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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) _____N___ If yes, please list make and model of your microscope: _______________________ and specify the steps by number/short description: _________________ 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__2.2-2.3, 2.7, 2.10, 2.13-2.16, 3.6-3.7, 3.13__

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Avoiding blockage of the filter plate and overdrying of the resin can be a difficult aspect of this procedure. However, if all the cultures are thoroughly lysed there should be no blocking of the filter plate and all the cultures should pass through the filter at relatively the same speed. If there are problems with some samples running much faster than others, the vacuum pressure can be adjusted so that the resin does not completely dry out while the other samples are still running.
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 assess the production of soluble proteins using an automated liquid handling robot for high throughput expression screening from small-scale E. coli cultures. (Intro)
This is accomplished by first inoculating 96-well precultures from cells transformed with plasmids encoding target fusions and growing them overnight. (P1)
The second step is to make the expression cultures by inoculating autoinducing medium in 24-well format from the overnight precultures. Again, the cultures are grown overnight to allow protein production, before harvesting and freezing the following morning. (P2)
Next, the frozen cell pellets are lysed and the soluble proteins are purified by immobilized metal affinity chromatography in 96-well format. (P3)

Ultimately, high throughput electrophoresis is used to show the solubility levels for each intact target fusion so that useful expression conditions can be selected for successful targets. (P4)






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).   
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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.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Renaud Vincentelli: The main advantage of this technique over traditional methods, is the increased efficiency, limited batch-to-batch variation and the simplicity of tracking and handling samples.   
1.2. Author name ________: This method can help answer key questions in the _________ field, such as _________________.  

1.3. Author name _________: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  

1.4. Author name ________: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author name _______: Generally, individuals new to this method will struggle because ______________.

1.6.  Author name ________: I/We first had the idea for this method, when I/we ___________.

1.7. Author name Natalie Saez: Visual demonstration of this method is critical as the automated steps can seem daunting and difficult to comprehend in text format alone, because the text does not convey the simplicity or speediness of the procedure.   
1.8. **Author name ________: Demonstrating the procedure will be ________ a _______ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Interview style: Author saying the above 

1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
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. Transformation and test expression
2.1. After transformation of the bacteria, the test expression of the target proteins begins by using the robotic gripper (Authors: do you say “robotic manipulator” or “roh-mah” in a presentation?)
 to set aside the lid of the first 24-well LB agar plate for the duration of the plating. 

2.2. Next, use the 8-channel liquid handling arm (Authors: do you say “liquid hanling” or “lee-hah” in a presentation?)
 to mix then aspirate 50 (l of transformation mix from the 96-well transformation plate. 
2.3. Then, dispense the transformation mix within the first 4 channels of the liquid handling arm into the first column of the LB agar plate and the transformations within the last 4 channels into the second column of the LB agar plate.

2.3.1. LAB MEDIA: Authors: Please provide Figure 5 as its own .ai, .psd, or .tif file
2.3.2. Figure5.tiff - Schematic for transferring from a single 96-well plate into four 24-well plates.
2.4. Wash all the tips thoroughly after dispensing and then continue transferring the transformation mix from the 96-well plate into all of the wells in the next four columns of the LB agar plate until that plate is finished. 
2.5. Once the first plate has been completed, replace the lid and remove the lid from the next plate. Continue until all transformations have been plated.
2.6. Once all of the plates are finished, set the Plate Shakers (Authors: how do you pronounce “Te-Shake” – “Tee-shake”? “Tay-shake”? Other?) 
to 1200 rpm and shake all of the plates for one minute to generate a homogenous distribution of the transformation mix.

2.7. Next use the 96-multichannel arm (Authors: do you say “M-C-A-ninety-six”?
) to mix then aspirate 60 (l of the remaining transformation mix from the 96-well plate and dispense the mix into the DW96 (Authors: do you say “D-W-ninety-six”?) 
containing LB broth.

2.8. Seal the DW96 pre-cultures with breathable adhesive film to allow culture aeration and then place the plate in a 37°C shaking incubator at maximum speed overnight (TEXT: e.g., 200/800 rpm depending on shaker orbital).

2.9. Dry the LB agar plates in a hood with their lids off for about 10 minutes. Then invert them in the 37°C plate incubator and leave them overnight. 

2.10. The next day, the plates can be stored refrigerated as a back up. For the test expression, use the liquid handling arm to aspirate 100 (l of pre-culture to inoculate the cultures at a 1/40 dilution using the same scheme as before, washing the liquid handling arm thoroughly at the wash station between each column of the pre-cultures.
2.10.1. LAB MEDIA: Figure 5
Figure5.tiff - Schematic for transferring from a single 96-well plate into four 24-well plates.
2.11. When the inoculation is finished, seal the DW24
 plates with breathable film and incubate them at 37°C with shaking (TEXT: e.g., 200/400 rpm depending on shaker orbital).

2.12. 
2.13. After 4 hours, reduce the temperature to 17°C and leave overnight. 
2.14. The following morning, centrifuge the DW24 plates for 10 minutes at 3800 x g (Authors: at what temp? RT?). 
Discard the supernatant into a waste container containing antimicrobial agent and then tap the plates upside-down onto absorbent paper to remove any excess medium.

2.15. Place the plates onto the worktable, and then, using the 96-multichannel arm and 200 (l tips, aspirate 125 (l of lysis buffer and dispense the buffer into each well of the DW24 plates until a final volume of 1 ml is reached. 
2.16. After dispensing the buffer, shake the plates at 200 rpm with the Plate Shakers for 15 minutes to resuspend the pellets. 
2.17. Then, after transferring the cell suspensions back to the appropriate wells of a DW96 plate, seal the plate with plastic film and store the plates at -80 °C for a minimum of 1 hour (TEXT: Long-term freeze at -20 °C). 

3. Purification and Analysis
3.1. For purification of the target fusion proteins, first thaw the DW96 plate in a water bath for approximately 15 minutes. Then resuspend the cell suspensions in the shaking incubator for an additional 10 minutes. The cultures should become viscous.
3.2. Next, use a manual 8-channel pipette or the robot Liquid handling arm (Authors: will you demonstrate using an 8 channel pipette or demonstrate using the robot LiHa in the video? We can reference both tools in the text only portion of the paper but show only one in the video) 
 to dispense DNase and magnesium sulfate into each well of the DW96 plate to a final concentration of 10 (g/ml and 20 mM, respectively. 

3.3. Re-seal the plate with plastic tape and shake it for a further 15 minutes, at which time the cultures should become non-viscous. [Check carefully (by visual examination) that all the cultures are no longer viscous.]
3.4. Then, use 200 (l wide bore tips to thoroughly mix the resin slurry before aspirating and dispensing 200 (l of the slurry into the DW96 plate containing the lysate. 

3.5. Incubate the DW96 plate at room temperature with shaking using the Plate-Shakers at 1400 rpm for 10 minutes to allow binding. 

3.6. Using wide bore tips, aspirate the full 1200 (l of resin:lysate slurry in 200 (l aliquots, mixing before each aspiration, and dispense onto the filter plate. 
3.7. Now turn the vacuum on for approximately 30 seconds to filter the lysate through the plate, taking care not to dry out the resin, collecting the flow-through in the DW96 below. 
3.8. Then wash the resin twice with 800 (l of binding buffer each time, and apply the vacuum after each wash until the buffer has passed through.

3.9. After the second wash, use the Robotic gripper to place a fresh DW96 plate under the filter plate to collect the 50 mM imidazole wash.

3.10. Add 150 (l of wash buffer onto the filter plate and apply the vacuum again until the buffer has passed through. 
3.11. Wash the resin two more times with 800 (l of wash buffer, applying the vacuum after each wash until the buffer has passed through. 

3.12. After the second wash, use the Robotic Gripper to transfer the microplate onto the worktable, and put the SPE block and filter plate back on top to collect the elution.

3.13. Then add 190 (l of elution buffer to the resin in the filter plate. After 3 minutes, apply the vacuum until all of the buffer has passed through. 

3.14. Finally, take samples of the flow-through, wash and elution for experimental analyses (TEXT: e.g., SDS-PAGE, dot blot, or HTP electrophoresis).

4. Results: Representative expression screen of 96 disulfide-rich venom proteins
4.1. Here representative results are shown for the expression screening of 96 disulfide-rich venom proteins from the European VENOMICS Project pipeline. 
4.1.1. LAB MEDIA: Figure6.pdf 

Figure6.tiff - Representative results full
4.2. These data illustrate the electrophoresis result from the Caliper LabChip system, showing the fusion before cleavage as well as the scoring system based on the extrapolation to yield in mg/l culture of the fusion protein in levels of 0.1 to 2 mg/l culture, 2 to 10 mg/l culture, 10 to 25 mg/l culture and not detected. Note that in this experiment the DsbC (Authors: do you say “D-S-B-C”?)
 tag alone was normally observed at around 32 kDa, rather than at 27 kDa as expected. 
4.2.1. LAB MEDIA: Authors: please provide Figure 6A as its own individual .ai, .tif, or .psd file
51464_RVincentelli_Figure1.tiff - representative results 6A: HTP electrophoresis results

4.3. Similarly, the DsbC fusions also ran around 5 kDa higher than expected. For a lot of the targets not only is the intact fusion seen (upper band), but also the fusion partner alone (lower band). For some of these targets, optimizing the culture conditions could improve the ratio of the intact fusion (upper band) compared to DsbC alone allowing an increase of the final yield. 
4.3.1. LAB MEDIA: Figure6A
51464_RVincentelli_Figure1.tiff - representative results 6A: HTP electrophoresis results
4.4. The scoring is based only on the level of intact fusion. Only 16 out of 96 proteins could not be detected at the fusion level. This corresponds to an overall success rate of 83%. Of the 80 proteins that could be detected, 45 of these were detected at levels greater than 2 mg/l culture. Depending on the target and fusion, protein yields are usually in the range of 2–100 mg/l culture.
4.4.1. LAB MEDIA: Figure6A 
5. 51464_RVincentelli_Figure1.tiff - representative results 6A: HTP electrophoresis results
5.1. An analysis of the success by the number of disulfide bonds present shows reasonable success for all numbers of disulfide bonds tested, with the lowest success level being 66% for targets containing 6 disulfide bonds. 
5.1.1. LAB MEDIA: Authors: please provide Figure 6B as its own individual .ai, .tif, or .psd file
51464_RVincentelli_Figure2.tiff - representative results 6B: Success by number of disulfide bonds
5.2. An analysis of the distribution of expression success based on the isoelectric point and number of residues indicates no particular bias for the technique, with both successfully expressed targets and targets that were not detected scattered throughout the plot. 
5.2.1. LAB MEDIA: Authors: please provide Figure 6C as its own individual .ai, .tif, or .psd file
51464_RVincentelli_Figure3.tiff - representative results 6C: Distribution of success by isoelectric point and number of residues
5.3. Once the fusions have been detected and cleaved, the purified targets undergo quality control by electrospray ionization mass spectrometry. Here an example is shown for a single target, before and after reduction of the sample with DTT (TEXT: Dithiothreitol). Normally, such an exhaustive mass spectrometry analysis would not need to be performed, as a reduced sample would not need to be analyzed. However, for the purposes of thorough demonstration both results are shown. 
5.3.1. LAB MEDIA: Authors: please provide Figure 6D as its own individual .ai, .tif, or .psd file
51464_RVincentelli_Figure4.tiff - representative results 6D: Mass spectrometry example
5.4. The target shown is a 5.7 kDa disulfide-rich venom protein with 4 disulfide bonds. This spectrum (left) shows the results for the protein prior to reduction with DTT, as it was after cleavage and desalting without further intervention. 
5.4.1. LAB MEDIA: Figure6D
51464_RVincentelli_Figure4.tiff - representative results 6D: Mass spectrometry example
5.5. This spectrum (right) shows the protein after reduction with DTT followed by desalting to remove any excess DTT. The ions corresponding to the experimental masses are indicated by the arrows and the designation for each ion is indicated in green. The experimental parent masses calculated for these ions are shown in the table. 
5.5.1. LAB MEDIA: Figure6D

51464_RVincentelli_Figure4.tiff - representative results 6D: Mass spectrometry example
5.6. The masses, 5709.6 Da for the sample prior to reduction and 5717.6 Da for the reduced sample, exhibit a mass difference of 8 Da. A mass difference of 2 Da corresponds to the presence of 1 oxidized disulfide bond, therefore a mass difference of 8 Da indicates the presence of 4 disulfide bonds, as expected, in the non-reduced sample. 
5.6.1. LAB MEDIA: Figure6D
51464_RVincentelli_Figure4.tiff - representative results 6D: Mass spectrometry example
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)
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. You may revise the given prompts if necessary to better fit your protocol.
6.1. Author name Renaud Vincentelli: Once set up, this protocol can be done from the transformation to the analysis of results on more than a thousand cultures within a week, 
6.2. 
6.3. Author name ________: While attempting this procedure, it’s important to remember to ___________.

6.4. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

6.5. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

6.6. Author name Natalie Saez: After watching this video, you should have a good understanding of how to use small scale E. coli cultures to identify successful conditions for soluble protein production using high throughput methods. (restate overall goal of the procedure mention specific steps).

6.7. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   

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.  

2.3 and 2.10 – Figure5.tiff - Schematic for transferring from a single 96-well plate into four 24-well plates.
4.1 – Figure6.tiff - Representative results full
4.2, 4.3 and 4.4 – 51464_RVincentelli_Figure1.tiff - representative results 6A: HTP electrophoresis results
4.5 – 51464_RVincentelli_Figure2.tiff - representative results 6B: Success by number of disulfide bonds
4.6 – 51464_RVincentelli_Figure3.tiff - representative results 6C: Distribution of success by isoelectric point and number of residues
4.7, 4.8, 4.9 and 4.10 – 51464_RVincentelli_Figure4.tiff - representative results 6D: Mass spectrometry example
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.
�We usually say"Roma" but that's too specific to the trademark Tecan, We would change this to "robotic gripper" as it explains more the function and is not attached to any trademark of robots.


�We usually say"LiHa" but that's too specific to the trademark Tecan, We would change this to "liquid handling arm" as it explains more the function and is not attached to any trademark of robots.





�We usually say"TeeShake" but that's too specific to the trademark Tecan, We would change this to "plate shakers" as it explains more the function and is not attached to any trademark of robots.





�“ninety-six multichannel arm"


�“Deep well ninety-six”


�“deep well twenty-four”


�The centrifuge temperature is irrelevant, both 4°C or RT would give the same results.


�we will use an 8-channel pipette.


�yes
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