Note that we have everything pre-mixed in the basement except for 1% bromophenol blue and 2x sample buffer. I believe those both need to be made fresh each time. The 4x resolving and stacking buffers, the 10% glycerol, the APS (needs to be replaced every month), and the acrylamide/bis solution are all in the 4C fridge, while the stain, destain, 10% SDS, and 10x running buffer are on the shelf above Tejas's bench. B-mercaptoethanol (aka 2-mercaptoethanol) is in the fume hood, and all other chemicals are on the chemical shelf. 
Stacking gel buffer (4X)

Dissolve 60.5 g of Tris base in 850 mL of H2O. Adjust the pH to 6.8 with 6 M HCl. Readjust the pH to 6.8 at room temperature. Add H2O to 1000 mL. Store the buffer at 4°C.

Resolving gel buffer (4X)

Dissolve 181.5 g of Tris base in 850 mL of H2O and adjust pH to 8.8 with 6 M HCl. Cool the solution to room temperature and readjust pH to 8.8. Add H2O to 1000 mL and store at 4°C. The final solution is 1.5 M Tris-Cl at pH 8.8.
10X Running buffer

Dissolve 30.0 g of Tris base, 144.0 g of glycine, and 10.0 g of SDS in 1000 ml of H2O. The pH of the buffer should be 8.3 and no pH adjustment is required. Store the running buffer at room temperature and dilute to 1X before use.

Ammonium persulfate

To prepare a 10% (w/v) solution: Dissolve 1 g ammonium persulfate in 10 mL of H2O and store at 4°C. Ammonium persulfate decays slowly in solution, so replace the stock solution every 2-3 wk. Ammonium persulfate is used as a catalyst for the copolymerization of acrylamide and bisacrylamide gels. The polymerization reaction is driven by free radicals generated by an oxido-reduction reaction in which a diamine (e.g., TEMED) is used as the adjunct catalyst.

Coomassie Brilliant Blue staining solution

Dissolve 1 g of Coomassie Brilliant Blue (Bio-Rad) in 1 liter of the following solution:

Methanol (50% [v/v])

Glacial acetic acid (10% [v/v])

H2O (40%)

Stir the solution for 3-4 hours and then filter through Whatman filter paper. Store at room temperature.

Coomassie destaining solution

Acetic acid, glacial (7% [v/v])

H2O (81% [v/v])

Methanol (12% [v/v])

1% Bromophenol Blue

Dissolve 10mg of Bromophenol Blue in 1mL H2O

Glycerol

To prepare a 10% (v/v) solution: Dilute 1 volume of molecular-biology-grade glycerol in 9 volumes of sterile pure H2O. Sterilize the solution by passing it through a pre-rinsed 0.22-μm filter. Store in 200-mL aliquots at 4°C.
2X SDS-PAGE sample buffer

 

4X stacking gel buffer

glycerol

10% SDS

2-mercaptoethanol

1.0% bromophenol blue 
Mix 2.0 ml of 4X stacking gel buffer, 1.6 ml of glycerol, 3.2 ml of 10% SDS, 0.8 ml of 2-mercaptoethanol , 0.4 ml of 1.0% bromophenol blue

RESOLVING GEL:

	

	
	
	Volume (ml) of Components Required to Cast Gels of Indicated Volumes and Concentrations

	Components
	Gel Volume =>
	5 ml
	10 ml
	15 ml
	20 ml
	25 ml
	30 ml
	40 ml
	50 ml

	6% gel

	H2O
	2.6
	5.3
	7.9
	10.6
	13.2
	15.9
	21.2
	26.5

	30% acrylamide mix
	1.0
	2.0
	3.0
	4.0
	5.0
	6.0
	8.0
	10.0

	Tris-Cl (1.5 M, pH 8.8)
	1.3
	2.5
	3.8
	5.0
	6.3
	7.5
	10.0
	12.5

	SDS (10%)
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	10% ammonium persulfate
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	TEMED
	0.004
	0.008
	0.012
	0.016
	0.02
	0.024
	0.032
	0.04

	8% gel

	H2O
	2.3
	4.6
	6.9
	9.3
	11.5
	13.9
	18.5
	23.2

	30% acrylamide mix
	1.3
	2.7
	4.0
	5.3
	6.7
	8.0
	10.7
	13.3

	Tris-Cl (1.5 M, pH 8.8)
	1.3
	2.5
	3.8
	5.0
	6.3
	7.5
	10.0
	12.5

	SDS (10%)
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	10% ammonium persulfate
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	TEMED
	0.003
	0.006
	0.009
	0.012
	0.015
	0.018
	0.024
	0.03

	10% gel

	H2O
	1.9
	4.0
	5.9
	7.9
	9.9
	11.9
	15.9
	19.8

	30% acrylamide mix
	1.7
	3.3
	5.0
	6.7
	8.3
	10.0
	13.3
	16.7

	Tris-Cl (1.5 M, pH 8.8)
	1.3
	2.5
	3.8
	5.0
	6.3
	7.5
	10.0
	12.5

	SDS (10%)
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	10% ammonium persulfate
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	TEMED
	0.002
	0.004
	0.006
	0.008
	0.01
	0.012
	0.016
	0.02

	12% gel

	H2O
	1.6
	3.3
	4.9
	6.6
	8.2
	9.9
	13.2
	16.5

	30% acrylamide mix
	2.0
	4.0
	6.0
	8.0
	10.0
	12.0
	16.0
	20.0

	Tris-Cl (1.5 M, pH 8.8)
	1.3
	2.5
	3.8
	5.0
	6.3
	7.5
	10.0
	12.5

	SDS (10%)
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	10% ammonium persulfate
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	TEMED
	0.002
	0.004
	0.006
	0.008
	0.01
	0.012
	0.016
	0.02

	15% gel

	H2O
	1.1
	2.3
	3.4
	4.6
	5.7
	6.9
	9.2
	11.5

	30% acrylamide mix
	2.5
	5.0
	7.5
	10.0
	12.5
	15.0
	20.0
	25.0

	Tris-Cl (1.5 M, pH 8.8)
	1.3
	2.5
	3.8
	5.0
	6.3
	7.5
	10.0
	12.5

	SDS (10%)
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	10% ammonium persulfate
	0.05
	0.1
	0.15
	0.2
	0.25
	0.3
	0.4
	0.5

	TEMED
	0.002
	0.004
	0.006
	0.008
	0.01
	0.012
	0.016
	0.02


Modified from Harlow and Lane (1988).

STACKING GEL:

	Volume (ml) of Components Required to Cast Gels of Indicated Volumes

	Components
	Gel Volume⇒
	1 ml
	2 ml
	3 ml
	4 ml
	5 ml
	6 ml
	8 ml
	10 ml

	H2O
	0.68
	1.4
	2.1
	2.7
	3.4
	4.1
	5.5
	6.8

	30% acrylamide mix
	0.17
	0.33
	0.5
	0.67
	0.83
	1.0
	1.3
	1.7

	Tris-Cl (1.0 M, pH 6.8)
	0.13
	0.25
	0.38
	0.5
	0.63
	0.75
	1.0
	1.25

	SDS (10%)
	0.01
	0.02
	0.03
	0.04
	0.05
	0.06
	0.08
	0.1

	ammonium persulfate (10%)
	0.01
	0.02
	0.03
	0.04
	0.05
	0.06
	0.08
	0.1

	TEMED
	0.001
	0.002
	0.003
	0.004
	0.005
	0.006
	0.008
	0.01


SDS-PAGE of Proteins

1. Richard J. Simpson
This protocol was adapted from “Concentrating Solutions of Protein,” in Appendix 5 ofPurifying Proteins for Proteomics (ed. Simpson). Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, USA, 2004.
INTRODUCTION

Initial heating of a protein sample at 95°C in the presence of excess SDS and a thiol reagent denatures the protein mixture and disrupts disulfide bonds. Under these conditions, all reduced polypeptides bind the same amount of SDS (1.4 g of SDS per gram of polypeptide) independent of amino acid composition and sequence. The resolving power of SDS-PAGE is greatly enhanced by the inclusion of a “stacking gel,” which uses the principles of isotachophoresis to concentrate samples into very small zones, but does not separate them. In the separating gel, the negatively charged SDS-protein complexes are separated solely on molecular-weight differences.

Equipment

Electrophoresis apparatus

Gel-loading pipette tips

Glass plates

Heat block or water bath preset to 95°C

PCC-54 detergent (Pierce) or equivalent

This detergent is a cleaning solution designed for washing glass plates.
Power supply

A power supply capable of providing ~200 V and 500 mA (either constant voltage or constant current) is sufficient for SDS-PAGE. Several power supplies are available commercially, for example, Bio-Rad Power Pac 3000 (3000 V and 400 mA).
METHOD

Pouring a Slab Gel
· 1. Clean the glass plates.

· i. Soak the glass plates in 2% PCC-54 cleaning solution for 3-24 hours.

· ii. Rinse the plates with tap water thoroughly and then once with distilled H2O.

· iii. Dry the glass plates with clean tissue paper, and then clean them with Kimwipes soaked in methanol. Dry the plates in the air.

· 2. Assemble the gel-casting unit.

· i. Form the gel sandwich by assembling the spacers and two glass plates in the clamps.

· ii. Align the bottom part of the spacers and two glass plates at the same level, and then tighten the clamp.

· iii. Place the gel sandwich onto the casting stand.

· iv. Insert the Teflon sample application comb, and mark the glass plate at a level ~1.0-1.5 cm below the bottom of the comb teeth.

· 3. Pour the resolving gel.

· i. Prepare the appropriate resolving gel mixture using the recipes in Table 1. Make sure that the solution is well mixed before adding the TEMED.

· ii. Use a 10-ml pipette to transfer the mixture to the glass-plate sandwich up to the marked level (marked in Step 2iv).

· iii. Carefully overlay the gel with an ~2-mm-deep layer of H2O or H2O-saturated n-butanol or isopropanol solution.

This prevents air from reaching the gel, which inhibits polymerization of the acrylamide, and ensures that the gel surface is flat.
· iv. After polymerization is complete (~30 min), pour off the overlaying H2O, and carefully remove any remaining liquid with filter paper without damaging the gel surface. If the gel is overlaid with n-butanol (or isopropanol), drain the overlay liquid, and then wash the gel surface with H2O.

Polymerization of the gel is evidenced by a clear refractive index change that can be seen between the gel and the overlay liquid.
· 4. Pour the stacking gel.

· i. Select an acrylamide concentration for the stacking gel, and make the appropriate mixture, using the recipes inTable 2. Make sure that the solution is well mixed.

· ii. Carefully overlay the resolving gel with the stacking gel solution until the height of the stacking gel is ~2.0-3.0 cm.

· iii. Insert the Teflon comb into this solution, leaving 1.0-1.5 cm between the top of the resolving gel and the bottom of the comb. Make sure that no air bubbles are trapped beneath the teeth of the comb.

Insert the comb into the stacking gel at an angle to reduce the chance of trapping air bubbles under the comb’s teeth. Trapped bubbles can be released by gently tapping on the glass plate near the trapped bubbles.
· iv. Allow the stacking gel mixture to polymerize for ~2 hours. Refractive index changes around the comb indicate that the gel has set. It is useful at this stage to mark the positions of the bottoms of the sample wells on the glass plates with a marker pen.

· 5. Carefully remove the sample comb from the stacking gel, and assemble the cassette in the electrophoresis apparatus according to the manufacturer’s instructions.

· 6. Fill the top reservoir with running buffer ensuring that the buffer fully fills the sample loading wells, and look for any leaks from the top tank. If there are no leaks, fill the bottom tank with running buffer, then tilt the apparatus to dispel any bubbles caught under the gel.

Alternatively, remove trapped air bubbles by squirting running buffer across the bottom edge of the gel through a long bent needle or hooked Pasteur pipette. The gel is now ready to receive protein samples.
Preparation of Samples
· Carry out either Step 7 or Step 8.

· 7. Prepare protein solutions:

· i. Mix the protein solution with 2X SDS-PAGE sample buffer in a 1:1 ratio. Although under ideal conditions the binding ratio for SDS and polypeptide is 1.4 g of SDS per gram of polypeptide, to ensure that enough SDS is present, the concentration of protein in the final solution should not be higher than 10 μg/μl.

To load the entire protein sample onto the gel, bear in mind that the sample volume (i.e., protein solution and sample buffer) should not exceed the volume of the wells.
· ii. Heat the samples in a heat block or water bath for 2 minutes at 95°C to denature the proteins and ensure the maximum amount of SDS binding to the proteins. Allow the samples to cool to room temperature. Remove insoluble materials by centrifugation.

· 8. Prepare total cellular protein samples:

· i. Loosen the prepared cell pellet by vortexing the pellet briefly.

· ii. Add 2X SDS-PAGE sample buffer directly to the cell pellet and vortex.

The resultant cellular protein lysate is highly viscous. The amount of sample buffer to add varies depending on the cell line under study. However, a good amount to use is 100 μl of 2X sample buffer per 1 × 105 cells. The optimal amount must be determined empirically.
To load the entire protein sample onto the gel, bear in mind that the sample volume (i.e., protein pellet and sample buffer) should not exceed the volume of the wells.
· iii. Centrifuge the cellular protein lysate at 100,000g for 20 minutes, and collect the supernatant.

Protein concentration for a certain number of cells differs slightly for different cell lines. If the protein concentration exceeds 10 μg/μl, add SDS powder. Addition of SDS to 5% final concentration will not interfere with the electrophoretic separation.
· iv. Heat the samples in a heat block or water bath for 2 minutes at 95°C to denature the proteins and ensure the maximum amount of SDS binding to the proteins. Allow the samples to cool to room temperature. Remove insoluble materials by centrifugation.

Running a Discontinuous Slab Gel
· 9. Use a pipette and gel-loading pipette tips to load the samples into the sample well.

· 10. Connect the power supply to the electrophoresis apparatus with the anode (+) linked with the bottom reservoir and the cathode (-) connected to the upper reservoir.

· 11. Pass a constant voltage of 200 V at 8°C (with cooling system connected), or 90 V at room temperature, through the gel until the Bromophenol Blue dye front reaches the bottom of the gel. This will take ~6-8 hours at constant 200 V and ~16-18 hours at constant 90 V.

· NOTE (from Karl) we use 180 V, 400mA (constant V) for 40 minutes. I have no idea where they got 8 hours from.

· 12. Turn off the power supply, and disconnect the electrodes. Remove the gel plates from the apparatus, and carefully remove a spacer. Use the spacer to gently pry the gel plates apart, leaving the gel stuck to one plate.

· 13. Visualize the proteins using an appropriately sensitive staining method.
Staining Proteins in Gels with Coomassie Blue

1. Richard J. Simpson
This protocol was adapted from “Peptide Mapping and Sequence Analysis of Gel-Resolved Proteins,” Chapter 7, in Proteins and Proteomics by Richard J. Simpson. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, USA, 2003.
 INTRODUCTION
The most commonly used dye for visualizing proteins in SDS-PAGE gels is Coomassie Brilliant Blue R250 (CBR-250) because of its relatively high sensitivity. This protocol describes the standard CBR-250 staining method, along with a simple method for preparing stained gels for long-term storage.

This protocol was adapted from Simpson and Reid (1998).
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Reagents

Coomassie Brilliant Blue staining solution

Coomassie destaining solution

Protein samples within a gel that have been separated by electrophoresis

Equipment

Cellophane (optional, see Step 4)

Gel dryer frame, plastic (Amersham Biosciences) (optional; see Step 4)

Mechanical shaker

Plastic containers

Plastic wrap (optional; see Step 4)

Tissue paper, fine grade (e.g., Kimwipes)

METHOD

Staining of Gels

· 1. Place the gel containing the proteins of interest in a plastic container that has sufficient Coomassie Brilliant Blue staining solution to cover the gel. Place the container on a mechanical shaker and allow the gel to stain for 20 minutes at room temperature.

· 2. Remove the staining solution. Add Coomassie destaining solution and three sheets of fine-grade tissue paper. Destain by shaking at room temperature. Replace the destain solution several times until the gel is fully destained.

The tissue paper binds released stain.
Storage of Coomassie-Blue-Stained Gels

· 3. If the gel will be processed in less than 1 month, store it in 200-250 ml of Coomassie destaining solution at room temperature in a sealed plastic container.

· 4. For long-term storage, do as follows:

· i. Place the gel between two sheets of cellophane in a plastic gel frame.

· ii. Air-dry the gel in a chemical fume hood for ~16 hours.

· iii. Wrap the dried gel in plastic wrap, and store it at room temperature.

DISCUSSION

The limit of detection for standard CBR-250 is generally quoted as 50-100 ng, but if sufficient destaining can be achieved, as little as 10 ng of protein can be detected. By increasing the temperature of both the staining and destaining steps, the length of the procedure can be shortened to ~25 minutes with a concomitant increase in sensitivity to 2.5-5 ng of protein.

