Analysis and detection of proteins by electrophoresis and western blotting

Electrophoresis is a separation technique based on the movement of charged molecules in an electric field. The rate of migration of a charged molecule in an electric field (electrophoretic mobility) depends on: 

· The net charge, where negatively charged molecules (anions) migrate towards the anode (+) and highly charged molecules move faster towards the electrode of opposite charge than those with lesser charge. 

· The size, where smaller molecules migrate faster than large molecules. 

· The shape, where the migration will be different for example for globular Vs fibrous proteins. 

· The strength of the applied electric field, where mobility will increase with increasing voltage, but there are practical limitations to using high voltages especially due to heating effects.

In fact, the heat generated during electrophoresis is proportional to the square of the applied current and to the electrical resistance of the medium; even when a porous supporting medium is used. Heat production will lead to zone broadening by increasing the rate of diffusion of sample components and buffer ions. In addition, heat denaturation of protein samples may occur, resulting in loss of biological activity. Another problem is that heat will reduce buffer viscosity, leading to a decrease in resistance. If the electrophoresis is run at constant voltage, Ohm’s law dictates that as resistance (R) falls, the current (I) will increase (V = IR, where V is the voltage), leading to further heat production. This can be avoided by using a power pack that provides constant power. Attempting to minimize heat production using very low current is not practical, since it leads to long separation times and therefore to increased diffusion.

We will focus on polyacrylamide gel electrophoresis (PAGE) as an illustrating example for the analysis and detection of proteins. The gel is formed by polymerizing acrylamide monomer into long chains and crosslinking these chains using N,N’-methylene bisacrylamide (abbreviated as bis). The polymerization is usually initiated by free radicals produced by ammonium persulphate in the presence of N, N, N, N’ –tetramethylethylenediamine (TEMED). The effective range of separation of polyacrylamide gel is determined by the pore size that is a function of absolute concentrations of acrylamide and bis that were used to cast the gel, e.g., 5-20% T (where T is the total concentration of monomer).

General strategy for protein separation by PAGE:

Rod or slab gels: Flat slab gels are formed between glass plates, using spacers 0.75-1.5 mm thick. It is suitable for most separations using several samples. In addition, slab gels are easier to read by densitometry and to photograph. Rod gels are made in narrow bore tubes and are useful in preliminary separations, for determining a suitable pH and gel concentration. In addition, a rod may be used for one dimension and a slab for the second in 2-dimensional electrophoresis. 

Denaturing or native conditions: The most widely used PAGE for protein separation uses an ioninc detergent, usually sodium dodecyl sulphate (SDS) which dissociate proteins into their individual polypeptide subunits and gives a uniform net charge along each denatured polypeptide. The resultant polypeptides bind SDS in a constant weight ratio (SDS:protein 1.4 g per 1.0 g). The intrinsic net charge of each polypeptide is swamped by the negative charge imposed by SDS, and there is a uniform negative charge per unit length of polypeptide. Since polypeptides have now identical charge densities, they will migrate strictly according to molecular size during SDS-PAGE. On the other hand, if it is necessary to preserve the native protein conformation and biological activity, non-denaturing PAGE is used with no SDS being added.

Continuous or discontinuous buffer systems: A continuous system is where the same buffer ions and pH are present in the sample, gel, and buffer reservoirs. The samples are loaded directly on a gel (the separating or resolving gel) that has pores small enough to allow molecular sieving. In contrast, discontinuous systems have the buffer in the reservoirs of different pH and ionic strength from the buffer used to prepare either the lower (resolving) or the upper (stacking) gels. The sample is loaded onto a large-pore stacking gel that is previously polymerized on top of a small-pore resolving gel. Discontinuous systems have the advantage over continuous systems in that relatively large volumes of dilute sample can be used and good resolution is still obtained. This is because the individual proteins in the sample concentrate into very narrow zones during their migration through the large-pore gel and stack up according to their charge densities, prior to separation in the small-pore resolving gel. 

According to the standard protocol of Laemmli, the buffer for the sample and stacking gel is Tris-Cl (pH 6.8), the buffer in the upper and lower chambers is Tris-glycine (pH 8.3), and the buffer of the resolving gel is Tris-Cl (pH 8.8). During migration in the stacking gel, there is establishment of moving boundary with the Cl ions at the leading edge, the glycine molecules making the trailing edge and in between there will be an area of steeper voltage gradient that leads to stacking of proteins at the surface of the resolving gel. At the resolving gel, high pH (8.8) favors glycine ionization with subsequent migration of glycine ions through the stacked polypeptides to travel behind Cl ions in the resolving gel, i.e., no moving boundary and the SDS- protein complexes move through resolving gel in a zone of uniform voltage and pH where it will be separated according to their molecular sizes.

Gel concentration: The gel concentration will be chosen based on the molecular sizes of proteins to be separated. It is possible to try a series of rod gels for the determination of the appropriate gel concentration to be used. Alternatively, a gradient gel can be used, in which the percentage T increases, and hence the pore size decreases, in the direction of protein migration. A useful gradient for a preliminary experiment would be 5-20% T. Gradient gel allows nice separation with perfect sharp protein bands.

Detection of proteins by staining of the electrophoresed polyacrylamide gel:

The most widely used stain for protein separations is coomassie blue R-250 (where R = reddish hue), the detection limit is 0.2 ug and staining is quantitative up to 20 μg. It is normal for background staining of the gel to occur and the removal of background color (destaining) can be achieved by diffusion into isopropanol/acetic/water solution.

Silver staining may be used for higher sensitivity of detection (ng quantities) or for a high resolution technique, e.g., 2-dimentional electrophoresis. Most proteins stain brown or black. Some proteins lacking amino acids with reducing groups, e.g., lacking cysteine residues, may stain negatively, i.e., the bands are more transparent than the background staining of the gel.  Although silver staining is more sensitive than coomassie blue, it is more laborious and expensive. In addition, silver staining requires high purity water and can be non-specific, since polysaccharides may stain on the same gel as proteins.

Drying of the stained gel and interpretation of the results:

The molecular mass of a given polypeptide can be determined by comparing its mobility to polypeptides of known molecular masses (molecular weight standards) run under the same conditions, but in a separate lane. If the gels need to be retained, they can be dried using gel dryer. Photographing, quantification of a specific protein band can be achieved by densitometry and integrating the areas under the peaks. Several gel documentation systems are commercially available that can be useful for analysis of results from the gel or membranes.

Western blotting (Immunoblotting):

Immunoblotting is a sensitive and relatively rapid technique for the detection and characterization of proteins by exploiting the specificity inherent in the antigen/antibody reaction. Blotting is the transfer of separated proteins from the gel matrix into a membrane, e.g., nitrocellulose membrane, using electro- or vacuum-based transfer techniques. The immobilization of proteins directly on the membrane (without prior electrophoretic separation) is called dot or slot blot. The dot/slot blotting technique is usually performed for screening purposes and for the optimization of immunoblotting conditions. 

The main steps of blotting technique in a chronological order will be as follows:

· Blocking

· Probing with the specific antibody(ies)

· Wash

· Detection 

The immobilized proteins on the surface of the membrane can be detected using a specific, labeled antibody. Labeling of the antibody can be performed using a radioactive or non-radioactive method. The blotting membrane can be detected by a labeled primary antibody or by the incubation of the blot first with a primary antibody followed by the addition of a labeled secondary antibody that has species specificity for the primary one. For example, probing of the membrane using rabbit primary antibody and anti-rabbit labeled secondary antibody. 

 Several measures should be followed to decrease the nonspecific reactions to a minimum, i.e., increasing the signal to noise ratio. 

· Before probing of the membrane with the antibody, a blocking step must be done by the incubation of the membrane with solution containing bovine serum albumin (BSA), fat-free milk or casein for a sufficient time with shaking. The time is varied according to experimental protocol and according to the incubation temperature.

· A wash step must be included to get rid of the excess reagents. The wash step is usually 3 cycles, each cycle involves incubation of the membrane, with rocking, with the wash buffer for adequate time and then pouring off the buffer and adding a fresh wash buffer to start the new cycle.

· Optimization of the blocking reagent and wash buffer (composition and incubation time and temperature). In addition, the use of appropriate concentration of the primary or secondary antibodies for the adequate time is essential for obtaining successful results.

Detection and interpretation of immunoblotting results:

A prestained molecular weight standard is commonly included in a separate lane during electrophoresis to allow the identification of the molecular weight of the target protein. The adjustment of loading of different wells/lanes on the gel/membrane can be achieved by probing part of the membrane with an antibody for a protein product of a housekeeping gene, e.g., actin. Similar to the analysis of electrophoresis results on a gel, the data on the membrane can be quantitatively analyzed using gel documentation system. 

Stripping and re-probing of the immunoblots: 

Stripping of the immunoblot allows the re-detection of the membrane by the same (but different conditions) or different antibody after the removal of both primary and secondary antibodies while preserving the originally immobilized proteins on the blotting membrane. After stripping and before re-probing of the membrane, it should be detected to confirm the removal of the antibodies. The appropriate blocking reagent should be used to start the re-probing process.  
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