General Western Blotting 
(updated November 2022)

SAMPLE PREPARATION:

Weigh the tissue to be assayed either fresh or frozen.  Prepare a 10% (or 20%) homogenate by adding to the tissue 10 (or 5) volumes of one of the following (pre-chilled) buffers:

1.  High-SDS RIPA (1x PBS containing 5 mM EDTA, 0.5% NP40, 0.5% deoxycholate, and 1% SDS, with 1x protease inhibitor mix (currently Roche complete ULTRA tablets EASYpack #05892970001, one tablet/10 ml; in the past we've used Sigma P8340, considered to be a 100x stock).  If phosphorylation sites will be studied, also include 1x phosphatase inhibitor mix (currently Roche PhosSTOP #04906845001, one tablet/10 ml)

2.  Low-SDS RIPA (1x PBS containing 5 mM EDTA, 0.5% NP40, 0.5% deoxycholate, and 0.1-0.2% SDS, plus protease/phosphatase inhibitor as above)

3.  PEPI (1x PBS plus 5 mM EDTA and protease/phosphatase inhibitor as above).  

The choice between these buffers depends on what protein you want to look at.  Use low detergent RIPA or PEPI for cytosolic proteins, consider high-SDS RIPA for membrane-bound proteins.

Disperse the tissue by sonication (i.e., Branson Sonifier) or by tissue grinder (i.e., Kinematica Polytron PT 1200).  Hold the sample tube on ice during homogenization to prevent heating the sample.  

For sonication:  use the smallest probe (approx 3mm diameter) set to pulse at partial power output (dial at 2-3 for the Branson Sonifier).  It is often best to sonicate in short 1-3 second pulses to keep the sample from overheating.  Avoid foaming the homogenate if at all possible - this is done by making sure the probe tip remains completely immersed in the homogenate solution while sonicating.  

Keep completed homgenates on ice until all samples have been processed.  

Vortex each homogenate briefly, then centrifuge at 13-14 krpm for 5-10 minutes at 4º C using a refrigerated Eppendorf microfuge (this used to be done at RT rather than 4º C, also acceptable).  Remove the supernatant and discard the pellet.  This supernatant is considered a 10% (or 20%) homogenate.  If it was made with high-detergent RIPA buffer, the protein concentration will be approx 10 mg/ml for brain tissue; if made with PEPI, the concentration will be closer to 2 mg/ml.  Use Bradford or BCA assay to measure exact protein concentration if needed.  For homogenates of varying concentration, bring all samples to the highest common concentration by addition of PEPI or RIPA used to make the initial homogenate (including inhibitor mixes).  Ideally this will be at least 5 ug/ul.

For most antibodies, run 25-50 ug per well.  This is true for APP antibodies 6E10 and Y188.  A notable exception is 22C11; for this antibody 5 ug is more than enough.  

Prepare 5-50 ug for loading by mixing the appropriate volume of tissue homogenate with an equal volume of 2x Laemmli sample buffer (for 10 ml:  2.5 ml of 0.5 M Tris-HCL, pH 6.8, 4.0 ml 10% SDS, 0.5 ml 0.1% bromophenol blue, 2 ml of glycerol, and 1 ml of water.  Add 50 ul of b-mercaptoethanol per ml buffer immediately prior to use.).  For all blots EXCEPT PS1 and other multi-pass transmembrane proteins, heat the sample to 95º C for 5 minutes (use a heat block set to ~102º), then centrifuge briefly before loading onto the gel.  Samples do not have to be chilled on ice after boiling.  PS1 samples are loaded directly onto the gel without boiling; heat only to 55º C for 10 minutes if needed.  If running fewer samples than wells in the gel, load 10 ul 2x sample buffer into each of the unused wells to help prevent "smiling".  A good all-around molecular weight marker is Biorad Precision Plus Protein Dual Color (#1610374), another is Invitrogen's SeeBlue Plus 2.  Use 5 ul of either marker in one well to orient the gel.  Load less marker (3.5 ul) if protein signal/input is weak.

RUNNING THE GEL:

Choose a gel percentage that matches the MW of the protein to be assayed.  For APP (approx. 100kD) use a 10% Tris-Glycine gel (BioRad Criterion Gels, Hercules, CA).  To resolve the small CTFs of PS1 (approx 16-18kD) use a 16% gel or consider running a Tris-Tricine gel - in this case, be sure to replace Laemmli Sample Buffer with Tricine Sample Buffer but can use TG-SDS running buffer as below.   In most settings, a 4-20% gradient gel can be substituted for a fixed percentage gel.   In general, run each of these gels until the blue dye front is within millimeters of the end.  

Before loading the gel, remove the well comb and rinse all wells thoroughly with 1x TG-SDS running buffer to remove unpolymerized acrylamide.  Use a 30-60 ml syringe with a 18g needle that can be carefully inserted into each well.  

Gels are run in 1x TG-SDS buffer (#0147-40L, Amresco, Solon, OH) at 75-100 V through the stacker (approx 30 minutes), and 150V through the resolving portion (approx 1.5-2 hr, depending on % acrylamide).  Air bubbles should be fairly even across the electrodes when the voltage is applied. 

Once the dye front has reached the bottom of the gel, turn off the power supply and disconnect the leads.  Remove the gel from the box and rinse the gel cassette with water to remove excess TG-SDS.....and be ready to transfer immediately afterwards:

TRANSFERRING THE GEL BY ELECTRO BLOTTING (ie BioRad TransBlot Turbo)
While gel is running, prepare fresh Biorad transfer buffer from 5X stock (BioRad #10026938, part of Transfer Kit #1704271) and keep at 4º C until ready for use. For 500 ml, add 300 ml MiliQ water, 100 ml 5X transfer buffer stock, and 100 ml 100% ethanol (histology/reagent grade).  Prepare approximately 200-250 ml of transfer buffer per gel.  Make fresh prior to use - this solution cannot be stored.  
Turn on the BioRad Transblot Turbo machine.  Select from list ( Biorad-defined ( MIDI size gel ( select transfer type (standard MW = 7 min, high MW= 10 min, etc.)  You can also set your own time manually, i.e., HMW proteins may require 13 min transfer.  
Rinse the gel cassette with MilliQ water to remove excess TG-SDS.  Pry open the gel cassette, cut off the bottom few mm of gel and the 'fingers' that had formed the wells.  Place the gel into a container of 1x TG while preparing for the transfer.  Next, build the transfer sandwich.  Prewet your nitrocellulose membrane (part of BioRad #1704271; if probing low MW proteins/peptides, use PVDF membrane instead (BioRad #1704273) which must be prewet in 100% methanol before going into 1xTG) by placing flat into a container of transfer buffer.  Let sit at RT until needed.  Next, wet one transfer stack (part of BioRad Transblot Turbo transfer pack #1704271) with transfer buffer and place flat into the transfer cassette.  Use the roller to ensure the layers are flat and no air bubbles are trapped underneath.  Now place the prewetted nitrocellulose membrane on top of the stack in the cassette.  Carefully place the gel on top of the membrane, starting in the center.  Gently remove air bubbles with a roller.  Wet a second transfer stack with transfer buffer and place on top of the gel, again flatten gently with the roller.  Close and lock cassette.  Insert cassettes into the Transblot Turbo and press Run

TRANSFERRING THE GEL BY TRADITIONAL IMMERSION TANK (i.e., Criterion Blotter tank):

While the gel is running, prepare fresh 1x TG buffer (#0251-40L, Amresco) for transfer.  This buffer becomes discolored after storage for more than 1 week, and should be made fresh for each transfer.  In general, 1x TG should include 20% methanol.  If working with gels that don't include SDS in the acrylamide such as Criterion Tris-HCl gels, include 0.1% SDS in the 1xTG to increase transfer efficiency.  Prepare 1.5-2 liters of buffer for transfer with the BioRad Criterion blotter.  Pre-chill the transfer buffer at 4º C until needed.  Set up for transfer a large shallow dish, two sheets of 3MM paper cut to size (part of BioRad #1620235, or sold separately as #1704085), several pieces of scotchbrite, and one sheet of nitrocellulose (i.e., part of BioRad #1620235, or supported nitrocellulose #1620070) cut to size for each gel to be transferred.  The scotchbrite should be well rinsed with water and presoaked in TG buffer prior to setting up the transfer.  Make sure that you have pre-frozen the blue plastic gel pack that will be immersed in the transfer chamber to prevent overheating.
Set up for transfer by placing the clear side of the sandwich plates into the shallow chamber filled with TG.  Place on top of this one sheet of presoaked scotchbrite, and on that one sheet of 3MM paper.  Next place the nitrocellulose onto the 3MM paper – the membrane does not have to be prewetted, just place it down carefully from the middle and roll it out to the edges to wet it evenly.  Returning to the gel, pry the plastic plates open and cut off the bottom few millimeters and the top well "fingers".  Pick up the remaining gel and place it carefully onto the nitrocellulose, again starting in the middle and rolling slowly out to the edges.  Use a roller to roll out any air bubbles that may be trapped in between the layers and to straighten the gel into a nice rectangle.  Place a second piece of 3MM paper on top of the gel to "lock" the sandwich in place, and again roll out any air bubbles that have become trapped between the layers.  Follow with the second piece of scotchbrite, then close the plastic sandwich and secure the top.  Making sure the sandwich stays thoroughly wet in the meantime, place the transfer chamber into a large tupperware container filled with ice, and place the entire ice/transfer chamber assembly onto a stir plate.   Fill the transfer chamber part-way with TG and include a small stir bar in the bottom.  Once filled, place the sandwich into the transfer chamber so that the black half of the sandwich faces the black pole.  Place the frozen gel pack into the transfer chamber and then fill to the top with TG.  Proteins will run towards the cathode (red), from the gel into the nitrocellulose membrane.  For the BioRad Criterion blotter, run the transfer for 60 min at 100 V constant voltage.  Bubbles should be visible at the electrodes shortly after applying voltage.   If SDS is included in the buffer, you will need to prevent excess heat from melting the gel - place the cell bottom into a large tub of ice, and replace the cooling pack inside the transfer cell every 15-20 minutes during transfer.

PONCEAU-S STAINING OF THE BLOT AND COOMASSIE STAINING OF THE GEL TO CONFIRM PROTEIN TRAINSFER (optional):

After transfer is complete, rinse the blot with MilliQ water and then place into a small container of 5% Ponceau-S solution to stain at RT for ~5 min (0.3% Ponceau S (Sigma #P3504), 1% acetic acid).  Rinse excess stain with MilliQ water, photograph immediately.  

Save the gel, rinse with MilliQ water for 3 x 5 min at RT, immerse in SimplyBlue Safe Stain (Novex/Thermo #LC6060) for 1 hr at RT, destain by rinsing in MilliQ water for 1-3 hr.  
BLOCKING NON-SPECIFIC BINDING:

In advance, prepare blocking solution:  1x PBS with 5% nonfat dry milk and 0.1% Tween-20.  Add approx 50 ul 10N NaOH per 100 ml and check that the pH returns to 7.4.   If using fluorescent secondary antibodies and the LICOR detection system, an alternative blocking buffer including fish skin gelatin may be needed.  This can be purchased from Rockland Immunochemicals or from LiCOR. 

Once the transfer is complete, check to see that the MW markers have completely cleared the gel and appear as reasonably sharp bands on the membrane.  Do not let the membrane dry out at any point from here on.  Rinse the membrane briefly with water, then either go directly to the blocking step, or if blotting for A, consider this alternative from the Holtzman lab. They recommend boiling blots that will be used to detect A peptide in PBS for 5 minutes.  If you warm the blot before immersing it in the boiling PBS you can do a reasonable job of keeping the nitrocellulose from curling.  The boiling step is used to increase sensitivity of detection, although I have not yet tested this directly.

After rinsing with water or boiling in PBS, place the membrane into a small container such as a pipet box lid filled with blocking solution and shake gently for 30-60 minutes at room temperature.  

ANTIBODY INCUBATION:

The blot can be incubated in primary antibody diluted in block solution either overnight at 4º C or for 2-3 hours at room temperature. A recent alternative recommended by the Holtzman lab is to incubate the primary overnight at room temperature with 0.1% sodium azide in the mix.   In general, 3 hr incubations are run with the antibody twice as concentrated as overnight incubations.   Incubations are carried out in small containers such as pipet box lids, and require at least 10 ml of solution.  Provide gentle agitation throughout the incubation (i.e., on a Red Rocker platform).  If using the LiCOR infrared detection system, addition of 0.1% Tween-20 to the primary antibody dilution may help to reduce background.

After the primary incubation, wash each blot 3 x 10 minutes with PBSTw (1x PBS with 0.1% Tween 20).   Shake at moderate agitation on a rotating platform for washes.  

Secondary antibody specificity should be chosen to match the source of the primary antibody.  Secondaries can generally be used at 1:2,000-1:5,000 (1:10,000-1:20,000 for LiCOR secondary antibodies), and should be diluted in approx 20-25 ml blocking solution.  Incubate with secondary 1 hour at room temperature with gentle agitation.  If using the LiCOR IR detection system, addition of 0.1% Tween 20 AND 0.01% SDS may help to reduce background fluorescence.  Also, with the LiCOR system, do not incubate in secondary any longer than 1 hour to prevent non-specific binding. 

 Wash each blot 3 x 10 minutes with PBSTw.   Shake throughout the washes somewhat harder than during the incubations.   If detection will be done by LiCOR imaging, follow these washes with several rinses in PBS to remove Tween-20 from the blot. 

DETECTION:
For LiCOR imaging, log into department computer in Kim Tolias’ lab and open the ImageStudio program.  You will need neuroscience access to login to this computer, ask Carlos Mendez to add you to a Neuroscience group.  Clean scanning trays before use.  Place blots directly onto tray and insert into machine.  Scan the image at 700 nm and/or 800 nm in the “Acquire” tab. Labeled MW markers show brightly at 700 nm and will help align the gel even if only an 800-conjugated secondary was used.  For ECL blots, remember to select “Chemi”.  Use ECL detection as last step.  Images are generally scanned at 2 min exposure time.  For weaker signals, scan with longer exposure time. You can rename the images in the Comments section at the bottom of the ImageStudio window.  Highlight the files you want to keep and save them as a .zip file by clicking the yellow iS icon on the top left side of the screen, going to Export - Image Studio File - Zip File. Save the .zip file onto a flash drive or email it to yourself.   Using the free version of ImageStudio Lite back at your own desktop or laptop computer, click on Import and then Image Studio Zip file. 

For ECL detection with HRP-labeled secondaries, prepare chemiluminesense reagent (Amersham ECL Prime Western from GE) by mixing 1 ml of Reagent A with 1 ml Reagent B.  Pour the mixture into a small container, again a pipet box lid works well.  Following the final wash with PBSTw, rinse the blot briefly with water, then submerge in ECL mix for 1 minute.  Continuous rotation of the blot in the ECL container helps to distribute the reagent evenly across the blot.  Remove the blot and wrap in Saran wrap, making sure the membrane stays wet with ECL solution.  Image immediately.
STRIPPING BLOTS: 

Wash blot 3 x 5 min in PBS after completing ECL or LiCOR imaging.  Incubate blot for 30 min at 50º C in 50 mM Tris-HCl pH 6.8, 2% SDS, 0.8% β-mercaptoethanol with gentle agitation.  Wash blot 3 x 5 min, reblock and reprobe.  

