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Authors, please fill out the brief questionnaire below.   
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)?  ___N_______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: steps 2.6 and 2.7 (formation of initial cell pellet before lysis); 3.3 (bead beating because it's fun to watch); 3.5 (prep of cleared WCE), 3.10 (snap freezing aliquots) and 4.3 (adding sample to resin) – because those last three steps occur at basically the same time and need to be coordinated well to minimize sample warming.____

D.  What is the single most difficult aspect of this procedure?  Keeping samples cold to preserve protein structure and function
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to extract yeast proteins while preserving native structure, function, interactions, and post-translational modifications (Intro).
This is accomplished by first growing cells to induce expression of the protein of interest (P1, Editor, bring in the brown circles then the flask and place the circles into the liquid in the flask ).
Next, the harvested yeast cells are homogenized in a suitable buffer to extract the proteins_(P2, Editor, transition to the tube next to the flask, then put the tube ‘into’ the machine with the blue dial and then remove the tube so that it looks like the tube below the machine).
Then the proteins of interest are purified from the clarified whole cell extract using an affinity resin_ (P3, Editor, have the colored squiggly squiggly come out of the tube and place them into the tube with the pink liquid).
The final step of the procedure is to elute the purified proteins from the affinity resin for further analysis or downstream applications (P4, Editor, remove the purple squiggly structures from the tube).

Ultimately results can be obtained that show protein purification, modifications and interactions based on Western blot analysis (P5, Editor, use Figure 1B here - rather than the gray square in ‘5’ in the schematic).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name _Eva Szymanski: The main advantage of bead-beating over other existing methods is the rapid processing processing and lysis of multiple samples under conditions that preserve protein function, interactions, and post-translational modifications.   

1.2) **Author name Oliver Kerscher: Demonstrating the procedure will be Eva Szymanski a recent W&M graduate who spent the last three years and an undergraduate researcher in my lab. 
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Purification of 6xHIS-tagged Proteins Expressed in Budding Yeast Cells Under Native Conditions
2.1. To begin, transform cells of a Gal+ yeast strain with a plasmid encoding a galactose-inducible 6-HIS-tagged protein of choice. 
2.1.1. WIDE Talent approaches bench with transformed yeast strain and places plate down
2.1.2. CU of inverted transformation plate with growth that is labeled 

2.2. Inoculate transformants in 5 ml of appropriate selective medium, such as SD-uracil, containing 2% sucrose, and incubate at 30°C overnight, with rotation.
2.2.1. MED/CU Talent inoculates 5 ml cultures with transformants

2.2.2. WIDE/MED Talent places tubes into rotating incubator and begins rotation; B need another version for the flask in 2.4.3
2.3. The following day, dilute the overnight culture in selective medium with 2% sucrose to a final volume of 33 ml so that the optical density at 600nm measures 0.3 (OD600 = 0.3). Grow in a shaking incubator at 30°C and 150 rpm.
2.3.1. MED/CU Talent adds selective medium to 33 ml
2.3.2. CU Talent places cuvette into spectrophotometer and takes reading - show OD600 on machine
2.4. When the culture has reached an OD600 of 0.8-1.5, induce expression of the desired protein by adding 17ml of 3x YEP with 6% galactose for a final concentration of 1x YEP with 2% galactose. Place in a shaking incubator at 30°C for an additional 5-6 hours.
2.4.1. (use 2.3.2 take 2) CU  Talent places second cuvette in machine and gets OD600 reading of 0.8-1.5

2.4.2. MED/CU Talent pipettes up 17 ml of 3X YEP from labeled container and adds to yeast culture

2.4.3. WIDE/MED Use 2.2.2B here Talent places a different flask into rotating incubator and begins rotation
2.5. After measuring the OD600 of the induced culture, centrifuge ~150-200 OD600 units of cells for 5 minutes at 5,000 rpm at 4°C.
2.5.1. WIDE/MED Talent places cells into centrifuge; B need another version for 2.7.1 below; C need another version for 3.4.1 below; D need a shot of talent removing tubes from centrifuge for 4.5.1 below


2.6. Then use 1ml of ice-cold 1x PBS with 1x protease inhibitor cocktail to resuspend the cell pellet and transfer it to a 2ml screw cap tube.
2.6.1. CU Talent pipettes up PBS with inhibitor cocktail from labeled tube and add to cell pellet and begins to resuspend and vortex
2.6.2. CU Talent places screw cap on tube of resuspended sample
2.7. Centrifuge the cells for 1 minute at 15,000 rpm and 4oC.  After decanting the supernatant, snap freeze the cell pellet in liquid nitrogen (TEXT: can be stored at 80oC until further use).
2.7.1. WIDE/MED Use 2.5.1B here
3. Homogenization of Yeast Cells and Extraction of Proteins
3.1. To the frozen cell pellet, add 200 ul of acid-washed glass beads and 500 ul of ice-cold Lysis Buffer (TEXT: refer to Table 1).
3.1.1. CU Talent adds beads and then ice cold lysis buffer to frozen pellet on ice
3.2. Keeping the tubes on ice at all times, use a pipette tip with the end cut off to briefly pipette up and down.
3.2.1. CU Talent holds tube on ice then brings pipette tip near tube with end cut off for camera, then places tip into tube and pipettes up and down
3.3. At 4oC, place the tubes of cells into the bead mill, balance, lock, and run the machine as per the manufacturer's instructions for 20 seconds at 5.5 m/s.  Then place the tubes on slushy ice for 1 minute.  Repeat a total of 6 times.
3.3.1. MED Talent places tubes into bead mill, then balances and locks machine
3.3.2. MED Talent runs machine 
3.3.3. MED/CU Talent places tubes on slushy ice 

3.4. To clear the extracted proteins, centrifuge for 15 minutes at 15,000 rpm at 4°C.  
3.4.1. WIDE/MED Use 2.5.1C 2.7.1 here
3.5. Then, to prepare a sample of the whole cell extract, or WCE, for Western blot, add WCE corresponding to 2 OD600 units of cells to 800 µl of 20% trichloroacetic acid, or TCA.  Vortex to mix (TEXT: keep on ice). 
3.5.1. MED/CU Talent pipettes up whole cell extract from tube then adds to 800 ul of TCA
3.5.2. MED Talent vortexes tube to mix; B need another version for 4.6.2 here; C need another CU version for 4.8.1 below
4. Batch Purification of Proteins from Yeast Cell Homogenates
4.1. To purify a sample of cleared WCE, add 50-100 ul of affinity resin to a new microcentrifuge tube. (TEXT: refer to text protocol for controls).

4.1.1. CU Talent pipettes up 50-100 ul of affinity resin and transfers to a new tube
4.2. Wash and equilibrate the resin by adding 1 ml of Wash Buffer and invert top-over-bottom until the resin is resuspended.   After spinning for 1 minute at 5,000 rpm and 4°C, aspirate the supernatant (TEXT: wash 5X).
4.2.1. CU Talent adds 1 ml of Wash Buffer to tube

4.2.2. CU Talent inverts top over bottom until resin is resuspended

4.2.3. CU Talent carefully opens tube after spin and aspirates supernatant
4.3. To bind protein for affinity purification, add 100-200 µl of cleared lysate (TEXT: ~20-40 OD​600 units) to the washed beads, and use Lysis Buffer to bring the total volume to 1 ml.
4.3.1. CU Talent pipettes up cleared lysate then adds to beads
4.3.2. CU Talent adds Lysis Buffer up to 1 ml
4.4. Incubate with nutation or rocking at 4°C for 2-5 hours. Use liquid nitrogen to snap freeze aliquots of the remaining cleared WCE and store at -80°C until further use. 
4.4.1.  MED Talent places sample on rocker/nutator
4.4.2. MED Talent places WCE samples into liquid nitrogen
4.4.3. WIDE Talent places samples in -80 freezer
4.5. While the lysate/bead solution is incubating, for the WCE Western blot sample on ice, after spinning for 2.5 minutes at 15,000 rpm at 4°C, decant the supernatant, taking care to retain the pellet.
4.5.1. WIDE/MED Use 2.5.1D 2.7.1 here

4.5.2. CU Talent decants supernatant

4.6. Add 800 µl of 2% TCA to the pellet and vortex the tube before repeating the 2.5 minute spin.  
4.6.1. CU Talent adds TCA from labeled container to pellet
4.6.2. MED Use 3.5.2B here
4.7. After carefully decanting the supernatant, add 100 µl of TCA Sample Buffer (TEXT: refer to Table 1) and vortex to dissolve the pellet before incubating the sample in a 100°C heat block for 2-5 minutes.
4.7.1. CU Talent adds 100 ul of TCA sample buffer to pellet
4.7.2. MED/CU Talent places sample into heat block set at 100°C
4.8. Vortex a second time to fully dissolve any remnants of the pellet, which can be difficult to dissolve, and store at -80°C until ready to use.
4.8.1. CU Use 3.5.2C here 
4.8.2. WIDE Use 3.5.2B here (4.4.3) Place @ -80°C 
4.9. Once the lysate/bead sample has incubated, after spinning at 5,000 rpm and 4oC for 1 minute, use Wash buffer to wash the resin five times.  
4.9.1. MED/CU Talent pipettes up Wash Buffer then adds to bead pellet
4.10. To elute the proteins, add 150 µl of Elution Buffer to the resin, nutate at 4oC for 5 min, spin for 1 minute at 5,000 rpm at 4oC, and save the supernatant in a new tube.
4.10.1. CU Talent pipettes up Elution buffer and adds to resin
4.10.2. SCREEN shot of sample on nutator, Editor, use a screen shot from 4.4.1 
4.10.3. SCREEN shot of talent placing tubes in centrifuge from 2.5.1C, Editor, bring this in to the right of 4.10.2 as a split screen, timed with the VO
4.10.4. CU Talent pipettes up supernatant and transfers to fresh tube
4.11. Finally, to prepare a sample for Western blot, add 25 ul of 2x lithium dodecyl sulfate sample buffer with 2 ul of BME to 25 ul of eluted protein sample. (TEXT: refer to text for SDS/PAGE and Western blot). 
4.11.1. MED/CU Talent adds sample buffer with BME to protein sample
5. Representative Yeast Extraction and Purification Results-(second to last section) 
5.1. As shown in this figure, a wide range of proteins can be reproducibly extracted from yeast cells. Discrete bands over a range of molecular weights are indicative of high quality protein extracts.
5.1.1. LAB MEDIA Figure 1A

5.2.  The quality of extracts can be confirmed by Western blotting for specific epitope-tagged proteins.  Here is a representative result for the galactose-overexpressed, V5-tagged SUMO ligase Siz1 which migrates at ~120kDa. Generally, partially degraded proteins would run as multiple fragments below the expected weight, but here only full length protein is observed.
5.2.1. LAB MEDIA Figure 1B
5.3. Additionally, high molecular weight adducts of a given protein may indicate post-translational modifications.  For example, here you can see galactose-overexpressed sumoylated Siz1∆440 and full length Siz1.  
5.3.1. LAB MEDIA Figure 1C and 1D
5.4. As demonstrated in this Western blot, modifications can also be preserved on endogenously expressed Siz1.
5.4.1. LAB MEDIA Figure 1E
5.5. This figure shows that two nuclear enriched proteins, Slx5 and Siz1∆440, were successfully purified from our WCEs.  Notably, a 6-HIS-tagged protein (Fig 2A; Slx5) can be affinity purified from WCEs both under native and denaturing conditions. 
5.5.1. LAB MEDIA Figure 2A-C, Editor, from the right, point out Six5 in Figure 2A with the VO, ‘a 6xHIS-tagged protein…’

5.6. In contrast, Slx5-GST (Fig. 2B) and Siz1∆440-HA (Fig. 2C) lack a 6-HIS epitope, but under native conditions still interact with the metal-affinity resin in an imidazole-sensitive manner.  We propose that Siz1, and to a lesser extent Slx5, are able to bind the metal-affinity resin via their metal-coordinating RING domain.  While, to our knowledge, this particular phenomenon has not yet been reported, a similar situation has been described in which cholera toxin B subunit binds Ni2+ affinity resin in a manner mediated by its natural histidine residues. This observation suggests that proteins in the WCE are, at least in part, natively folded.
5.6.1. LAB MEDIA Figure 2A-C, Editor, point out B and C with the VO ‘Six5-GST and Sizl∆440-HA..’
5.7. For the study of protein function it is important to show that protein complexes remain intact in whole cell extracts. Our representative data reveal that Siz1∆440, Slx5, and Pgk1, a cytosolic protein that serves as a loading control, were present in WCEs.  Siz1∆440 was purified from these extracts based on its inherent ability to bind to metal affinity resins (compare Fig. 2C).  In addition, when Slx5 and Siz1 were co-expressed in yeast cells, Slx5 levels in the eluates were increased, raising the possibility that Slx5 may interact with Siz1.
5.7.1. LAB MEDIA Figure 3, Editor, with the VO, ‘Six5 levels in the eluates were increased’, point out the column in the Eluate panels showing the two black bands in the middle beneath the two ‘+’ signs.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
6. Conclusion (said by authors on camera

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
6.1 Author name _Eva Szymanski: After watching this video, you should have a good understanding of how to grow and process yeast cells in order to extract, purify, and visualize yeast proteins under native conditions.
Provided Media

Authors, 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 .tiff files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

N/A
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.

( 2010, Journal of Visualized Experiments


