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Title: Preparation of Synaptic Plasma Membrane and Postsynaptic Density Proteins Using a Discontinuous Sucrose Gradient

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 – we will not use microscopes in our protocol. 

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? NO
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 2.3, 2.12, 3.1-3.5, 3.9
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? Building the gradient and removing the layer from the gradient (the steps before and after centrifugation). To ensure success we need to have enough material to repeat the process (backup samples and columns) and we need to do the studies in a vibration-free area. 

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 this procedure is to demonstrate subcellular fractionation of brain tissue using a discontinuous sucrose gradient to enrich for proteins from the synaptic membranes and post-synaptic densities. (Intro)  This is accomplished by first homogenizing the brain tissue with a powered homogenizer. (P1)  Next are a series of centrifugation steps to prepare crude membrane protein extracts. (P2)  The membrane extracts are then layered on a discontinuous sucrose gradient for ultracentrifugation. (P3)  The final step is to collect the proteins from the gradient. (P4)  Ultimately, the results can show changes in synaptic protein levels through western blot analysis. (P5)
Please insert an image of your graphical overview file here
The graphics are being worked on.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Amy Ramsey: This is a well-established technique that has been used by neuroscientists for over 40 years. We have used it in our laboratory to understand how the protein composition of the synapse changes when neurotransmitter systems are perturbed.
1.2. Kristel Bermejo: The main advantage of this technique over other methods, like using percoll gradients or continuous sucrose gradients, is that discontinuous sucrose gradients are easier to build by hand.   

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

2. Tissue Homgenization and Fractionizing

2.1. This protocol makes use of a motor-driven glass-teflon homogenizer.  Always replace the pestle between samples and rinse and dry the homogenizer.
2.1.1. WID: talent rinsing used pestle. MED: loading new pestle into motorized homogenizer, in preparation.
2.1.2. MED: loading new pestle into motorized homogenizer, in preparation. WID: talent rinsing used pestle.
2.2. First, load the dissected tissue (TEXT: 50 – 100 mg for SPM; 100 – 200 mg for PSD) into a 13-milliliter tube with four milliliters of 0.32 Molar HEPES-buffered sucrose solution.
2.2.1. MED: transferring tissue form dissection plate to 13-ml tube
2.2.2. CU: tissue accumulating in solution in tube
2.3. Then, transfer the tissue to a clean glass homogenizer.  Set the motor to 900 RPM and homogenize the sample with twelve strokes over 30 seconds.  Using less than 4 grams of tissue ensures a good fractionation.
2.3.1. MED: transferring tissue from 13-ml tube to the homogenizer
2.3.2. CU: setting the homogenizer to 900 RPM 
2.3.3. MED: using 12 strokes over 30 sec to homogenize tissue 
2.4. Transfer the sample back to the tube and store a 100 microliter aliquot at negative 80 ºC for protein analysis.
2.4.1. MED: moving homogenized tissue back to 13-ml tube
2.4.2. MED: taking an aliquot from the 13-ml tube or homogenizer to a small plastic tube for freezer storage
2.5. Next, separate out the nuclear material by spinning the homogenate at 900 G for 10 minutes, at 4 ºC.
2.5.1. WID: loading the tube into the centrifuge

2.5.2. CU: centrifuge control panel - setting 900 G, 10 min and starting spin
2.6. Then, set the supernatant aside and re-suspend the pellet in half a milliliter of 0.32 Molar HEPES-buffered sucrose.   This is the nuclear fraction.  Store it at negative 80.

2.6.1. MED: taking supernatant from tube and ejecting it into clean centrifuge tube.

2.6.2. then adding HEPES-buffered sucrose to pellet and mixing it in, then drawing it up to put into new tube – new shot added

2.6.3. CU: adding the mix to a new tube, then capping it, the cap read “nuclear fraction” 
2.7. Now, to enrich for the crude synaptosome, centrifuge the supernatant at 10 thousand G for 15 minutes, at 4 degrees.
2.7.1. WID: (following) taking supernatant from bench to centrifuge, then loading it in

2.7.2. MED: programming centrifuge and starting cycle
2.8. Collect the new supernatant and store about half a milliliter of it at negative 80 for protein analysis. This is the S2 fraction.
2.8.1. MED: collecting supernatant from tube, transferring a small volume to small tube and discarding remainder

2.8.2. CU: capping the small tube, cap reads “protein analysis” or something more appropriate (TAIL SLATE)
2.9. The pellet contains the crude synaptosome fraction.  Resuspend it in a milliliter of the sucrose solution.  Then add another three milliliters of solution to the suspension.  (TEXT: 0.32 M sucrose in HEPES)
2.9.1. MED: adding sucrose solution to pellet and resuspending pellet

2.9.2. MED: adding another aliquot of sucrose solution to mix
2.10. For 15 minutes at ten thousand G and at four degrees Celsius, spin down the crude fraction.

2.10.1. MED: loading the tube back into the centrifuge, setting it and running cycle
2.11. Store a half-mil sample of supernatant at negative 80 and discard the remainder of the supernatant. This is the S2 prime fraction.
2.11.1. MED: removing supernatant from tube, then transferring most of it to a new centrifuge tube and 0.5 ml to a storage tube

2.11.2. CU: capping storage tube, the cap is labeled appropriately for this sample. (TAIL SLATE)
2.12. Now, quickly lyse the pellet.  Resuspend the pellet in a mil of pure water, then add another three milliliters of water.  Rapidly, transfer this to the homogenizer, apply three strokes by hand and transfer it back to the 13-milliliter tube.

2.12.1. MED: adding water to pellet and mixing, then adding more water

2.12.2. CU: adding mix to homogenizer (MISSED SLATE)

2.12.3. MED: three quick homogenization strokes and returning solution back to tube
2.13. Quickly, adjust the sample back to 4 milliMolar HEPES with an addition of 16 microliters of 1 Molar HEPES and mix it by inversion. 
2.13.1. MED: adding HEPES to tube, then capping tube

2.13.2. CU: inverting the tube (TAIL SLATE)
2.14. Now, put the sample on a rotator at 4 ​ºC for half an hour, to ensure the lysing.
2.14.1. MED: loading tube onto rotator in cold room or in refrigerator and starting rotator
2.15. Finish the fractionation by pelleting the lysed P2 prime fraction.  Spin it down at 25 thousand G for 20 minutes at 4 ºC.
2.15.1. WID: talent returns to bench and picks up tube with supernatant from 2.11

2.15.2. Reuse 2.10.1
2.16. Save 5 milliliters of the supernatant at negative 80 for later analysis. This is the vesicular membrane fraction.
2.16.1. MED: removing supernatant and ejecting 5 ml into a storage tube., discarding the remainder
2.17. Resuspend the pellet in a milliliter of sucrose solution.  This contains the enriched synaptosomal membranes.
2.17.1. MED: adding sucrose solution to pellet, be sure the stock bottle is clearly labeled

2.17.2. CU: mixing the pellet into the solution
3. Isolating the Synaptic Plasma Membrane (SPM) Fraction 
3.1. First pre-measure the buffers to make a discontinuous sucrose gradient.  Load three tubes as follows: one with exactly 3.5 milliliters of 1.2 Molar HEPES-buffered sucrose solution …
3.1.1. WID: talent at bench setting up three tubes to load with solution
3.1.2. MED: loading the 1.2 M tube
3.2. … another with exactly three milliliters of 1.0 Molar solution …
3.2.1. MED: loading the 1.0 M tube (TAIL SLATE)
3.3. … and the third with three milliliters of 0.8 Molar solution. 
3.3.1. MED: loading the 0.8 M tube
3.4. Next, with a glass Pasteur pipet, transfer the 1.2 Molar sucrose solution to a 12-milliliter polyallomer ultracentrifuge tube. 
3.4.1. MED: loading pipette with 1.2 M solution
3.4.2. CU: adding solution to polyallomer ultracentrifuge tube
3.5. With a new pipette, carefully layer the 1.0 Molar solution onto the 1.2 Molar solution.  Do not disturb the 1.2 Molar solution or introduce bubbles with the pipet.
3.5.1. MED: taking new pipette and transferring the 1.0 M solution over the 1.2 M solution
3.5.2. CU: show speed and care in ejecting 1.0 M solution into tube
3.6. Use the same technique to layer the 0.8 Molar solution on top.  Take caution; small vibrations from a bench vortex or microcentrifuge are enough to disturb the integrity of the gradient.  
3.6.1. MED: taking aliquot of 0.8 M solution and slowly ejecting it onto 1.0 M solution (over the 1.2 M solution) (Also added CU shot option)
3.6.2. LAB MEDIA: Figure 3A – correctly prepared gradient, ready to use
3.7. Amy Ramsey:  It’s important to build the gradients carefully and efficiently.  If it takes too long, or if the gradient is exposed to vibration, you won’t be able to recover synaptic membranes in the later steps.

3.7.1. WID: interview with talent at bench
3.8. Now, with another Pasteur pipet, layer the enriched synaptosomal membrane fraction on top of the prepared gradient. 
3.8.1. CU: slowly ejecting material from end of section 2 over stack of sugar solution in tube
3.8.2. LAB MEDIA: Figure 3B – gradient with addition of SPM fraction
3.9. Precisely balance the gradient in an ultracentrifuge in a swinging bucket rotor.
3.9.1. MED: loading tubes (balancer and gradient) into opposite positions in the bucket rotor
3.10. Then spin it down at 150,000 G for two hours, at 4 °C.  Be very careful when removing the gradient from the bucket.
3.10.1. CU: control panel, showing talent making settings, show if brake is on or off
3.10.2. WID: unloading rotor into ultracentrifuge and then removing sample
3.11. After the centrifugation there should be clear bands of sucrose solution with protein fractions at each interphase and a pellet.  The fractions should not be diffuse.
3.11.1. LAB MEDIA: Figure 3C – gradient after centrifugation
3.12. Using an 18-gauge needle and a one milliliter syringe, puncture the lowest part of the one to 1.2 Molar interphase and withdraw the white band of protein, which contains the synaptic plasma membranes.  Record the volume of this layer.
3.12.1.  CU: talent pushes a needle into the tube to collect the white layer (TAIL SLATE)
3.12.2. ECU: show needle approaching the white layer and then sucking it up (NO SLATE)
3.12.3. CU: syringe filling up with white layer material (TAIL SLATE)
3.13. Transfer the layer to a 3.5 milliliter thick-walled ultracentrifuge tube.  Add exactly 2.5 volumes of four milliMolar HEPES.  Then, prepare a balancer tube with 0.32 Molar HEPES-buffered sucrose solution.
3.13.1. MED: ejecting the white layer from syringe to 3.5-ml tube
3.13.2. MED: adding 4 mM HEPES to tube
3.13.3. MED: loading a balancer tube with 0.32 M HEPES-buffered sucrose solution
3.14. In a fixed angle rotor, ultracentrifuge the sample at 200,000 G for 30 minutes, at 4 °C.  
3.14.1. MED: loading tubes into fixed-angle rotor, then loading this into ultracentrifuge and starting the spin cycle
3.15. Then, discard the supernatant and resuspend the synaptic plasma membrane pellet in 300 microliters of fifty milliMolar HEPES, two milliMolar EDTA solution.  (TEXT: Store at -80 °C)
3.15.1. MED: removing and discarding supernatant
3.15.2. MED: adding the HEPES/EDTA solution to the pellet and mixing        
3.16. The postsynaptic density fraction, or PSD fraction, can now be collected by further use of the same techniques. The steps are clearly outlined in the text protocol.
3.16.1. WID: talent performing a representative step in PSD fraction collection
(* Note – can use 2.14.1 and reuse 3.14.1 for these scenes).
3.16.2. MED: talent performing a later representative step in PSD fraction collection
Authors, we hit a length limit with describing the steps up to getting the SPM fraction.  Since the remainder of the protocol is just a repeat of techniques already shown, I don’t think there’s any problem with suggesting the viewer read the text for how to collect the PSD fraction. 
4. Western Blot of Fractions
4.1. A Western blot was run with the total protein, the synaptic plasma membrane and first post synaptic density protein fractions. The PSD fraction underwent just one detergent treatment and the tissue was from mouse striatum.  

4.1.1. LAB MEDIA: Figure 2 – top half

4.2. Perisynaptic proteins, like the dopamine transporter, are enriched in the SPM fraction, but are eliminated in the subsequent detergent step for PSD enrichment.
4.2.1. LAB MEDIA: Figure 2 – bottom half

5. Conclusion Interview (spoken by you on camera)
5.1. Kristel Bermejo: While attempting this procedure, it’s important to remember to keep the samples on ice at all times and include protease and phosphatase inhibitors.

5.2. Amy Ramsey: Following this procedure, other methods like western blot analysis or 2 dimensional gel electrophoresis can be performed. in order to Then you can answer questions like how drug treatment affects receptor levels at the synapse.
List of Provided Media Filenames and Descriptions (fill this in)

In this space, please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tif files at dimensions of at least 720X480 pixels and 300 dpi.  Higher  resolutions are better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Please insert your media filenames here.
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


