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I. Schematic Overview (Read by voice talent):
2.1. Photo-induced cross-linking of unmodified proteins (PICUP) stabilizes oligomer populations by covalent cross-linking and provides snapshots of dynamic intermolecular interactions that exist before cross-linking.  

2.2. When using amyloidogenic peptides and proteins, it is important to have a preparation free of pre-formed protein aggregates. Therefore, we pretreat the peptides with hexaufluoroisoporpanol (HFIP) that induces α-helical conformation and disrupts pre-formed aggregates.
2.3. The HFIP-treated peptide is first solubilized in dilute sodium hydroxide and then diluted with phosphate buffer to the physiologic pH. 
2.4. Once the peptide is solubilized, the cross-linking reagents, tris(bipiridyl)ruthenium chloride (ruthenium-Bpy) and ammonium persulfate, are added and mixed.

2.5. The tube containing the mixture is placed inside a bellows attached to a camera body and irradiated with visible light.

2.6. Irradiation in the presence of APS acting as an electron acceptor leads to photo-oxidation of ruthenium from oxidation state 2 to 3. Ruthenium 3 is a strong oxidizer capable of abstracting an electron from a neighboring protein molecule, and thus generating a protein radical. 
2.7. The protein radicals react with nearby protein molecules to form covalently cross-linked dimers and oligomers. 
2.8. The oligomer size distribution can then be analyzed by SDS-PAGE and silver-staining.

II. Introduction (said by researcher to cam)
Multiple Author Intro – add authors as necessary

I.1- Author 1: “Hi I’m Farid Rahimi from the Bitan Laboratory in the Department of Neurology at the University of California in Los Angeles (said looking at the camera).”
       I.2-Author 2: “I’m Panchanan Maiti also from the Bitan lab” 

       I.4-Author 1: Today we will show you a procedure for photo-induced cross-linking of unmodified proteins.

I.5-Author 2:  We use this procedure in our laboratory to generate stabilized amyloid (-protein oligomers and study the effect of structural modifications on the oligomer size distribution. 

I.6- Author 1: This procedure was initially published by Fancy and Kodadek to study stable protein complexes. The method was applied later by Bitan and others to quantitative study of metastable amyloid protein assemblies, including Aβ, prion, and α-synuclein. 

I.7-Author 2:  So let’s get started…

III. Protocol (read by voice talent) – 

3. Part 1: Preparing the peptides
3.1. To begin the protocol, hexafluoroisopropanol (HFIP), which has been pre-chilled on ice is added to silicon-coated, low-adsorbent tube containing 100-200 μg of lyophilized peptide, so that the final concentration is about 0.5 mM.  HFIP prevents aggregation of amyloidogenic peptides and this will improve the consistency of your results.

3.1.1. WID: Establishing shot of lab bench with ice bucket and solutions.   Talent approaches bench.

3.1.2. CU: Talent lifts HFIP out of ice and shows bottle to camera.

3.1.3. MED:  Talent pipets volume of HFIP and adds it to the small tube of peptide.  Talent sets down pipeter and caps HFIP.

3.2. Now, sonicate the peptide tube for 5 min at room temperature.

3.2.1. CU: At sonicator, talent puts tube there, then leaves scene, then returns to take out tube.

3.3. When sonication is completed, gently vortex the tubes and then allow them to incubate for 30 min at room temperature.

3.3.1. MED: at bench with vortex, talent approaches with tube.

3.3.2. CU: talent puts tube on vortex, make certain the setting on the vortex is visible in the shot, and holds it there for the appropriate length of time and removes it.

3.4. After 30 min, chill down the peptides on ice for 1 minute.

3.4.1. MED:  talent put tube into an ice bucket.

3.5.  The chilled peptides can now be divided into 10–50 μl aliquots in 0.6 ml low-adsorbent tubes.

3.5.1. MED: continuing 3.4.2, talent removes tube from ice bucket.

3.5.2. CU: a rack of empty 0.6 ml tubes (maybe on ice).

3.5.3. MED: talent pipetting from peptide tubes to empty tubes in rack.

3.6. Next tubes are put in the hood with the caps off to evaporate HFIP overnight. Wrap the rack of tubes in Kimwipes to prevent dust.

3.6.1. WID: establishing shot of hood, talent approaches with tubes, then sets them in hood and walks away.

3.6.2. CU: tubes with caps off wrapped in Kimwipes.

3.7. Once most of the HFIP has evaporated, any trace HFIP must be removed by placing the tubes in an exsiccator under vacuum for 2 hours. 

3.7.1. CU: tubes with caps off showing the tube to which HFIP has dried.  

3.7.2. WID: establishing shot of bench with exsiccator and talent approaches carrying tubes (if this device is in the same hood as where the tubes were drying, skip this shot, but make sure that the device was visible in shot 3.7.1)

3.7.3. MED: talent loading tubes into the exsiccator device.

3.8. The final product is a thin layer of peptide film within the tubes.  These tubes can be stored for months at −20 or −80 °C.
3.8.1. WID: talent holding a tube up to the light and looking through it.
3.8.2. ECU: a shot of the tube, being turned by talent, with sufficient light to show the thin layer of film in it.
3.8.3. WID: talent putting some tubes in a freezer, show talent walking up to it, opening and closing the door.
4. Part 2: Solubilizing and photo-cross-linking the HFIP-treated peptide

4.1.  To begin the solubilizing and photo-cross-linking processes, our peptide film is first dissolved in a solution of dilute NaOH (text: 60 mM).  After adding the NaOH, deionized water and then phosphate buffer is added.  The phosphate buffer should make up 45% of the final volume, the water 45% and the NaOH 10%.
4.1.1. WID: talent walks up to bench with tubes of dried protein film. 

4.1.2. CU: film being dissolved in NaOH.  

4.1.3. MED – water is added.  

4.2.  If residual protein film is left on the side of the tube, scrape it into the solution using the pipette tip and pipette up and down.

4.2.1. ECU: of the tube, a pipette scraping the internal sides of the tube and then mixing the solution.

4.3. The suspended peptides now should be sonicated in a water-bath sonicator for 1–2 min.

4.3.1. MED: Talent putting tube into sonicator.

4.4. After sonication, add the phosphate solution (text: 20 mM, pH 7.4) and mix by pipetting up and down.

4.4.1. MED: Talent removes tube from sonicator and adds solution to tube, followed by mixing. 

4.5. The tube is now centrifuged, at 16,000g for 10 min.

4.5.1. MED: Establishing shot of centrifuge.   Talent walks up with tube, loads centrifuge, turns it on and walks away.

4.6. While the centrifuge is spinning, prepare your camera for the photo-cross-linking.  The camera shutter delay should be set to 1 s and the shutter should be loaded.

4.6.1. WID: Establishing shot of bench with camera.  Talent enters area.

4.6.2. MED: Talent picks up camera.

4.6.3. CU: On camera, show talent setting the shutter speed.

4.7. Once the tubes have finished centrifuging, make 18 ul aliquots of the solution in clear .2 mL PCR tubes.  These aliquots will be used for the photo-cross-linking.  Be certain to set aside some peptide solution to be used as a negative control.

4.7.1. MED: Talent approaches bench with tubes taken from centrifuge.  

4.7.2. CU: talent takes dissolved peptide and aliquots it into .2ml pcr tubes.  

4.7.3. CU: talent aliquots peptide and labels with a “NC” for negative control

4.8. Just prior to cross-linking, we add 1 μl of RuBpy (text: 1 mM RuBpy prepared in 10 mM sodium phosphate, pH 7.4, vortex and stored in dark) and 1 μl of APS (text: 20 mM ammonium persulfate prepared in 10 mM sodium phosphate, pH 7.4, vortexed) to the peptide solution and pipette the solution up and down. 

4.8.1. ECU of single tube: RuBpy being added

4.8.2. ECU same frame for cross fade:  APS being added and pipetting up and down.

4.9. Now, we quickly place the tube inside a 1.8 mL glass vial and place the vial inside the bellows attached to the front of the camera body, we close the camera with the lens protector and press the shutter.  The sample now is irradiated for 1 s. At higher irradiation times, extensive radical reactions cause protein degradation. 

4.9.1. CU: Talent puts tube into a 1.8ml glass vial.  

4.9.2. MED: Talent places glass vial in bellows and closes the bellows with lens protector.  

4.10. Once irradiated, we quickly recover the .2 mL PCR tube and add 10 μL pre-prepared PAGE sample buffer containing β-mercaptoethanol (5% β-mercaptoethanol in 2× SDS-PAGE sample buffer) for SDS-PAGE.

4.10.1. MED: talent removes vial from bellows

4.10.2. ECU: adds 10µl of bm-ethanol.

4.11. The cross-linked peptides can be stored for up to 7 days at −20 °C prior to SDS-PAGE fractionation and silver-staining.

4.11.1. Use footage 3.8.3.

4.12. To visualize the cross-linked peptides, routine SDS-PAGE and silver-staining may be used.  In estimating the volumes you should load, 5 ul of the reaction mixture should yield roughly 130 pmol of peptide. 

4.12.1. MED: Talent loading a gel.

4.13. The Bitan lab recommends using the XCell SureLock Mini-Cell system from Invitrogen for gel electrophoresis and they perform silver-staining according to Invitrogen publication IM-1002, Novex Pre-Cast Gel Electrophoresis Guide.
4.13.1. MED: Talent showing XCell SureLock Mini-Cell system to camera.
4.13.2. MED: Talent picking up a copy of their protocol.  This can be a continuation of the above shot, and if the talent is into it, the idea is that the talent is modeling the item, ala The Price is Right.
5. Part IV: Representative Result
5.1.  Analyze your SDS-PAGE gel after silver-staining.
5.2.  Uncross-linked, control polypeptide, GRF runs mainly as a monomer (GRF, negative lane). Cross-linked GRF (GRF positive lane highlights) produces continuous oligomer distribution ranging from dimer through hexamer such that the apparent relative band intensity of oligomers decreases exponentially with increasing molecular mass.
5.3.  Uncross-linked calcitonin mainly runs as a monomer and some dimer (calcitonin, negative lane). Cross-linked calcitonin (calcitonin lane X highlights) yields an oligomer size distribution that strongly diverges from a monotonous exponential decrease in the region monomer through tetramer, suggesting pre-existence of dimers, trimers, and tetramers (red arrows pointing to dimer, trimer, and tetramer). 
5.4.  Uncross-linked Aβ40 runs only as a monomer (Aβ40, negative lane). PICUP-generated Aβ40 oligomers show approximately similar band intensities of monomer through tetramer, followed by a decrease in the abundance of higher oligomers (Aβ40 positive lane).
5.5.  Uncross-linked Aβ42 produces predominantly two bands, a monomer band and a trimer/tetamer band (Aβ42 negative lane, red arrow pointing to Aβ42 artifactual band).  The trimer/tetramer band is an artefact induced by SDS. 
5.6.  Cross-linked Aβ42 shows a distinct oligomer size distribution comprising 2 groups. The first group, monomer through trimer (positive lane, arrows pointing to trimer and tetramer), displays decreasing intensity with increasing oligomer order. In the second group, a Gaussian-like distribution is observed between tetramer and heptamer, with a maximum at pentamer and hexamer (shorter arrows pointing at pentamer and hexamer). 
V. Conclusion (Said by researcher to cam)

    C.1 – “We’ve just shown you how to photo-cross-link proteins using PICUP.

    C.2-  “When performing this procedure with amyloidogenic proteins that may contain aggregates in the powder, it’s important to remember to start with an aggregate-free preparation to obtain reproducible results. The conditions shown here can be modified experimentally according to the analytes of interest.

    C.3 – “So that’s it.  Thanks for watching and good luck with your PICUP experiments”

Provided Media
6.2 – Image 2 –SDS-PAGE and silver-staining results (will be provided later).
Formats:  For static images we prefer .tiff files AT LEAST 720X480 pixels in resolution.  The higher resolution, the better.  Likewise any exported movie files should have AT LEAST these dimensions and be rendered to .mov, .mp4, or .avi files.  

General Preparation:
Lab:
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.
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