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Authors, please fill out the brief questionnaire below.   
A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ______N___ If yes, please list make and model of your microscope: ______________________________

**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  

Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ___N____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_Infection(2.2),Lysis (3),GST-Purification and preScission (4),Talon purification (5),Dialysis(8).

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _To avoid protein degradation throughout the protocol, we maintain the samples at 4( C. Moreover we ensure a fast procedure of the protocol.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to obtain a highly purified full-length protein of interest.  (Intro)
This is achieved by producing a recombinant baculovirus which is used to infect Sf9 insect cells in order to obtain a highly expressed and soluble two-tagged version of the protein of interest. (P1)
Editors, please show figure 1A as P1 is narrated.

A two-step affinity purification is then undertaken, characterized by purification of Glutathione Sepharose tagged protein followed by metal affinity chromatography.  The result of the purification is a highly pure Histidine tagged protein. (P2)  
Editors, please step through the flow-chart in figure 1B up to the image labeled “Purified protein.” 
Next, purified protein samples are dialyzed in order to guarantee low salt concentrations in the storage buffer. (P3)
Editors, for P3, please step through to the last illustration in the flow chart.

Results are obtained that show the expression, solubility, quantity and quality of the protein based on whole protein stain of an SDS-PAGE gel. (P4)
Editors, please show figure 3A and 3B here.

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. Please keep all layers in the file (i.e., do not flatten the file).   
Figure 1. Revised Flow chart_after JANA.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Ranjan: We first had the idea for this method, when we had trouble purifying large and unstable proteins, such as PALB2 and BRCA2.
1.1.1. MED:  Ranjan speaks toward camera, interview style

1.2. Jana:  The main advantage of this technique over existing methods, like one step affinity purification, is that in our two step affinity purification protocol, the protein obtained is highly pure and generally free from degradation products.  
1.2.1. MED:  Jana speaks toward camera, interview style

1.3. Joris: This method can help answer key questions in the protein biology field, such as biochemical functions of purified recombinant proteins.
1.3.1. MED:  Joris speaks toward camera, interview style
Protocol (read by voice talent at JoVE):

2. Recombinant protein expression and preparation of soluble cell lysate
2.1. This protocol begins with production of recombinant baculovirus followed by selection of the most efficient baculovirus as described in the text protocol.
2.1.1. Title Card
2.2. For infection, prepare a spinner culture vessel containing 0.75 to 1.0 times 10 to the 6 Sf9 cells in 500 mL of media with a ratio of 1 to 150 between virus and media.  Place the spinner under a cell culture hood.  Infect the cells by adding the necessary volume of baculovirus suspension into the cell suspension through one arm of the spinner.  
2.2.1. MED-over the shoulder:  Talent removes prepared spinner culture vessel from the incubator.

2.2.1.1. Added shot : CU : Showing the architecture and agitation system of the spinner in the incubator 
2.2.2. MED:  Talent places the spinner culture vessel under a cell culture hood.
2.2.3. CU:  Spinner in hood as talent adds the baculovirus suspension into the cell suspension through one arm of the spinner.
2.3. Let the infected cells grow in suspension at 27 °C and harvest the cells when the maximum protein expression is reached, which is determined when choosing the most efficient baculovirus.  
2.3.1. MED-over the shoulder:  Talent places the cells in the incubator at 27 °C.
2.4. After harvesting cells, lyse Sf9 cells expressing the protein of interest in approximately 20 mL of GST binding buffer supplemented with protease inhibitors.  In an ice water bath, dounce the solution 20 times with a dounce homogenizer.  Then sonicate for 3, 30 second cycles before douncing again 20 times. 
2.4.1. CU:  Culture tube and labeled container of GST binding buffer as talent pipettes 20 mL of GST binding buffer over the cells.  TEXT overlay:  see text for all buffer recipes.
2.4.2. MED-over the shoulder or MED:  Talent dounces the solution in an ice water bath.
2.4.3. CU:  Solution as talent sonicates it.
2.5. Next, centrifuge the cell lysate at 18,000 rpm for 30 minutes at 4 (C and keep the supernatant.
2.5.1. MED:  Talent places the cell lysate into the centrifuge and begins run.
3. GST affinity purification 

3.1. Incubate the soluble cell lysate with 1 mL of prewashed GST beads for 1 hour at 4 (C under gentle rotation.  The incubation time should be optimized according to the stability of the protein and binding efficiency. 
3.1.1. MED-over the shoulder:  Talent adds the lysate to the prewashed GST beads, places the tube onto the rotator and turns on.
3.1.2. CU or ECU:  Tube as it rotates on the rotator.
3.2. Following binding, quick spin at 700 rpm and remove supernatant containing unbound proteins.  Wash the GST-bound proteins with GST washing buffer.  Repeat this process two times.  After the last wash, remove as much supernatant as possible. 
3.2.1. MED/MED-over the shoulder:  Multiple takes as talent places the tube into the centrifuge and turns on.  Shot will be reused once.
3.2.2. CU or ECU:  Tube of beads as talent pipettes GST washing buffer over the beads.  
3.2.3. Shot 3.2.1 – talent places sample tube into centrifuge.  TEXT overlay:  repeat wash 2x
3.2.4. ECU:  Beads in sample tube as talent removes as move of the supernatant as possible.
3.3. Then, incubate the beads with 5 mM ATP and 15 mM magnesium chloride in 10 mL of GST binding buffer for 1 hour at 4 (C to avoid non-specific binding of heat-shock proteins.  Following incubation, wash the beads three times with GST washing buffer.
3.3.1. MED:  Talent places the sample tube onto the rotator at 4 (C.  
3.3.2. CU:  Sample tube and labeled container of GST washing buffer as talent pipettes the buffer into the tube.  TEXT overlay:  wash beads 3x
3.4. After centrifuging the GST beads and removing the supernatant, wash the GST beads with P5 buffer.
3.4.1. MED-over the shoulder:  Talent pipettes P5 buffer from a labeled container into the sample tube with the beads.
3.5. Next, divide the GST beads in fractions of 100 (l and add 4 to 8 units of PreScission enzyme diluted in 100 (l of P5 buffer.  Incubate the GST-beads with enzyme from 3 hours to overnight at 4 (C under gentle rotation.  The incubation time should be optimized according to the molecular weight as well as the stability of the protein. 
3.5.1. CU:  Rack of eppendorf tubes as talent divides the GST beads into fractions of 100 (l.
3.5.2. CU:  Same shot of rack of tubes as talent adds PreScission enzyme to tubes from a labeled container.
3.5.3. MED or MED-over the shoulder:  Talent places the eppendorf tubes onto the rotator and begins rotation at 4 degrees.
3.6. Following cleavage, quick spin and collect the supernatant.  Add 100 (l of P5  buffer to the beads.  Then repeat spin and supernatant collection twice.  Pool all the fractions.
3.6.1. MED/MED-over the shoulder:  Multiple takes as talent removes an eppendorf tube from the centrifuge and collects the supernatant.  Shot will be reused once.  
3.6.2. CU:  Sample tube and labeled container of P5 buffer as talent pipettes 100 (l of P5  buffer to the beads 
3.6.3. Shot 3.6.1 – talent takes tube out of centrifuge and collects supernatant.  TEXT overlay:  repeat 2x
3.6.4. CU:  Labeled sample tube of pooled fractions as talent pipettes more sample into it.
4. TALON metal affinity purification

4.1. Divide the eluate into 3 fractions of 1 mL and incubate each with 100 (l of prewashed Talon metal affinity resin dry beads for 1 hour under rotation.  Dividing the elution into several fractions increases binding and washing efficiency.
4.1.1. MED-over the shoulder:  Talent combines Talon metal affinity resin dry beads to each of the 3 fractions of 1 mL eluate.
4.1.2. CU:  3 sample tubes of eluate and Talon beads as they rotate at 4ºC.
4.2. Then, wash the resin for 5 minutes with P30 buffer at 4ºC with gentle rotation.  After repeating the wash two times, pool the beads in a single tube.  
4.2.1. MED-over the shoulder:  Talent pipettes P30 buffer from a labeled container over the beads.  TEXT overlay:  wash 3x for 5 min at 4ºC
4.2.2. CU:  Labeled sample tube as talent pools the beads into a single tube. 
4.3. To elute the purified protein, add P500 buffer to the protein bound TALON resin at a buffer to bead ratio of 1 to 1 volume-volume.  Incubate the suspension for 5 minutes under rotation.  Repeat this step twice, keeping each eluted fraction separate. 
4.3.1. MED or MED-over the shoulder:  Talent pipettes P500 buffer from a labeled container over the beads.
4.3.2. CU:  Rotator as talent secures sample tube containing suspension and turns rotator on.  TEXT overlay (as the last sentence is narrated):  Repeat elution 2x 
4.4. (The step described by the following text is coming after the dialysis. The gel loading shot is the one of the analytic gel allowing to check the purification process - figure 3) Analyze the purification process by loading approximately 20 to 40 (l of each fraction onto an SDS-PAGE gel.  After running the gel, stain with Coomassie blue or SYPRO protein stain for visualization.
4.4.1. MED-over the shoulder:  Talent loads the gel wells. [Author’s note: This section  (4.4, 4.4.1, 4.4.2) goes at the end.]
4.4.2. CU:  Labeled container of stain as talent places the gel into it.
4.5. For storage of the purified protein, dialyze the protein against an appropriate storage buffer two times for 1 hour at 4°C, under agitation.  It is important to check for precipitation of the purified protein during the dialysis.  
4.5.1. MED-over the shoulder:  Talent places the dialysis membrane holding purified protein into the dialysis buffer.
4.5.2. CU:  Sample in dialysis buffer as it is agitated.  TEXT overlay:  dialyze 2x 1hr at 4°C
4.5.3. MED:  Talent lifts of the sample from the dialysis buffer and inspects for precipitation.
4.6. Make small aliquots of the purified protein and freeze on dry ice for 30 minutes.  Store the aliquots at -80 (C and avoid many thaw/freezing cycles.
4.6.1. MED or MED-over the shoulder:  Talent places tubes containing small aliquots of purified protein onto dry ice.
4.6.2. MED or WIDE:  Talent places the samples into the -80 (C freezer.
4.4. Analyze the purification process by loading approximately 20 to 40 (l of each fraction onto an SDS-PAGE gel.  After running the gel, stain with Coomassie blue or SYPRO protein stain for visualization.
4.4.1.  MED-over the shoulder:  Talent loads the gel wells. (The gel loading shot is the one of the analytic gel allowing to check the purification process - figure 3))
4.4.2.  CU:  Labeled container of stain as talent places the gel into it.
5. Results: Analysis of GST-His purification
5.1. The soluble and total cell lysates from SF9 cells infected with the Rec14 recombinant baculovirus, or mock-infected as control, were analyzed by Coomassie blue staining, allowing confirmation of the expression of GST-Rec14-His protein.

5.1.1. LAB MEDIA:  Figure 3A.  Editors, please highlight the 2 Rec14 labels as “R14 recombinant baculovirus” is narrated.  Then highlight the 2 control labels as “mock-infected as control” is narrated.  Finally highlight the band on each of the Rec14 lanes that is labeled GST-Rec14-His as “confirmation of the expression…” is narrated. 

5.2. During the purification process, many samples were analyzed to follow the efficiency of the method.  Analysis of these samples by Coomassie blue staining shows that during the first step of purification, GST-Rec14 was correctly bound to GST beads, with an apparent molecular weight of approximately 50 kDa due to the fusion of Rec14 with GST. 
5.2.1. LAB MEDIA:  Figure 3B.  Editors, as the last sentence is narrated, please zoom into lane 1 and highlight the band labeled GST-Rec14-His. 
5.3. After PreScission cleavage of the GST, GST-free Rec14-His migrates around 37 kDa while the cleaved GST can be visualized on the GST beads. 
5.3.1. LAB MEDIA:  Figure 3B.  Editors, as “GST-free Rec14-His migrates around 37 kDa” is narrated, please slide over to lane 2 and highlight the band at about 37kDa labeled Rec14-His.  As “while the cleaved GST can be visualized on the GST beads” is narrated, please slide over to lane 3 and highlight the band at about 25 kDa.
5.4. Despite a portion of GST-free Rec14 that still remained bound to GST beads, notable enrichment in Rec14-His was achieved.  This step could be improved by increasing the incubation time of the protein with PreScission protease.  

5.4.1. LAB MEDIA:  Figure 3B.  Editors, please zoom out a little to simultaneously show lanes 2 and 3.  Then highlight the band at about 37 kDa in lane 3 as “despite a portion of GST-free Rec14 that still remained bound to GST beads” is narrated.  Finally, highlight the band at about 37 kDa in lane 2 as “notable enrichment in Rec 14-His was achieved” is narrated.  
5.5. Analysis of Rec14-His bound to TALON beads compared to the proteins eluted after the GST purification step, shows that a large fraction of Rec14-His is bound to TALON beads.  After several washes, Rec14-His was eluted and collected. 
5.5.1. LAB MEDIA:  Figure 3B.  Editors, please zoom out a little to simultaneously show lanes 2 and 4.  Highlight the band in lane 4 as “analysis of Rec14-His bound to TALON beads” is narrated.  Then highlight band in lane 2 as “proteins eluted after GST purification step.”  
5.6. Three elutions were performed.  The analysis revealed a high purity of Rec14-His, and the greatest concentration of Rec14-His in the first elution.  Comparison of eluted fractions to the TALON beads after elution illustrates the efficiency of the elution, since little Rec14-His can be detected as bound on beads. 
5.6.1. LAB MEDIA:  Figure 3B.  Editors, please slide over to lanes 5-8.  During the 2nd sentence, highlight lanes 5-7.  Then highlight lane 8 at “the TALON beads after elution….”
5.7. These samples were also subjected to western blot analysis with anti-GST and anti-His antibodies in order to follow Rec14 throughout the procedure.

5.7.1. LAB MEDIA:  Figure 3C 
5.8. The anti-GST blot shows that some GST-Rec14 and GST alone were present in the eluted proteins from the GST purification step, and that contaminants were removed by the His-tag affinity purification step.  This blot reveals that GST had been efficiently removed from Rec14 by the PreScission treatment and the His-tag purification step.
5.8.1. LAB MEDIA:  Figure 3C.  Editors, please zoom into lane 2 and highlight the 2 bands as the first half of the 1st sentence is narrated.  Then zoom back out to the full left blot.  During the last sentence, highlight lanes 4-8.
5.9. The anti-His blot aims to detect Rec14.  This blot confirms that GST-Rec14-His and Rec14-His were not completely cleaved and removed from the GST beads. 
5.9.1. LAB MEDIA:  Figure 3C.  Editors, please slide over to the right blot.  Then, sequentially highlight the top and then bottom band in lane 11 as narrated in the 2nd sentence.
5.10. Moreover, at a high concentration, Rec14 seems to aggregate.  In summary, the results presented demonstrate the efficiency of the GST-His purification for the purification of S. pombe Rec14.
5.10.1. LAB MEDIA:  Figure 3C.  Editors, staying on the right blot, please highlight lane 13 as the first sentence is narrated.  As the final sentence is narrated, please zoom back out to the full figure. 

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/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)
6.1. Ranjan:  After watching this video, you should have a good understanding of how to recover a highly purified full-length recombinant protein.
6.1.1. MED:  Ranjan speaks toward camera, interview style 
6.2. Jana: Once mastered, this technique can be done in 12 hours after the generation of soluble lysate if it is performed properly.
6.2.1. MED:  Jana speaks toward camera, interview style.
6.3. Joris:  While attempting this procedure, it’s important to remember to work quickly and strictly at 4 °C to avoid protein degradation.
6.3.1. MED:  Joris speaks toward camera, interview style.

6.4. Jym:  Following this procedure, other methods such as co-immunoprecipitation assays  or mass spectrometry analysis can be performed in order to answer additional questions such as the  identification of protein partners or post-translational modifications  of the protein of interest. Although we used this method for DNA repair proteins , the strategy could be modified to study the function of proteins in other areas of research. 

6.4.1. MED:  Jym speaks toward camera.
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, Illustrator, Powerpoint or Photoshop 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.  

Insert your media filenames here.

Figure 1

Figure 3A – Authors, please provide figure 3A as a separate figure.

Figure 3B – Authors, please provide figure 3B as a separate figure.

Figure 3C – Authors, please provide figure 3C as a separate figure.

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.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


