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Title: Consensus Brain-Derived Protein Extraction for Mammalian Brain Proteome Studies using 2D-DIGE and Mini 2DE Immunoblotting
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)? No
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? 

No a step-by-step description but an overview of how data are analyzed:

1-Fluorescence images alignment regarding the internal standard.

2-Show different spot volumes and selected ones to be excised.

3-Mini 2DE overlapping profiles to see the modifications.

4-Example of quantification of the changes.

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 

From 3.6 to 3.11 and 4.8 until 4.9. 

D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  

The most difficult aspect of this procedure is to ascertain that not overlapped spots are missed after informatics analysis, so we ensure this limitation by performing the mini-2DE of our protein of interest.

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) No

Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to extract protein from human and mouse brain tissue for proteomics analysis. (Intro)  
This is achieved by using a common lysis buffer to obtain the same protein extraction adapted for two dimensional electrophoresis approaches. (P1)  
Next, two-dimensional fluorescence difference gel electrophoresis is used to separate proteins for mass spectrometry identification. (P2)   
This is followed by a miniature 2D gel electrophoresis with immunoblotting to identify post-translational modifications. (P3)  
The results can show global protein expression, post-translational changes, oligomerization and catalytic products based on the differences in isoelectric point and molecular weight. (P4)
Video editor:

Do not include either of the logos in the corners of the provided graphic.

P1 – use the mouse for P1 and then zoom into its head and fade to the multicolor brain.  Then, use an arrow with UTS extraction title and fade on the tube and UTS brain lysate.  Feel free to use better stock images of any of these three graphics, but the three provided are reasonable.

P2 – Fade to the first image provided for P2, then fade on the Spotlist to the side.  Next, replace the black image with to the image titled Excision (notice that this is the same in a negative).

P3 – Show the image for P4.  The intervening P3 images are not informative.

P4 – Show 5.8.1.Figure3A.tif.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Francisco: The combination of 2D-DIGE and 2DE immunoblotting can help to answer key questions in the neuroproteomics field by simultaneously providing information on expression changes, post-translational modifications and catabolism products. 

1.2. Francisco: Demonstrating the procedure will be Hélene and Sabiha, technicians from my laboratory. 

Protocol Chapters (read by a voice talent at JoVE):

2. Extracting Total Protein
2.1. Begin with harvesting and homogenizing the brain tissue.  Prepare the tissue at 10% weight to volume in extraction buffer.  For human brain tissue, homogenize the tissue using a glass pipettor; however, use a Teflon homogenizer for rodent tissue.
2.1.1. WID: talent transferring brain tissue into extraction buffer
2.1.2. CU: we see the amount of solution around the tissue before homogenization, then talent demonstrates homogenization of tissue with glass pipettor or Teflon homogenizer, depending on where if came from
2.1.3. ECU: detail of completing the homogenization, show the consistency/color of tissue in solution
Authors, we rarely demonstrate solution preparations.  Also, we are up against a length limit, so I removed the solution preparation instructions you suggested adding.  There are a few other places I condensed the text.  I preserved everything possible to make the shooting time feasible.
2.2. To disintegrate either homogenate, sonicate it at 60 Hz using thirty half-second pulses.
2.2.1. MED: places homogenate in ultrasound generatore and sets pulses for ½ second at 60 Hz, then applies pulses (x 2 takes)
2.3. Next, determine the protein concentration with a Bradford assay using BSA as a standard.  An SDS-PAGE works well as long as the lysates are not over-heated. 
2.3.1. MED: talent performs representative solution mixing step of Bradford assay and putting samples into heat bath/block
2.3.2. MED: loading an SDS-PAGE (gel) with samples (CU at the end)
2.3.3. CU : extra shot on the result
2.4. Now, gather the solutions for a chloroform-methanol precipitation in an ice bucket.  Plan to collect about 125 µg for 11-cm IPG strips or about 1.25 mg for 18-cm IPG strips. (TEXT: See text protocol for discussion on IPG strip selection.)
2.4.1. WID: talent gathers solution for extraction to ice bucket
2.4.2. MED: bottles of solution on ice and other materials gathered, pan over workspace (under hood) (2.4.2 done with 2.4.1)
2.5. Once the solutions are at 4ºC, perform the precipitation completely on ice.  First, add three volumes of methanol, then one of chloroform.  Shake this mixture.
2.5.1. MED: adding methanol to protein sample, on ice
2.5.2. MED: adding chlorform to protein sample, on ice, then mixing with shaking (done with 2.5.1) (methanol and chloroform already mixed) take 3
2.6. Next add three volumes of cold water.  Vortex this mixture for one minute.
2.6.1. MED: adding cold water to sample, then vortexing the mix
2.7. Precipitate Centrifuge the sample tube at 12 thousand G’s for thirty minutes at 4ºC.
2.7.1. WID: loading centrifuge with sample tube, setting and starting cycle (take 1-2 : start with a CU of the white sample, take 3: WIDE)
2.8. Aspirate and discard the supernatant.  Then, add three volumes of methanol, vortex and spin down the proteins in the same manner. (TEXT: 12,000 x g, 30 min, 4 ºC)
2.8.1. CU: removing supernatant from spun down tube take 2
2.8.2. MED: adding back methanol to tube, on ice, then vortexing
2.8.3. Extra shot: centrifuge
2.9. Dry the collected protein pellet under nitrogen gas.
2.9.1. ECU: spun down sample tube, supernatant being removed and then just show not yet dry pellet
2.9.2. MED: drying the pellet with N2 gas (unable to shoot this, no gas left, you’ll need to give the information by text or voice over)
2.10. Before 2D-DIGE, resuspend the protein in 2D-buffer at 2.5 milligrams per milliliter, then sonicate the samples as done before.   Until they are used, store them at -80 ºC.  (TEXT: Store at -80 ​ºC)
2.10.1. ECU: dried pellet, in tube, 2D-buffer is added to tube
2.10.2. Reuse 2.2.1
3. Quality Control and Dye-Conjugation
3.1. Before beginning this step and after protein precipitation, it is necessary to determine the protein concentration once more by Bradford assay, following the same procedure as shown earlier. Before Cy-Dye labeling, the quality of the protein sample is verified by SDS-PAGE. For that purpose, dilute 15 micrograms of protein in LDS and heat it to 37ºC in a heat bath or block.  Then run them on a polyacrylamide gel. (TEXT: 4% - 12% gel)
Reuse 2.3.1
3.1.1. MED: adds protein extract to an aliquot of LDS (or visa versa) and places tube in heat block/bath
3.1.2. MED: gel box is closed up, with samples loaded, and talent starts the electophoresis (see 2.3.2) Here place the recording 2.3.2, which is removed from this revised version.
3.1.3. CU : extra shot on the result (Please move the shot of 2.3.3 here)
3.2. Stain the gel with Coomassie Blue solution for at least an hour.  (TEXT: 0.1% Coomassie Blue G-250, 50% EtOH, 10% v/v acetic acid) Then, de-stain the gel overnight in 7% acetic acid, 10% ethanol solution.
3.2.1. MED: unloading gel from box and transferring it to stain bath
3.2.2. WID: transferring gel from stain bath to second bath and moving that bath to nutator/shaker and starting agitation cycle, clearly this is at room temperature
3.2.3. Please put the shot of the Coomassie blue stained gel here if different from 2.3.3, otherwise place shot 2.3.3 here
3.3. Once the protein sample quality is established, the next day, the Cy-Dye labeling procedure is started. First, measure the pH of the lysate, which should be basic to neutral.  The optimal pH is 8.6 for subsequent reactions.
3.3.1. WID: talent at bench, looking different than before as it is the next day, with pH paper, taking reading of lysate’s pH
3.3.2. CU: meter’s reading of the lysate’s pH (3.3.1 and 3.3.2 have been shot in continuity)
3.4. Next, set up the dye-conjugation reactions. For each protein sample, mix 50 micrograms with 400 picomols of Cy3 dye and 50 micrograms with 400 picomols of Cy5 dye.   Do this in quadruplicate for a total of eight dye-coupling reactions per sample.
3.4.1. MED: talent at bench with cyanine dyes, sample protein and positive control protein – pan across work space while talent is setting up the sample reactions with Cy3 and Cy5 (take 2 : CU)
3.4.2. CU: taking an aliquot of Cy3, clearly show labeled vial/bottle of Cy3
3.4.3. CU: adding aliquots of Cy3 to protein aliquots (3.4.2 and 3.4.3 are the same shot)
3.5. For each tested sample, make a complementary set of dye-coupling reactions using protein from the control, such as from a diseased brain. Called 3.4.4
3.5.1. MED: talent starts taking aliquots of diseased brain protein extraction to set up another group of Cy3 and Cy5 reactions – taking aliquots of different materials
3.5.2. CU: diseased brain protein extraction tube, talent removing an aliquot
3.6. Then, for every pair of reactions, set up an internal control reaction with 400 picomols of Cy2 and an even representation of all proteins, totaling 250 micrograms.
3.6.1. MED: taking aliquot of proteins into on tube and gentle pipetting to mix the solution 
3.6.2. MED: making Cy2 reactions from aliquots of the protein mix and Cy2 (with 3.6.1)
3.7. Cy-Dye labeling is achieved by incubating all the reaction mixtures at 4ºC in the dark for an hour.
3.7.1. WID: sets up reactions to incubate in fridge, closes fridge door and talent leaves scene
3.8. After the incubation, combine all the sets of three different cyanine reactions into 150 microliter volumes. To each set of reactions, add 200 microliters of 2D buffer.  Then, proceed with the 2D-electrophoresis steps.
3.8.1. CU: mixing the different dye-reactions into sets of three, show all the reaction mixtures being completed to stress the total number in the demonstration 
3.8.2. MED: talent making a master mix of destreak/IPG/B.Blue and adding aliquots of master mix to all the dye-reaction tubes (CU at the end)
4. Fluorescence Difference Gel Electrophoresis (2D-DIGE) 

4.1. Begin with preparing unlabeled protein solutions for the preparative gel, from which protein spots will be excised.  For each sample and for the positive control, aliquot 300 to 350 micrograms of unlabeled protein into 2D buffer, and allow them to rehydrate in contact with the IPG strip.

4.1.1. CU: labeling the unlabeled protein tubes
4.1.2. MED: taking aliquots the protein solutions and adding them to their own tubes

4.1.3. MED: adding aliquots of 2D protein sample to bring the final protein quantity to 350 micrograms (with 4.1.2)
4.2. Next, load the IPG strips. Transfer the labeled and the unlabelled protein to a rehydration well.  Then, cover each well with an IPG reaction strip. 
4.2.1. CU: loading the reaction mixtures to the rehydration wells
4.2.2. CU: loading the strips into the wells
4.3. Follow this with an overlay of mineral oil and allow the strips to passively rehydrate with the protein solution, overnight, at no more than 25 ºC.
4.3.1. CU: loading mineral oil into well
4.3.2. MED: finishing loading the wells and cleaning up (take 2)
4.4. The next day, carry out isoelectric focusing of the IPG strips. (TEXT: See text protocol for details.)
4.4.1. MED: ending and detaching electrodes used for isoelectric focusing Extra shot : set the electrodes and close the lid to avoid light
4.5. Then, remove the oil and store the IPG strips at -20 ºC.  (TEXT: Store at -20 ºC)
4.5.1. CU: removing the oil from the apparatus
4.6. To equilibrate the IPG strips, submerge them in equilibration buffer for 15 minutes. (TEXT: 6 M urea, 2 % SDS, 30% Glycerol, 50 mM Tris-HCl pH 8.6, 1% DTT)
4.6.1. MED: transferring strips to equilibration buffer then starting 15:00 count-down timer
4.7. Then transfer the strips to 4.7% idoacetamide in equilibration buffer, lacking DTT.

4.7.1. MED: loading bath of 4.7% idoacetamide in buffer, then moving strips from buffer to idoacetamide
4.8. While bathing the strips, use a large 2D gel system to pour four 12% SDS-PAGE gels per sample in low-fluorescence glass plates, for the labeled proteins. (was already set so she is faking it in 4.8.1)
4.8.1. WID: setting up the large 2D gel system
4.8.2. MED: pouring gels into low-fluorescent glass plates, four total
4.9. Also pour one 12% SDS-PAGE gel in 1.5-mm thick, standard glass plates, for each of the unlabelled proteins.  These are the preparative gels. (for the same reason, content is a bit different)
4.9.1.  MED: pouring two gels in standard glass (open the gel system)
4.9.2. CU: setting them all up to dry (set them on a rack) take 2
4.10. When the gels are cooled, transfer the strips to the top of the gels and overlay the strips with 0.5% agarose.  (some buffer is poured to help the strip placement)
4.10.1. CU: laying strips onto the gels 

4.10.1b extra shot: talent takes off the buffer

4.10.2. MED: all strips laid out on one gel, then overlaying that gel with agarose
4.11. Once cooled, run the gels at 2.5 watts, at 4ºC, overnight, and analyze them the next day.  (TEXT: See the text protocol for further details.)
4.11.1. MED: all gels over-laid and set to run in the electophoresis apparatus, set up at 4 ºC – talent turns on the voltage
Authors I had to crop this section to help meet the length limit.
5. Mini-2DE for Quantitative Analysis
5.1. Mini-2DE reactions can be carried out with protein samples used for the preparative gels.  Measure out less than 100 micrograms of sample into 200 microliters of 2D buffer.
5.1.1. WID: talent loading reactions for IPG strips (see 4.2.1)(it fits after 5.1.2)
5.1.2. MED: taking small aliquot of protein and adding aliquot of protein to 200 µL of buffer (see 4.1.3)
5.2. Then, vortex the sample mixtures vigorously and give them a quick spin.
5.2.1. MED: finishing a vortex and then loading the sample into a microfuge
5.3. Load the samples onto 11-mm IPG strips and allow them to passively rehydrate, overnight, covered in mineral oil. The following day, perform the isoelectric focusing.  (TEXT: See text protocol for details.)
5.3.1. Reuse 4.2.1 – 4.4.1
5.3.2. Extra shot : set the electrodes and close the lid to avoid light Move to 4.4.1 and replace by previous 4.4.1
5.4. Then, move the strips through three baths of equilibration buffer for fifteen minutes per bath. (TEXT: 25 mM Tris-chloride, pH 6.8; 20 mM DTT; 10 % glycerol; 5 % SDS; 0.05 % bromophenol blue)  
5.4.1. MED: set up of three baths for IPG strips – talent moving strips between baths
5.5. The strips are then run on 2D SDS-PAGE gels.  Layer each strip onto a precast gel of the appropriate molecular weight polyacrylamide for the protein of interest.  Later, transfer the gels to nitrocellulose/PVDF and analyze them with antibodies.  (TEXT: See text protocol for more details.)
5.5.1. MED: setting up the SDS-PAGE gels with the strips

5.5.2. MED: finishing the layering of the strips and setting up the gel to run out
5.5.3. WID: transferring the gel(s) onto nitrocellulose
Authors I had to crop this section to help meet the length limit. 
6. Proteomics of Human and Mouse Tissue with Alzheimer Disease
6.1. In development of this protocol, three different lysis buffers were tested. Firstly, a common biochemical and molecular biology buffer Tris- SDS was tested.  
6.1.1. LAB MEDIA: Figure 1A
6.2. Tris-SDS had poorer resolution compared to another tested buffer, UTS.  The third buffer, 2DE, was ruled out as testable samples could not be prepared with it.
6.2.1. LAB MEDIA: Figure 1B
6.3. Next, human and mouse brain proteomes were investigated.  Human control cortex samples and AD cortex samples were compared.
6.3.1. LAB MEDIA: Figure 2A – human control versus AD
6.4. Mouse brain proteins from mice with AD-like Tau pathology were also viewed.

6.4.1. LAB MEDIA: Figure 2B
6.5. From the human sample, Cy2 was looked at independently.
6.5.1. LAB MEDIA: Figure 2C
6.6. As was Cy3.
6.6.1. LAB MEDIA: Figure 2D
6.7. And Cy5.  For each dye, the high spot resolution made alignment easy.
6.7.1. LAB MEDIA: Figure 2E
6.8. Qualitative mini-2DE analysis was used to investigate post-translational modifications and oligomerization.  Alpha-synuclein in AD tissue was found to have a normal profile but also found as a dimer, marked by an asterisk. Arrows mark where alpha-synuclein was found, ubiquitinated.

6.8.1. LAB MEDIA: Figure 3A

6.9. Amyloid precursor protein was also viewed by mini-2DE. Sporadic AD was compared with familial AD.  In familial AD, beta-amyloid 1-42 and isovariants are lower in concentration because oligomerized forms were found, at 8 kilodaltons.

6.9.1. LAB MEDIA: Figure 3B

7. Conclusion Interview (spoken by you on camera)

7.1. Francisco: After watching this video, you should have a good understanding of how to study the proteome in order to compare complex samples by measuring protein expression changes.  

There’s no need to further elaborate.
List of Provided Media Filenames and Descriptions (fill this in)

5.1.1.Figure 1A

5.2.1.Figure 1B

5.3.1.Figure 2A

5.4.1.Figure 2B

5.5.1.Figure 2C

5.6.1.Figure 2D

5.7.1.Figure 2E

5.8.1.Figure 3A

5.9.1.Figure 3B
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

( 2014, Journal of Visualized Experiments


