube, as if it were a rolling pin, to roll air bubbles out of the 

membrane). 

- Place the membrane onto the gel with the corners match up (Once the membrane 

contacts the gel, it should not be moved or “ghost bands” can result). 

- Complete the sandwich by placing a piece of filter paper onto the membrane. 

- Add the second foam pad on top of the filter paper. 

- Lock the transfer cassette firmly with the white latch (Be careful not to move the 

gel and filter paper sandwich and make sure that the foam pads, filter papers and 

membrane are thoroughly immersed in the transfer buffer). 

 
(c) Protein Transfer Run 

 
 

 
 

 Fill transfer tank with an adequate amount of 1X transfer buffer. 

 Firmly insert transfer cassette into the slot of the transfer apparatus. 

 Place the lid on top of the transfer tank and make sure the electrodes are lined 

correctly (Gel should be closer to the cathode; membrane should be closer to the 

anode. Negatively charged proteins will migrate towards the anode.). 

 Set power source to constant voltage and operate at 25 V for 30 min*. 

 Check the protein transfer efficiency by membrane staining: Place membrane in 

Ponceau S staining (0.2% w/v Ponceau S; 5% glacial acetic acid) or our Imprinted 

Membrane Fast Reversible Protein Staining Reagent (Boster Catalog # AR0142) for 5-

10 min (A visible red band will appear; The membrane may be de-stained completely 

by repeatedly washing in wash buffer). 

 
Notes 

1. The transfer can be completed overnight at a lower voltage, for example, 10 V. 

2. Transfer time and voltage should be optimized according to the gel concentration. Higher 

gel concentration requires additional time. 
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(D) Membrane Blocking 

 Rinse the blotting membrane 3X using TBS Wash Buffer (20 mM Tris, pH 7.5; 150 mM NaCl; 

0.05% Tween 20) [Boster Catalog # AR0144] at room temperature for 10 min each time. 

 After rinsing, immerse the blotting membrane in TBS Blocking Buffer (5% non-fat dry milk in 

buffer of 20 mM Tris, pH 7.5; 150 mM NaCl) [Boster Catalog AR0143] and incubate for 

1.5 - 2 hours at room temperature (or overnight 4°C) with shaking. Alternatively, buffer 

containing non-fat dried milk, gelatin, or BSA can be used. For use with biotin systems or 

detection of phosphoproteins, non-fat dried milk is not recommended. 

 
(E) Antibody Incubation 

 
After blocking, the membrane is incubated with a primary antibody (that binds to the target 

protein) followed by a HRP- or AP-conjugated secondary antibody. 

 
 Dilute the primary antibody with the TBS Wash Buffer (Boster Catalog # AR0144); Follow 

the antibody protocol from the manufacturer for optimal dilution. 

 Incubate the primary antibody and the membrane at 4°C overnight or for 1-2 hours at room 

temperature. For the best results, incubation time and antibody concentration may need to be 

optimized. 

 Wash the membrane 3X with the TBS Wash Buffer for 10 min each to remove unbound 

antibody. 

 Dilute the secondary antibody with the TBS Blocking Buffer (Boster Catalog # AR0143); 

Follow the antibody protocol from the manufacturer for optimal dilution. 

 Incubate the secondary antibody and the membrane at 4°C overnight or 1-2 hours at room 

temperature on a shaker. 

 Wash the membrane 3X with the TBS Wash Buffer for 10 min each to remove unbound 

antibody. 
 

(F) Signal Detection 

 
In this section, we provide the protocols for the Enhanced Chemiluminescence Detection (ECL) 

and colorimetric detection (DAB or BCIP/NBT) methods. Use the method that fits your 

preferences and criteria. 

 

(ii) Enhanced Chemiluminescence Detection (ECL) 

 
(a) ECL Substrate Preparation 

 Choose the correct ECL kit† according to the species that the primary antibody is raised. 

Origin of Primary Antibody Species Catalog # of ECL Kit* 

Mouse IgG EK1001 
Rabbit IgG EK1002 

Goat IgG EK1003 

Rat IgG EK1004 

Mouse IgM EK1005 
* Each kit has sufficient reagents for 800 cm2 of membrane. 
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† Instead of using the ECL kit which provides 1) chromogenic reagents A and B (20X 
concentrated; 5 mL), 2) blocking buffer and 3) HRP-conjugated secondary antibody, 
one may use one of the following standalone chromogenic reagents A and B from 
Boster: 

 

 Reagent A Reagent B  
Product Conc. Volume Conc. Volume Catalog # 

Hypersensitive ECL Substrate 1X** 100 mL 1X** 100 mL AR1170 

Hypersensitive WB Substrate 20X 5 mL 20X 5 mL CR0001-5 
Hypersensitive WB Substrate 20X 10 mL 20X 10 mL CR0001-10 

Hypersensitive WB Substrate 20X 25 mL 20X 25 mL CR0001-25 
** Ready-to-use 

 

 Prepare the ECL substrate solution by mixing the following and use the solution 
within two hours of preparation: 

- 50 µL of 20X Chromogenic Reagent A (Luminol & Luminious Enhancer) 
- 50 µL of 20X Chromogenic Reagent B (Peroxidase & Stabilizer) 
- 1 mL of distilled water 

 

(b) Membrane Treatment 
 

 Thoroughly cover the membrane with the substrate solution (use 1 mL of solution 
for 10 cm2 of membrane). 

 Incubate the membrane at room temperature until bands appear (usually 1-5 
min; incubation time can be estimated in dark room). 

 Gently blot the edge of the membrane on a piece of paper to remove excess 
any substrate solution. 

 Put a clear preservative film or transparent glass paper over the membrane and 
remove any air bubbles observed. 

 

(c) Film Development and Fixing 
 

Develop and fix the film in a dark room immediately using our recommended WB 
Developing and Fixing Kit (Boster Catalog # AR0132); Alternatively, fluorescence CCD 
scan, digital imager or luminometer can be used). 

 

 Put the X-ray film over the membrane. 

 Develop the film by immersing it in developing solution for 10 sec to 10 min (Determine 

the exposure time required by observing under red light and stop developing once the 

film achieves the experimental purpose; Multiple exposures may be necessary for the 

optimal signal to noise ratio). 

 Wash the film with clean water (to remove the developing solution completely) and 

stop washing when bands appear. 

 Immerse the film in fixing solution for 3-5 min. 

 Wash the film with clean water to remove the fixing solution. 
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Notes 

- WB Stripping Buffer (Boster Catalog # AR0153) is recommended to remove primary 

and secondary antibodies on the membrane if proteins on the membrane need to be 

reused. 

- Use the control protein levels to normalize the target protein levels. 

 
(iii) Colorimetric Detection 

 
Prepare DAB or BCIP/NBT substrate solution described below. 

 
(a) DAB Substrate Preparation (For HRP-conjugated secondary antibodies) 

 
 Choose the correct DAB kit according to the species that the primary antibody is raised 

and the desirable color: 
 

Origin of Primary Antibody Species Color Catalog # of DAB Kit 
Mouse IgG Yellow SA2020 

Goat IgG Yellow SA2021 

Rabbit IgG Yellow SA2022 

Rat IgG Yellow SA2023 

Mouse IgG Blue SA2024 
Rabbit IgG Blue SA2025 

 

 Prepare the DAB substrate solution by mixing the following: 

- 50 µL of 40X Chromogenic Reagent A (DAB) 
- 50 µL of 40X Chromogenic Reagent B (H2O2) 
- 50 µL of 40X Chromogenic Reagent C (TBS Wash Buffer) 
- 2 mL of distilled water 

 
(b) BCIP/NBT Substrate Preparation (For AP-conjugated secondary antibodies) 

 
 Prepare the BCIP/NBT substrate solution by mixing the following: 

- 50 µL of 20X Chromogenic Reagent A (BCIP/NBT) 
- 50 µL of 20X Chromogenic Reagent B (Tris concentrated buffer, pH 9.4) 
- 1 mL of distilled water 

 
(c) Membrane Treatment 

 

 Thoroughly cover the membrane with the substrate solution (use 1 mL of solution for 
10 cm2 of membrane). 

 Incubate the membrane at room temperature until bands appear (usually 10-30 min); 
incubation for BCIP/NBT should be done in dark. 

 Wash the membrane in distilled water to stop the reaction. 

 Observe the bands and take pictures. 
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Tips for Convincing Your PI to Purchase Pre-Cast Gels 
 

 

 

 

 
1. Every homemade gel is unique, takes hours to prepare, and once made doesn’t last more than a few 

days. Pre-cast gels are consistent, ready to run in minutes, and last for months. 

 
2. Pre-cast gels have  become  ubiquitous  in  academic  and  commercial  laboratories  worldwide, 

referenced in 1,000’s of peer-reviewed papers. 

 
3. Gel components are toxic nerve damaging substances; exposure to the process is dangerous and 

unnecessary. Don’t you care about your staff (technicians, grad students, post-docs, etc.)? 

 
4. Laemmli? Oh right, my grandfather used to talk about his gel chemistry, back in the days. Slab gels, 

wow. 

 
5. With all due respect, the 1970’s called and would like their homemade gels back. 
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Safety and Good Laboratory Practices 

 
At Boster we care about your safety so we have included this section on good laboratory 

practices. These are general guidelines. Please consult your environmental health and safety 

office for rules and regulations specific to your institution. 

 
1. Always use chemical safety glasses, nitrile gloves, fully buttoned front or back closing lab coat, and 

closed toe shoes. 

 
2. Use gloves and clean blunt-ended forceps to prevent hand contact with membrane, film or reagents. 

 
3. All handling of chemicals should be done under a chemical fume hood; always point open test tubes 

away from face to minimize inhalation. 

 
4. Acrylamide, as a monomer, is considered toxic, carcinogenic, and may cause CNS damage. It is readily 

absorbed through intact skin from aqueous solutions. However, once polymerized, the solid 

polyacrylamide is considered quite safe. However, PAGE gels should still be handled with gloves under the 

assumption that they may still contain unreacted monomer. 

 
5. Keep the assay kit’s product insert and be sure it is available to testing personnel. Use the product insert 

for the kit currently in use; do not use old product inserts. 

 
6. Read the product insert before running the assay to check for changes in procedures or quality control: 

a. Become familiar with the test procedure. The language used to convey the instructions is important. 

Words like ‘always’, ‘shall’, ‘must’, and ‘required’ mean the instruction is regulatory and must be 

performed. ‘Should’ or ‘recommend’ mean the action is not regulatory, but it is good laboratory 

practice to perform those actions. 

b. Study each step and perform them in the proper order. 

c. Know the time required for performing the test and achieving the optimal result. 

d. Be sure to have all required reagents and equipment ready before actually performing the assay. 

 
7. Be sure the electrophoresis apparatus can be used safely: 

a. Check the physical integrity of equipment and follow operating instructions carefully. 

b. Use physical barriers to prevent inadvertent contact with apparatus, including keeping away from 

water sources. 

c. Only use insulated lead containers. 

d. Turn off power before connecting electrical leads, opening lid, or reaching into container. 

e. Connect one lead at a time using only one gloved dry hand. 

f. Use warning signs to alert others of potential electrical hazard and do not disable safety devices. 

 
8. Avoid ignition sources; use absorbent materials to contain any spill; dispose of waste in properly labeled 

hazardous waste containers. 
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Troubleshooting Guide 

The following guide serves as a checklist for the possible causes and solutions with respect to some of the 
most commonly encountered problems from the WB assays. 

 
 High Background 

 

 Possible Cause Solution 

1 Too high antibody concentration ► Optimize and decrease antibody concentration 

2 Aggregate secondary antibody 
formation 

► Filter the secondary antibody through 0.2μm filter 
 
► Use a new secondary antibody 

3 Too high antibody incubation 
temperature 

► Incubate the antibody at 4°C 

4 Non-specific secondary antibody 
binding or cross-reactivity with 
blocking agent 

► Run secondary antibody control (without the primary) 
 

► Decrease secondary antibody concentration 

5 Cross-reactivity of primary or 
secondary antibody with blocking 
agent 

► Add Tween-20 to the incubation and washing buffer 

6 Incompatible blocking agent ► Compare different blocking buffers 

7 Incomplete blocking ► Optimize choice of blocking buffer 
 

► Increase protein concentration in blocking agent 
 
► Optimize blocking time and/or temperature; Block for 

2 hours at normal temperature or overnight at 4°C 
 

► Add 0.05% Tween 20 detergent into blocking agent 
 

► Add 0.05% Tween 20 detergent into antibody diluents 
solution 

8 Insufficient blocking ► Extend blocking time or use a compatible blocking 
agent (e.g. skim milk, BSA, serum, etc.) 
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9 Cross-reactivity of antibody with 
other proteins 

► Use different blocking agent (Do not use skim milk 
with biotin system 

 

► Reduce secondary antibody concentration 
 

► Test cross-reactivity between secondary antibody and 
membrane 

 

10 Insufficient washing ► Increase number of washes and buffer volume 
 

► Add 0.05% Tween 20 detergent into washing buffer 

11 Too long exposure time ► Reduce exposure time 

12 Membrane problem ► Use clean tweezers; Operate with gloves 
 
► Use new membranes 

 
► Ensure the liquid is enough to keep the membrane 

moist 
 

► Use decolorization table in incubation 
 

► Avoid membranes overlapping 
 
► Handle carefully and avoid damaging membrane 

13 Insufficient membrane wash ► Increase the number of wash 

14 Incompatible membrane ► Nitrocellulose membrane’s background is lower than 
that of PVDF membrane 

15 Dry membrane ► Make sure membrane is covered with a sufficient 
amount of liquid and prevent it from drying 

16 Contaminated buffer ► Use new buffer or filter buffer before use 

17 Contaminated equipment ► Ensure all equipment and tools are clean and no gel is 
left on membrane 
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 Weak/No Signal 

 

 Possible Cause Solution 

1 Improper protein transfer to 
membrane 

► Stain gel after transfer is complete to determine 
transfer is efficient 

 

► Use Ponceau S to stain membrane to determine 
transfer is efficient 

 

► Ensure sufficient contact between gel and membrane 
during transfer 

 

► Make sure transfer sandwich is assembled correctly 
 

► Wet membrane according the instruction 
 

► Avoid overheating during electro-transfer 
 

► Use positive control or molecular weight markers 

 

► Optimize transfer time and current 
 

► Use Boster’s Membrane-Transferring Buffer (AR1149) 
 

► Avoid sample (antigenic determinant) destroy 
when handling 

2 Insufficient protein and membrane 
binding 

► Adding 20% methanol to transfer buffer 
 

► Use small-bore membrane 

3 Insufficient antibody ► Increase antibody concentration 

4 Insufficient antigen ► Load more protein 

5 Antigen masking by blocking 
buffer 

► Compare different blocking buffers 

 

► Optimize protein concentration of blocking agent 

 

► Reduce blocking time 

6 Presence of sodium azide in 
buffers 

► Eliminate sodium azide from buffers 

7 Too short exposure time ► Lengthen film exposure time 
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8 Too short substrate incubation 
time 

► Lengthen substrate incubation time to five minutes 

9 Digestion of protein on membrane ► Optimize amount of blocking agent 

10 Degradation of protein during 
storage 

► Re-prepare protein sample 

11 Incompatible primary and 
secondary antibodies 

► Make sure primary antibody, secondary antibody, 
substrate, enzyme system and samples are compatible 

 

► Use loading control to test effectiveness of second 
detecting system 

12 Low concentration of primary 
antibody and/or secondary 
antibody 

► Increase antibody concentration 

 

► Increase incubation time 

13 Cross-reactivity between blocking 
agent and antibodies (primary or 
secondary) 

► Use mild detergent such as Tween20 

 

► Change blocking agent (commonly used are milk, BSA, 
serum or gelatin) 

14 Inability of primary antibody to 
recognize the protein in tested 
sample 

► Check instruction 

 

► Use positive control 

15 Low or none content of target 
protein (ineffective antigen) 

► Use positive control 
 

► Increase loading amount to 20-30 µg protein per well 
 

► Use protease inhibitor or fractional extract target 
protein 

16 Insufficient transfer and excessive 
wash 

► Check the transfer with Ponceau S 

 

► Soak PVDF-membrane in methanol 

 

► Avoid excessive wash 

17 Over-blocking ► Use 0.05% skim milk or no milk diluents buffer 
 

► Change blocking agent 

 

► Reduce blocking time 
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18 Loss of primary antibody 
effectiveness 

► Prepare fresh antibody and store properly when not in 
use 

 

► Avoid repeated freezing and thawing 

19 Inhibition of secondary antibody 
by sodium azide 

► Avoid using sodium azide together with HRP- 
conjugated antibodies 

20 Loss of effectiveness in enzyme 
conjugate and substrate 

► Mix enzyme conjugate and substrate (no color 
development when enzyme is inactive) 

 

► Use activated enzyme conjugate and fresh substrate 

21 Improper wet transfer for 
membrane 

► Soak PVDF membrane in 100% methanol 

22 Insufficient molecular weight of 
target protein (< 10 kDa) 

► Use small-bore membrane 

 

► Reduce transfer time 

23 Equality or nearness in values 
between target protein’s isoelectric 
point and transfer buffer’s pH 
value 

► Try other buffers such as CAPS buffer (pH 10.5) 

 

► Try low pH value buffers such as acetic acid buffer 

24 Too high methanol concentration ► Decrease methanol concentration or use isopropyl 
alcohol 

 
 Nonspecific Bands 

 

 Possible Cause Solution 

1 Non-specific binding to 
immobilized protein bands caused 
by SDS 

► Wash blots after transfer 
 

► Do not use SDS 

2 Gradually accumulative differences 
of protein expression profiles due 
to frequent passage of cell lines 

► Go back to original non-passaged cell line & run 
current and original cell line samples in parallel 

3 Degraded protein sample ► Use fresh sample 
 

► Use protease inhibitor 
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4 Presence of new proteins or 
different splice variants that share 
similar epitopes (Possible that 
same protein family is detected) 

► Check literature for other reports (also perform a 
BLAST search) 

 
► Use cell line or tissue reported on instruction 

5 Presence of impurities with 
antibody 

► Use monoclonal antibody 
 

► Purify the antibody by affinity method, for example 

6 Formation of multi-mer on protein 
target 

► Before running SDS-PAGE gel, boil protein for 10 
minutes to disrupt multi-mer 

7 Formation of different protein 
subtypes which have different 
molecular weights 

► Examine literature and use bioinformatics analysis to 
estimate correct size of protein 

8 Presence of multi-modifier locus 
in protein 

► Examine literature and use bioinformatics analysis to 
confirm presence of modifier locus and its molecular 
weight 

9 Too high primary antibody 
concentration 

► Decrease primary antibody concentration 

10 Non-specific bands caused by 
secondary antibody 

► Use fluorescence labels on primary antibody 

11 Excess protein on gel ► Reduce amount of total protein loaded on gel 

12 Insufficient washing ► Increase number of wash 

13 Blocking problem ► Increase blocking time 
 
► Optimize choice of blocking agent 

 
 Diffuse Bands 

 

 Possible Cause Solution 

1 Too high antibody concentration ► Decrease antibody concentration 

2 Excess protein on gel ► Reduce amount of total protein loaded on gel 

3 Over-fast protein transfer (and/or 
over-heated gel during 
electrophoresis) 

► Increase transfer time 
 
► Apply cooling system for electrophoresis 
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FAQs 

 
1. What is Western Blotting? 

 
Western blotting (WB) is a technique that separates proteins based on molecular weight. Generally, 

smaller proteins migrate through the gel more quickly than larger ones. After extracting the protein of 

interest and determining its quantity, WB involves gel electrophoresis which serves to separate the 

protein in cell lysate or tissue homogenate samples. The lysates and homogenates have to be carefully 

prepared to preserve protein integrity. The separated proteins are then transferred to a membrane 

followed by a blocking step to prevent non-specific binding. The protein is then next probed with 

enzyme-labeled antibodies. Finally, a substrate is added, and it reacts with the enzyme to generate a 

detectable product. 

 
2. Why are the band sizes different from what is expected? 

 
A few common reasons are: 

 Post-translational modifications that increase protein size: phosphorylation, glycosylation, 

nitrosylation, etc. (Many proteins are synthesized in a non-active, proprotein form with extra amino 

acid chains that block the protein’s activity). 

 Post-translational  modifications  that  decrease  protein  size  such  as  cleavage  (Cleavage  by 

proprotein convertases removes these inhibitory amino acid chains, causing a loss of molecular 

weight). 

 Splice variants and isoforms that can produce proteins of different molecular weights from the 

same gene. 

 Relative charge of amino acids (charged vs non-charged) can change the isoelectric point of a 

protein. 

 Multimer  formation  where  insufficiently  reducing  conditions  can  allow  proteins  to  form 

aggregates, which result in high molecular weight bands. 

 
3. How much sample should be loaded? 

 
The appropriate amount of protein to be loaded is a variable that must be optimized by the researcher 

based on the expression level of the protein of interest in the sample being tested. This also depends on 

the volume of sample that can be accommodated by the gel. For example, some larger format gels can 

accommodate as much as 30 µL of sample and buffer, while others can only accommodate 15 µL. We 

suggest using a range of loading amounts, for example, 10 to 50 µg of total protein per well for tissue 

homogenates and cell lysates and 10 to 100 ng of total protein for purified protein samples. 

 
4. I am having difficulty obtaining a band when detecting a recombinant protein. Why is this? 

 
Detection of recombinant proteins presents a number of challenges that must be considered. For 

example, you must ensure that the recombinant protein expressed in the sample includes the 

immunogenic sequence for the antibody being used. Folding of the recombinant protein may be 
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different from the endogenous native form, and this may prevent access of the antibody to the epitope. 

This is particularly true for tagged proteins. We therefore suggest placing the tag at the C- or N- 

terminus of the recombinant protein whenever possible to reduce the chance of encountering this 

problem. We also strongly recommend an endogenous positive control as part of the experimental 

design when detecting recombinant proteins in WB. 

 
5. Do my samples need to be reduced and denatured? 

 
Review the antibody data sheet to see whether the antibody used has been tested under reduced and 

denatured conditions exclusively. If this is the case, we recommend using reducing and denaturing 

conditions. 

 
6. Is there a difference between milk and BSA blocking? 

 
We advise reviewing the data sheet for any recommended blocking agents because antibodies can be 

very sensitive to the blocking agents used. BSA will usually yield clearer results because it contains 

fewer cross-reactive proteins. However, some antibodies will work better with milk which contains a 

greater variety of blocking proteins. 

 
7. Can I incubate the primary antibody at room temperature for one hour instead of an overnight 

incubation at 4°C? 

 
We recommend beginning with your data sheet which should specify the optimized incubation 

conditions. Generally, an overnight incubation at 4°C will result in more efficient and specific staining. 

However, many antibodies will work just fine with a one- or two-hour incubation at room temperature. 

 
8. Why do I get a no/weak signal? 

 
Please review the section of Troubleshooting Guide (No/Weak Signal) in this handbook. 

 
9. Why is the background high? 

 
Please review the section of Troubleshooting Guide (High Background) in this handbook. 

 
10. Why are there multiple bands? 

 
There may be a number of reasons that lead to multiple bands, including: 

a. A high concentration of primary and/or secondary antibody in which case an antibody titration is 

suggested to find an optimal working concentration. We also advise using a no-primary antibody 

control. 

b. Too much sample being loaded into the gel, and this can result in non-specific binding by the 

antibody. We suggest experimenting with a range of total protein loading to identify an appropriate 

loading amount. 
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c. Actual modifications to the protein such as: 

i. Bands at lower-than-expected molecular weight that can be the result of protein degradation (To 

prevent this, use protease inhibitors and keep the samples on ice). 

ii. Protein aggregation and dimerization leading to higher-than-expected molecular weight bands (To 

prevent this, boil the sample in SDS-PAGE buffer containing a denaturing agent [e.g. 

dithiothreitol, β-mercaptoethanol] or extend boil time. It may also be helpful to compare the results 

from reducing and non-reducing gels). 

 
11. Why are there spots/dots on the blot? 

 
Uneven, white spots may appear on the blot as a result of air bubbles being trapped against the 

membrane during transfer, causing uneven distribution of the antibody on the membrane. To avoid 

this, we suggest using a falcon tube to carefully roll out any air bubbles that may have become trapped 

while preparing the gel for transfer. On the other hand, black spots can be the result of the antibody 

binding to the blocking agent. In this case, we suggest filtering the blocking agent to avoid this problem. 

 
12. Why is the MW lane black? 

 
The antibody may be reacting with the MW marker. We advise leaving a blank lane between the MW 

marker and the first sample. 

 

13. Why do I get a smiley gel? 

 
Electrophoresis may have been done too quickly or heated up too much. We suggest using a lower 

voltage and a longer time period for the migration and/or performing electrophoresis in a cold 

room/on ice. 

 

14. Why do the bands for the same protein have different sizes than I expected? 

 
The gel may have set too quickly during casting, causing uneven acrylamide percentage between the 

lanes. We recommend that you review the gel recipe. Also, try adding TEMED to the gels and add a 

small amount of 0.1% SDS in water to the top of the migrating gel (The SDS keeps the gel from drying 

out). 

 

15. How can I ensure adequate transfer based on MW? How can I fix an incomplete transfer? 

 
Incomplete transfer can be resolved by using a longer transfer time or by using a higher voltage. In 

general, we recommend adding 20% methanol to the transfer buffer and transferring 70 V for 1.5 

hours. Transfers can also be done overnight at low voltage (i.e., 10 V). For high molecular weight 

proteins, we suggest (a) reducing the methanol in transfer buffer to 5% because larger proteins can 

become stuck in the gel matrix at higher methanol concentrations; (b) using a longer transfer [e.g. 70 

V for 3 hours]. 
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It is important to note that once the membrane has been pulled away from the gel, it is no longer 

advisable to attempt to rescue an inadequate transfer. Doing so will result in ghost bands as it is nearly 

impossible to place the membrane precisely on the gel as it was during the transfer. 

 
16. What percentage acrylamide gel should I use to resolve the proteins? 

 
The size of the pores in a gel is inversely related to the amount of acrylamide used. For example, a 4% 

polyacrylamide gel has larger pores than a 12% gel. Thus, gels with lower percentages of acrylamide are 

generally used for larger proteins while higher-percentage gels are used to resolve small proteins. On 

the other hand, gradient gels (prepared with a low polyacrylamide percentage at the top which becomes 

progressively higher toward the bottom of the gel, i.e., 4 to 20%) enable the experimenter to resolve a 

range of protein sizes. 

 

17. What dilution of primary antibodies should I use for WB? 

 
Optimal antibody concentration will give you good signal with minimum background. Obviously, to 

save on costs, it is desirable to use as dilute an antibody as possible to get sufficient signal while 

conserving antibody. Therefore, it is generally a good idea to conduct a titration experiment with new 

antibodies, using a range of concentrations that includes the manufacturer’s suggested dilution. For 

example, if the manufacturer suggests a dilution of 1:100, you might also test 1:50, 1:200, 1:500 and 

1:1000. This should help you determine the ideal dilution for your conditions. For antibodies with no 

suggested dilution, it is advisable to begin with titration experiments in the following ranges based on 

antibody format: 

 

 Tissue culture supernatant: neat to 1:10 

 Ascites: 1:100 

 Whole Antiserum: 1:50 to 1:100 

 Purified Antibody: 5 µg/mL 
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Ordering Information 
 
High-quality and innovative products are critical for maximizing the success rate of western blot-based 

protein analysis. These are the same reagents developed by our scientists and released by our QC team 

when delivering to our customers, so we have the experience to support every step of your WB experiment. 

 
Protein Extraction 

 
Product Size Cat. No. 

Mammal Tissue Protein Extraction Reagent 100 mL AR0101 

Mammal Cell Protein Extraction Reagent 100 mL AR0103 

Bacterial Cell Protein Extraction Reagent 50 mL AR0157 

Cytoplasmic & Nuclear Protein Extraction Kit 1 Kit AR0106 

Membrane Protein Extraction Kit 1 Kit AR0155 

Mitochondria Extraction Kit 1 Kit AR0156 

Phosphatase Inhibitor Cocktail II 80 mg AR1120 

Phosphatase Inhibitor Cocktail III 80 mg AR1121 

Broad Spectrum Protease Inhibitor Cocktail 1 mL AR1182 

Broad Spectrum Phosphatase Inhibitor Cocktail 80 mg AR1183 

RIPA Lysate Solution 50 mL AR0105 

 
Protein Quantitation Assay 

 
Product Size Cat. No. 

BCA Protein Assay Kit 1 Kit AR0146 

Micro BCA Protein Assay Kit 1 Kit AR1110 

Coomassie Plus Protein Assay Kit 1 Kit AR0145 

 
Sample Loading and Electrophoresis 

 
Product Size Cat. No. 

SDS-PAGE Loading Buffer 2X 6 mL AR0131 

SDS-PAGE Loading Buffer 5X 3 mL AR1112 

SDS-PAGE Tricine Loading Buffer 2X 6 mL AR1143 

SDS-PAGE Electrophoresis Buffer 1 L (Powder) AR0139 

SDS-PAGE Gel Electrophoresis Kit 1 Kit AR0138 

Dual Color Protein Loading Buffer 4X 6 mL AR1142 

 
 
Gel Stains 

 
Product Size Cat. No. 

Coomassie Blue Staining & Destaining Solutions 1 Kit AR0140 

Coomassie Fast Staining Solution 1 Kit AR0170 

Protein Silver Staining Reagent 1 Kit AR0171 
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Protein Transfer 

 
Product Size Cat. No. 

NC Membrane (0.22 µm, 9 cm X 10 cm) 20 Pieces AR0135-02 

NC Membrane (0.45 µm, 9 cm X 10 cm) 20 Pieces AR0135-04 

Transfer Buffer 1 L (Powder) AR1149 

Fast & Efficient Transfer Pad (12.5 cm X 12.5 cm) 100 Pieces AR0172 

Fast & Efficient Transfer Pad (9 cm X 7.5 cm) 100 Pieces AR0173 

Imprinted Membrane Fast Reversible Protein Staining Reagent 12 mL AR0142 

 
Blocking 

 
Product Size Cat. No. 

TBS Blocking Buffer 1 L (Powder) AR0143 

TBS Washing Buffer 1 L (Powder) AR0144 

PBS Washing Buffer 1 L (Powder) AR1155 

 
Primary Antibodies 

 
We take pride in our 2100+ antibodies that have been validated for WB applications. Our PicobandTM 

antibodies (Catalog numbers started with “PB”) are carefully developed with the best immunogens to 

ensure minimal cross reactivity and maximum affinity. The table below describes some of the finest 

WB primary antibodies in our broad primary antibody portfolio. See the Antibody Protein Target List 

for a complete list of target proteins that we provide associated antibodies for your target of interest. 

 

Product Reactivity Size Cat. No. 

Adiponectin: Picoband, Polyclonal Rabbit IgG Human 100 µg PB9001 

ALK: Polyclonal Rabbit IgG Human, Mouse, Rat 100 µg PA1741 

BCL-2: Monoclonal Mouse IgG1 Human 100 µg MA1004 

BDNF: Polyclonal Rabbit IgG Human, Mouse, Rat 100 µg PA1041 

BRCA1: Picoband, Polyclonal Rabbit IgG Human, Mouse, Rat 100 µg PB9015 

CCR5: Polyclonal Rabbit IgG Human, Mouse, Rat 100 µg PA1016 

CD45: Polyclonal Rabbit IgG Human 100 µg PA1596 

EGFR: Picoband, Polyclonal Rabbit IgG Human, Rat 100 µg PB9016 

HDAC1: Polyclonal Rabbit IgG Human, Mouse, Rat 100 µg PA1349 

ICAM-1: Picoband, Polyclonal Rabbit IgG Human 100 µg PB9004 

Integrin Beta 3: Picoband, Polyclonal Rabbit IgG Human, Mouse, Rat 100 µg PB9806 

Interferon Gamma: Picoband, Polyclonal Rabbit IgG Rat 100 µg PB9024 

Ki-67: Picoband, Polyclonal Rabbit IgG Human 100 µg PB9026 

Macrophage Inflammatory/CCL4: Polyclonal IgG Mouse 100 µg PA1379 

P27 KIP 1: Monoclonal Mouse IgG Human, Mouse, Rat 100 µg MA1076 

PARP: Polyclonal Rabbit IgG Human, Mouse, Rat 100 µg PA2227 

S-100 (β-Subunit): Monoclonal Mouse IgG1 Human, Rabbit, Rat 100 µg MA1088 

TNF: Picoband, Polyclonal Rabbit IgG Rat 100 µg PB9010 
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Secondary Antibodies (Biotin-Conjugated) 
 

Product Size Cat. No. 

Biotin-Conjugated Goat Anti-Mouse IgG Secondary Antibody 0.5 mg BA1001-0.5 

Biotin-Conjugated Goat Anti-Mouse IgG Secondary Antibody 1 mg BA1001-1 

Biotin-Conjugated Goat Anti-Mouse IgM Secondary Antibody 0.25 mg BA1004-0.25 

Biotin-Conjugated Goat Anti-Mouse IgM Secondary Antibody 0.5 mg BA1004-0.5 

Biotin-Conjugated Goat Anti-Rabbit IgG Secondary Antibody 0.5 mg BA1003-0.5 

Biotin-Conjugated Goat Anti-Rabbit IgG Secondary Antibody 1 mg BA1003-1 

Biotin-Conjugated Mouse Anti-Rabbit IgG Secondary Antibody 0.5 mg BM2004-0.5 

Biotin-Conjugated Mouse Anti-Rabbit IgG Secondary Antibody 1 mg BM2004-1 

Biotin-Conjugated Rabbit Anti-Rat IgG Secondary Antibody 0.5 mg BA1005-0.5 

Biotin-Conjugated Rabbit Anti-Rat IgG Secondary Antibody 1 mg BA1005-1 

Biotin-Conjugated Rabbit Anti-Goat IgG Secondary Antibody 0.5 mg BA1006-0.5 

Biotin-Conjugated Rabbit Anti-Goat IgG Secondary Antibody 1 mg BA1006-1 

Biotin-Conjugated Rabbit Anti-Human IgG Secondary Antibody 0.5 mg BA1020-0.5 

Biotin-Conjugated Rabbit Anti-Human IgG Secondary Antibody 1 mg BA1020-1 

Biotin-Conjugated Goat Anti-Human IgM Secondary Antibody 0.25 mg BA1022-0.25 

Biotin-Conjugated Goat Anti-Human IgM Secondary Antibody 0.5 mg BA1022-0.5 

Biotin-Conjugated Mouse Anti-Human IgG Secondary Antibody 0.5 mg BM2001-0.5 

Biotin-Conjugated Mouse Anti-Human IgG Secondary Antibody 1 mg BM2001-1 

Biotin-Conjugated Protein A 0.5 mg BA1025-0.5 

Biotin-Conjugated Protein A 1 mg BA1025-1 

Biotin-Conjugated Protein G 0.5 mg BA1026-0.5 

Biotin-Conjugated Protein G 1 mg BA1026-1 

 
Secondary Antibodies (HRP-Conjugated) 

 
Product Size Cat. No. 

HRP-Conjugated Goat Anti-Mouse IgG Secondary Antibody 0.5 mg BA1050-0.5 

HRP-Conjugated Goat Anti-Mouse IgG Secondary Antibody 1 mg BA1050-1 

HRP-Conjugated Goat Anti-Mouse IgM Secondary Antibody 0.25 mg BA1075-0.25 

HRP-Conjugated Goat Anti-Mouse IgM Secondary Antibody 0.5 mg BA1075-0.5 

HRP-Conjugated Goat Anti-Rabbit IgG Secondary Antibody 0.5 mg BA1054-0.5 

HRP-Conjugated Goat Anti-Rabbit IgG Secondary Antibody 1 mg BA1054-1 

HRP-Conjugated Rabbit Anti-Rat IgG Secondary Antibody 0.5 mg BA1058-0.5 

HRP-Conjugated Rabbit Anti-Rat IgG Secondary Antibody 1 mg BA1058-1 

HRP-Conjugated Rabbit Anti-Goat IgG Secondary Antibody 0.5 mg BA1060-0.5 

HRP-Conjugated Rabbit Anti-Goat IgG Secondary Antibody 1 mg BA1060-1 

HRP-Conjugated Goat Anti-Human IgA Secondary Antibody 0.25 mg BA1066-0.25 

HRP-Conjugated Goat Anti-Human IgA Secondary Antibody 0.5 mg BA1066-0.5 

HRP-Conjugated Rabbit Anti-Human IgG Secondary Antibody 0.5 mg BA1070-0.5 

HRP-Conjugated Rabbit Anti-Human IgG Secondary Antibody 1 mg BA1070-1 

HRP-Conjugated Goat Anti-Human IgM Secondary Antibody 0.25 mg BA1077-0.25 

HRP-Conjugated Goat Anti-Human IgM Secondary Antibody 0.5 mg BA1077-0.5 

HRP-Conjugated Protein A 0.5 mg BA1080-0.5 

HRP-Conjugated Protein A 1 mg BA1080-1 

HRP-Conjugated Streptavidin 0.5 mg BA1088-0.5 
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Secondary Antibodies (HRP-Conjugated): Continued 

 
Product Size Cat. No. 

HRP-Conjugated Streptavidin 1 mg BA1088-1 

HRP-Conjugated Avidin 0.5 mg BA1081-0.5 

HRP-Conjugated Avidin 1 mg BA1081-1 

HRP-Conjugated Rabbit Anti-Avidin 0.5 mg BA1082-0.5 

HRP-Conjugated Rabbit Anti-Avidin 1 mg BA1082-1 

 
Secondary Antibodies (Un-Conjugated) 

 
Product Size Cat. No. 

Un-Conjugated Goat Anti-Mouse IgG Secondary Antibody 1 mg BA1038-1 

Un-Conjugated Goat Anti-Mouse IgG Secondary Antibody 5 mg BA1038-5 

Un-Conjugated Rabbit Anti-Mouse IgG Secondary Antibody 1 mg BA1048-1 

Un-Conjugated Rabbit Anti-Mouse IgG Secondary Antibody 5 mg BA1048-5 

Un-Conjugated Goat Anti-Rabbit IgG Secondary Antibody 1 mg BA1039-1 

Un-Conjugated Goat Anti-Rabbit IgG Secondary Antibody 5 mg BA1039-5 

Un-Conjugated Rabbit Anti-Goat IgG Secondary Antibody 1 mg BA1040-1 

Un-Conjugated Rabbit Anti-Goat IgG Secondary Antibody 5 mg BA1040-5 

Un-Conjugated Rabbit Anti-Human IgG Secondary Antibody 1 mg BA1041-1 

Un-Conjugated Rabbit Anti-Human IgG Secondary Antibody 5 mg BA1041-5 

Un-Conjugated Rabbit Anti-Rat IgG Secondary Antibody 1 mg BA1042-1 

Un-Conjugated Rabbit Anti-Rat IgG Secondary Antibody 5 mg BA1042-5 

Un-Conjugated Human IgG Secondary Antibody 1 mg BA1043-1 

Un-Conjugated Human IgG Secondary Antibody 5 mg BA1043-5 

Un-Conjugated Goat IgG Secondary Antibody 1 mg BA1044-1 

Un-Conjugated Goat IgG Secondary Antibody 5 mg BA1044-5 

Un-Conjugated Rabbit IgG Secondary Antibody 10 mg BA1045 

Un-Conjugated Mouse IgG Secondary Antibody 1 mg BA1046 

Un-Conjugated Rat IgG Secondary Antibody 1 mg BA1047 

 
Protein Detection (Hypersensitive Substrates and Film Developing/Fixing Reagents) 

 
Product Size Cat. No. 

Hypersensitive ECL Substrate (Ready-to-Use) 100 mL AR1170 

Hypersensitive WB Substrate (20X Concentrated) 5 mL CR0001-5 

Hypersensitive WB Substrate (20X Concentrated) 10 mL CR0001-10 

Hypersensitive WB Substrate (20X Concentrated) 25 mL CR0001-25 

WB Developing Fixing Kit 1 Kit AR0132 

WB Stripping Buffer 100 mL AR0153 

 

 

(To be continued on next page) 
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Protein Detection (Enhanced Chemiluminescent [ECL] Kit) 

 
Product Size Cat. No. 

ECL Kit (Mouse IgG) 1 Kit EK1001 

ECL Kit (Rabbit IgG) 1 Kit EK1002 

ECL Kit (Goat IgG) 1 Kit EK1003 

ECL Kit (Rat IgG) 1 Kit EK1004 

ECL Kit (Mouse IgM) 1 Kit EK1005 

 
Protein Detection (Chromogenic DAB Kit) 

 
Product Color Size Cat. No. 

DAB Kit (Mouse IgG) Yellow 1 Kit SA2020 

DAB Kit (Goat IgG) Yellow 1 Kit SA2021 

DAB Kit (Rabbit IgG) Yellow 1 Kit SA2022 

DAB Kit (Rat IgG) Yellow 1 Kit SA2023 

DAB Kit (Mouse IgG) Blue 1 Kit SA2024 

DAB Kit (Mouse IgG) Blue 1 Kit SA2025 

 
Protein Detection (Chromogenic BCIP/NBT Kit) 

 
Product Size Cat. No. 

BCIP/NBT Kit 1 Kit AR1023 

 

Antibody Protein Target Index 

 
AAMP ACHE ADRA2A ALDH1A1 ANXA2 APOE ATP2A2 

ABCA1 ACO2 ADRB2 ALDH1A2 ANXA3 APP ATP2A3 

ABCA3 ACTA1 ADRBK2 ALDH2 ANXA4 APPL1 ATP5H 

ABCA4 ACTA2 AEBP2 ALDH3A1 ANXA5 AQP1 ATP5J 

ABCB1 ACTB AFG3L2 ALDH3A2 ANXA6 AQP10 ATP7B 

ABCB10 ACTG1 AFP ALK ANXA7 AQP2 ATXN1 

ABCB11 ACTN2 AGER ALOX12 ANXA8 AQP3 ATXN2 

ABCB4 ACTN4 AGFG1 ALOX15 AP2A1 AQP4 ATXN3 

ABCB6 ACVR2B AGO2 ALOX5 APAF1 AQP5 AURKA 

ABCC1 ADA AGO4 ALPL APBB1 AQP6 AURKB 

ABCC4 ADAM10 AGTR1 AMACR APBB1IP AQP7 AVPR1A 

ABCD3 ADAM17 AGTR2 AMD1 APCS AQP8 B3GNT8 

ABCG1 ADAM19 AHR AMHR2 APEX1 AQP9 BAG1 

ABCG2 ADAM2 AHSG AMY1A APEX2 AR BAG2 

ABCG4 ADAMTS1 AIFM1 ANGPT1 APH1A ARC BAG3 

ABCG5 ADAMTS2 AIM2 ANGPT2 API5 ARF6 BAG5 

ABI1 ADAMTS4 AIMP2 ANGPTL1 APLN ATG14 BAK1 

ABI2 ADAMTS5 AIP ANGPTL3 APLP1 ATG5 BAP1 

ABL1 ADAR AIRE ANGPTL4 APLP2 ATG7 BAX 

ABL2 ADIPOQ AKT1 ANO1 APOA1 ATM BBC3 

ABR ADIPOR1 AKT2 ANXA1 APOBEC3G ATP1A1 BCAR3 

ACE ADRA1A AKT3 ANXA10 APOD ATP2A1 BCAT1 
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Antibody Protein Target Index (Continued) 

 
BIK CASP6 CD244 CDK7 CREB3L1 CXCR3 DLL1 

BIN1 CASP7 CD27 CDK9 CRK CXCR4 DLL3 

BIRC3 CASP8 CD274 CDKN1B CRKL CXCR5 DMD 

BIRC5 CASP9 CD33 CDKN1C CRP CXCR6 DMRT1 

BIRC7 CASR CD34 CDKN2A CRTC1 CYBB DNAJA1 

BMI1 CAT CD36 CDKN2D CRTC2 CYCS DNAJB1 

BMP2 CAV1 CD3E CEACAM1 CRY1 CYGB DNTT 

BMP4 CAV2 CD40 CEACAM5 CRY2 CYLD DPP4 

BMP5 CBL CD40LG CEBPA CRYAA CYP11A1 DPYD 

BMP6 CBS CD44 CEBPB CSF1R CYP11B1 DRD1 

BMPR1B CCL1 CD46 CENPA CSF2 CYP19A1 DRD2 

BNIP3 CCL11 CD47 CETP CSF3 CYP1A1 DRD3 

BOC CCL13 CD55 CFB CSF3R CYP1A2 DRD5 

BRAF CCL17 CD58 CFD CSK CYP1B1 DSG2 

BRCA1 CCL18 CD63 CFI CSNK1A1 CYP24A1 DSG3 

BSG CCL2 CD68 CFL1 CST3 CYP27B1 DUSP3 

BTK CCL26 CD79A CFL2 CSTA CYP2D6 DUT 

BUB1 CCL3 CD79B CFTR CSTB CYP2E1 E2F1 

BUB3 CCL4 CD80 CHEK1 CTBP1 CYP2U1 E2F2 

C1QBP CCL5 CD82 CHEK2 CTBP2 CYP7A1 E2F3 

C5 CCL7 CD86 CHGA CTBP2  CYR61 E2F4 

CA1 CCNA1 CD8A CHRM1 CTCF DAPK2 E2F6 

CA2 CCNA2 CD9 CHRM2 CTGF DAXX EBAG9 

CA3 CCNB CDC20 CHRNA1 CTH DCC ECI1 

CACNA1A CCND1 CDC25A CHUK CTNNA1 DCN EDA 

CACNA1C CCND2 CDC25B CIB1 CTNNB1 DDAH1 EDNRB 

CACNA1D CCND3 CDC25C CIITA CTSB DDAH2 EED 

CACNA1F CCNT1 CDC34 CISH CTSD DDB1 EGF 

CACYBP CCR1 CDC37 CLDN2 CTSG DDB2 EGFR 

CADM1 CCR10 CDC42 CLDN5 CTSK DDR1 EGR1 

CALB1 CCR3 CDC5L CLDN6 CTSL1 DDR2 EGR2 

CALB2 CCR4 CDC6 CLOCK CUEDC2 DDT EIF2AK1 

CALD1 CCR5 CDC73 CLU Cul1 DDX4 EIF2AK2 

CALM1 CCR6 CDCP1 CMA1 CUL2 DDX5 EIF2AK3 

CALM2 CCR9 CDH1 CNN1 CUL3 DDX6 EIF2AK4 

CALM3 CCT2 CDH1 CNN2 CUL4B DEFB1 EIF2S1 

CAMKK1 CCT3 CDH2 CNTF CX3CL1 DES EIF2S2 

CAMKK2 CCT4 CDH3 COL1A1 CXADR DGAT1 EIF3B 

CAP1 CCT5 CDH17 COL2A1 CXCL1 DHFR EIF4A2 

CAPN1 CCT8 CDH2 COL3A1 CXCL10 DIABLO EIF6 

CARM1 CD14 CDH3 COL4A1 CXCL13 DICER1 ELAVL4 

CASP1 CD163 CDH5 COL4A2 CXCL16 DISC1 EMCN 

CASP10 CD19 CDK1 COMT CXCL2 DKK1 EME1 

CASP12 CD1A CDK2 COPS5 CXCL3 DKK2 ENG 

CASP14 CD1D CDK4 CP CXCL5 DKK3 ENO2 

CASP2 CD2 CDK5 CPB2 CXCL9 DLD EP300 

CASP3 CD2  CDK5R1 CPT1B CXCR1 DLG1 EPAS1 

CASP4 CD22 CDK6 CREB1 CXCR2 DLG4 EPB41L1 
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 Antibody Protein Target Index (Continued) 

 
EPHA1 FGF4 GAP43 GRK5 HOXA11 IDH1 IRAK1 

EPHA2 FGF7 GAPDH GRK6 HOXA3 IDH2 IRAK2 

EPHA5 FGF8 GATA2 GSN HOXA4 IDO1 IRAK3 

EPHB1 FGF9 GATA3 GSTA1 HOXA6 IDO2 IRAK4 

EPHB3 FGFR1 GATA5 GSTA2 HOXA9 IDS IRF1 

EPO FGFR2 GBP1 GSTA3 HP IFITM1 IRF2 

EPOR FGFR3 GCLC GSTA4 HPN IFNG IRF3 

ERBB3 FGFR4 GDNF GSTA5 HPSE IGF1 IRF4 

ERBB4 FHIT GFAP GSTP1 HRAS IGF1R IRF5 

EREG FIGF GFRA1 GSTT1 HRG IGF2R IRF8 

ERV3-1 FLG GGA1 GUSB HRH3 IGFBP1 IRS1 

ERVW-1 FLI1 GGA2 GZMA HSD11B1 IGFBP2 IRS2 

ESR1 FLOT1 GGA3 GZMB HSD11B2 IGFBP3 ISG15 

ESR2 FLOT2 GH1 HAVCR1 HSD17B1 IGFBP5 ITCH 

ETV4 FLT1 GHR HCN1 HSD17B10 IGFBP6 ITGA1 

EWSR1 FLT3LG GIP HCRTR1 HSD17B2 IHH ITGA2B 

F2 FMO1 GJA1 HDAC1 HSD17B4 IKBKB ITGA3 

F2R FMO2 GJA3 HDAC11 HSD17B6 IKBKG ITGA4 

F2RL1 FMO3 GJA4 HDAC2 HSF1 IKZF1 ITGA5 

F3 FMO4 GJA5 HDAC3 HSF2 IL10 ITGA6 

F7 FMO5 GJB1 HDAC5 HSF4 IL12B ITGA7 

F8 FMR1 GJB2 HDAC6 HSP90AA1 IL13 ITGAE 

FABP1 FN1 GJC1 HDAC7 HSP90AB1 IL15 ITGAL 

FABP2 FOS GJC2 HDAC8 HSP90B1 IL16 ITGAM 

FABP3 FOSB GLI1 HDC HSPA1A IL17A ITGAV 

FABP4 FOSL2 GLI2 HES1 HSPA1B IL18 ITGB1 

FABP5 FOXA3 GLI3 HEXA HSPA2 IL1A ITGB2 

FABP6 FOXM1 GLRX2 HEXB HSPA5 IL1B ITGB3 

FADD FOXO1 GNAQ HGF HSPA8 IL2 ITGB4 

FAF1 FOXO3 GNB2L1 HHEX HSPA9 IL23A ITLN1 

FAP FOXP1 GORAB HIF1A HSPB1 IL2RA ITPR1 

FAS FOXP3 GPER1 HIF3A HSPB2 IL2RB ITPR3 

FASLG FRZB GPX1 HINT1 HSPBAP1 IL2RG IVL 

FASN FSCN1 GPX2 HKDC1 HSPD1 IL3 JAG2 

FBLN2 FSHB GPX4 HLA-A HSPE1 IL3RA JAK1 

FBXL4 FSTL3 GRB10 HLA-C HSPG2 IL4 JAK2 

FCAR FURIN GRB2 HLA-DMB HSPH1 IL4R JUNB 

FCER2 FUT1 GRB7 HMGB2 HTR1A IL5RA JUP 

FCGRT FXYD1 GREM1 HMGB3 HTR2A IL6 KAT2A 

FER FXYD5 GRIA1 HMGB4 HTR2B IL7 KCNA1 

FES FYN GRIA2 HMMR HTR3A IL7R KCNA2 

FGF1 FZD1 GRIA3 HMOX1 HTT IL8 KCNA3 

FGF10 G6PD GRIA4 HMOX2 HYAL1 ILK KCNA4 

FGF19 GABRA1 GRIK1 HNF1A HYAL2 INA KCNA4  

FGF2 GABRB3 GRIN1 HNF1B HYAL3 ING1 KCNA5 

FGF21 GAD1 GRIN2A HNF4A IBSP INPPL1 KCNA6 

FGF22 GAD2 GRIN2B HOXA1 ICA1 INSL3 KCNB1 

FGF23 GADD45A GRIN2C HOXA10 ICAM1 INSR KCNC1 
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Antibody Protein Target Index (Continued) 

 
KCND1 LAMC3 MAP2 MFGE8 MYH2 NPM1 PAK3 

KCND2 LAMP1 MAP2K1 MFN1 MYH11 NPM2 PAK6 

KCND3 LASP1 MAP2K2 MFN2 MYH7 NPPA PAK7 

KCNH2 LAT MAP2K3 MGA NAE1 NPY PAPPA 

KCNIP2 LAT2 MAP2K4 MGMT NAMPT NQO1 PARK2 

KCNIP3 LCAT MAP2K6 MGP NBN NR1H3 PARK7 

KCNMA1 LCK MAP2K7 MGST1 NCAM1 NR2F2 PARP1 

KCNN4 LCN1 MAP3K1 MICA NCOA1 NR3C1 PARVA 

KCNQ2 LCN2 MAP3K2 MICB NCOA3 NR3C2 PAX2 

KCNQ5 LEP MAP3K3 MIF NCSTN NR4A1 PAX6 

KDR LEPR MAP3K7 MIP NDRG1 NR4A2 PBK 

KEAP1 LGALS1 MAP3K8 MKI67 NDRG2 NR5A2 PCNA 

KERA LGALS3 MAPK1 MLH1 NDUFA1 NRF1 PCSK1 

KIAA1524 LGALS4 MAPK3 MME NEB NRG1 PCSK2 

KIF2C LGALS8 MAPK13 MMP1 NEDD9 NRG2 PCSK4 

KIF3A LGALS9 MAPK3 MMP10 NEFH NRIP1 PCSK6 

KIN LHCGR MAPK6 MMP12 NEFL NRP1 PCSK9 

KIT LIF MAPK8 MMP14 NES NRP2 PDCD1 

KITLG LIFR MAPK9 MMP16 NFATC1 NTF3 PDCD1LG2 

KLF2 LIMK1 MAPT MMP2 NFATC2 NTN1 PDCD4 

KLF3 LIMK2 MATN2 MMP24 NFE2L2 NTRK1 PDCD6IP 

KLF4 LMNA MATN3 MMP3 NFKB1 NTRK2 PDGFB 

KLF5 LMNB1 MAX MMP7 NFKB2 NTRK3 PDGFRA 

KLF6 LMNB2 MB MMP8 NFKBIA NUCB2 PDIA3 

KLF8 LOX MBD1 MMP9 NFKBIB NUMB PDK1 

KLK1 LOXL1 MBD2 MNAT1 NGF NUP98 PDK2 

KLK10 LOXL2 MBD4 MPG NGFR OCLN PDK4 

KLK11 LPL MBP MPO NKX2-5 OGT PDPK1 

KLK2 LPP MCAM MRGPRX1 NLRC4 OLIG1 PDPN 

KLK3 LPXN MCC MS4A1 NLRP3 OLR1 PEBP1 

KLK4 LRP1 MCL1 MSH2 Nlrp4g OMG PECAM1 

KLK5 LRP5 MCM2 MSH3 NME1 ONECUT1 PER1 

KLK6 LRRK2 MCM3 MSLN NME2 OPA1 PER2 

KLK8 LTA MCM4 MTA1 NMI OPCML PF4 

KLK9 LTBR MCM5 MT-CO1 NOD1 OPTN PFN1 

KNG1 LTK MCM6 MTDH NOL3 ORAI1 PFN2 

KRT1 LUM MCM7 MUC1 NONO ORM1 PGF 

KRT18 Ly6al MCM8 MUC3A NOS1 OSBP PGK1 

KRT19 LYZ MDK MUC3B NOS2 OSM PGR 

KRT7 MAD1L1 MDM2 MUC4 NOS3 OTOF PGRMC1 

KRT8 MAD2L1 MDM4 MUC5AC NOTCH1 OTX2 PHB 

LALBA MADCAM1 MEF2A Mucin 1 NOTCH4 P2RX2 PHB2 

LAMA1 MAFA MEF2C MYB NOX1 P2RX4 PI3 

LAMA2 MAG MEFV MYBL2 NOX4 P2RX5 PIAS1 

LAMB1 MALT1 MEIS1 MYC NOX5 P2RX6 PIAS4 

LAMB2 MAOA MEN1 MYCN NOXA1 P2RX7 PIGR 

LAMC1 MAOB MERTK MYD88 NPHS1 PADI4 PIK3CA 

LAMC2 MAP1A MET MYH1 NPHS2 PAK1 PIK3R1 
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 Antibody Protein Target Index (Continued) 

 
PIK3R2 PRDX3 RAB13 RUNX1 SHC1 SMAD3 SSR3 

PIM1 PRDX4 RAB14 RUNX2 SHH SMAD4 SST 

PIN1 PRDX5 RAB18 RUNX3 SIDT1 SMAD5 SSTR1 

PINX1 PRDX6 RAB2A S100A11 SIRT1 SMAD6 SSTR2 

PKD1 PRF1 RAB3A S100A6 SIRT2 SMAD7 ST13 

PKLR PRKAB1 RAB3C S100A8 SIRT3 SMARCB1 ST5 

PKM PRKAB2 RAB5A S100A9 SIRT6 SMC3 STAT1 

PKP2 PRKCA RAB7A S100B SIRT7 SMN1/2 STAT2 

PLA2G4A PRKCB RAB8A SCARB1 SIX1 SMURF1 STAT3 

PLAT PRKCD RAB9A SCG3 SKAP1 SMURF2 STAT4 

PLAUR PRKCE RAC1 SCLY SKP2 SMYD3 STAT5A 

PLCB1 PRKCG RAD51 SCN1A SLC10A1 SNAI1 STAT5B 

PLD1 PRKCH RAD51C SCN1B SLC12A1 SNAI2 STAT6 

PLEC PRKCI RAG2 SCN5A SLC12A2 SNAI3 STAU1 

PLG PRKDC RALA SDC1 SLC12A3 SNAP23 STC1 

PLIN3 PRL RALB SDC2 SLC12A6 SNAP25 STC2 

PLK1 PRLR RAP1A SDC3 SLC15A2 SNRPN STIM1 

PLK2 PRNP RASA1 SDC4 SLC16A1 SOCS1 STIP1 

PLN PROC RBBP4 SDHA SLC16A3 SOCS2 STK11 

PLTP PROCR RBL1 SDHB SLC16A4 SOCS3 STMN1 

PMVK PROK1 RBL2 SDHC SLC19A1 SOCS4 STRA8 

PNPLA6 PROM1 RBP2 SECTM1 SLC1A1 SOD1 STRAP 

POLB Protein SSX2 RBP4 SELE SLC1A2 SOD2 STX1A 

POLH PROX1 RBX1 SELENBP1 SLC1A3 SOD3 STXBP1 

PON1 PSCA REL SELL SLC1A4 SOX1 STXBP2 

PON2 PSEN2 RELA SELP SLC1A6 SOX2 SULT2A1 

POR PTCH1 RELB SEMA3A SLC22A1 SOX4 SULT2B1 

POSTN PTCH2 RETN SERPINA1 SLC22A2 SOX5 SUMO1 

POT1 PTEN RFC1 SERPINA3 SLC22A5 SOX7 SYCP3 

POU2AF1 PTGER1 RGS14 SERPINA4 SLC22A6 SP1 SYNPO 

POU2F1 PTGER2 Rgs3 SERPINA6 SLC22A7 SP100 SYP 

PPARA PTGS1 RGS9 SERPINB2 SLC2A1 SP2 TAB1 

PPARG PTGS2 RIPK1 SERPINB5 SLC2A12 SP3 TAB2 

PPBP PTH1R RIPK2 SERPINC1 SLC2A2 SP4 TACR1 

PPIA PTK2 RIPK3 SERPINH1 SLC2A4 SP5 TAP1 

PPIB PTN RNASE1 SERPINI1 SLC2A5 SPARC TAP2 

PPID PTOV1 RNF2 SF1 SLC2A8 SPARCL1 TAZ 

PPIG PTP4A2 RNH1 SFN SLC2A9 SPHK1 TBC1D4 

PPP1R12A PTPN11 ROCK2 SFRP2 SLC30A4 SPN TBK1 

PPP1R15B PTPN2 ROR1 SFRP4 SLC4A1 SPP1 TBP 

PPP1R1B PTPN22 RPA1 SFTPA1 SLC5A1 SPTA1 TBX21 

PPP2CA PTPRC RPS6KA1 SFTPA1/2 SLC6A1 SPTB TCF7L1 

PPP3CA PTPRF RPS6KA5 SFTPC SLC6A4 SPTLC1 TCP1 

PPP3R1 PTTG1 RRM2 SFTPD SLC7A1 SQSTM1 TEC 

PPT1 PXN RRM2B SGCA SLC9A1 SRC TEK 

PRC1 PYY RTN1 SGK1 SLC9A2 SRI TERT 

PRDX1 RAB10 RTN3 SHANK3 SMAD1 SRSF1 TF 

PRDX2 RAB11A RTN4 SHBG SMAD2 SRSF3 TFAM 
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 Antibody Protein Target Index (Continued) 

 
TFAP2A TLN1 TNFSF11 TRAF5 TRPV6 VCP XAF1 

TFF1 TLN2 TNFSF13 TRAF6 TSC1 VDAC1 XBP1 

TFPI TLR1 TNFSF13B TRAM1 TSC2 VDR XCL1 

TFPI2 TLR10 TNN TRAM2 TSG101 VEGFA XIAP 

TFR2 TLR2 TNNC1 TRAP1 TSHR VGF XPO1 

TFRC TLR3 TNNT1 TREM1 TTR VIL1 XRCC1 

TGFA TLR5 TNNT2 TREX1 TXNRD2 VIM XRCC3 

TGFBR1 TLR7 TNNT3 TRIB2 UBA1 VIPR1 XRCC4 

TGFBR2 TLR8 TNR TRIM28 UBA3 VRK1 XRCC5 

TGM1 TMEM173 TNXB TRIM33 UBB VTN XRCC6 

TGM2 TNC TOLLIP TRIO UBD VWF YAP1 

TH TNF TOP2A TRPC3 UBE2I WAS YBX1 

THBS1 TNFAIP1 TP53 TRPC4 UBE2Q2 WDR1 YES1 

THBS2 TNFAIP8L3 TP53BP1 TRPC5 UCHL1 WDR83 YIPF3 

THY1 TNFRSF10A TP63 TRPC6 UCP1 WFDC2 YY1 

TIA1 TNFRSF10B TP73 TRPC7 UHRF1 WISP1 ZAP70 

TICAM1 TNFRSF11A TPH1 TRPM2 UHRF2 WNK1 ZBTB16 

TIMP1 TNFRSF11B TPH2 TRPM4 ULK3 WNT1 ZBTB7A 

TIMP2 TNFRSF13C TPM1 TRPM5 UNC5C WNT2 ZEB1 

TIMP3 TNFRSF1A TPP1 TRPM8 UPF1 WNT2B ZEB2 

TIMP4 TNFRSF1B TPSAB1 TRPV1 UPF3B WNT3 ZP1 

TJP1 TNFRSF25 TRAF1 TRPV2 VAMP7 WNT3A ZP2 

TJP2 TNFRSF4 TRAF2 TRPV3 VCAM1 WNT4 ZWINT 

TJP3 TNFRSF8 TRAF3 TRPV4 VCAN WNT5A  
TK1 TNFSF10 TRAF4 TRPV5 VCL WNT7A  
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