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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (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 over-drying 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):

Procedural Narrative:
The overall goal of the following procedure is to use a high throughput expression screening protocol to quantify the level of soluble protein produced in E. coli using an automated liquid handling robot (Intro) This is accomplished by first inoculating 96-well pre-cultures with cells transformed with plasmids encoding the target fusion proteins. (P1) The next day, 24-well plates filled with auto-induction media are inoculated with the overnight pre-cultures to generate expression cultures. (P2) After harvest and freezing, soluble proteins from the expression cultures are then purified by immobilized metal affinity chromatography. (P3) Ultimately, the solubility levels for each intact target fusion can be measured to determine the optimal expression conditions for protein production and the generation of successful targets. (P4)
From 51464_NSaez_schematic_overview_new (1).pptx

(P1) from (P1), show white 96 well plate, then magnify contents of one well to show plasmid and grey “cell” and target gene illustration; have plasmid move into cell, turning rectangle yellow and then shrink down into well of plate with square yellow wells
(P2) from (P2), show three four 24 well plates, then have yellow 96 well plate appear, magnify contents of one well (show magnified 24 well contents of (P2)) and then have contents transfer and shrink down into one well of 24 well plate
(P3) from (P3), show high throughput assay on left; then show magnification at top of high throughput assay and have it shrink down and enter top of at least one column, then have drops come out; then have arrow stretch from column and bring magnification over 96 well plate to 96 well plate and have it shrink down and enter one well

(P4) 51464_RVincentelli_Figure1.tiff OR Figure6.tiff
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Renaud Vincentelli: The main advantages of this technique over traditional methods are the increased efficiency, limited batch-to-batch variation and the simplicity of the tracking and handling of the samples.   (MVI_3271 – 00:14-00:23)
1.2. Natalie Saez: Visual demonstration of this method is critical. The automated steps can seem daunting and difficult to comprehend in text format alone, as the text does not convey the simplicity or speediness of the procedure.   (MVI_3274 – 00:13-00:26).
Protocol (read by voice talent at JoVE):
2. Target protein test expression
2.1. After transformation of the bacteria, begin by using the robotic gripper to set aside the lid of the first 24-well LB agar plate. Next, use the 8-channel liquid handling arm to mix then aspirate 50 (l of transformation mix from a 96-well transformation plate. 
2.1.1. WIDE: Few seconds robotic gripper picking up then moving lid away from 24 well plate (MVI_3182 – 00:13-00:27)
2.1.2. MED: Few seconds liquid handling harm mixing transformation mix and dispensing on agar plates (MVI_3182 – 00:32-00:47 & MVI_3184 – 00:18-00:34)
2.1.3. CU: Few seconds transformation mix being aspirateddispensed on agar plates (MVI_3182 – 00:49-01:00 & MVI_3184 – 00:34-00:45 & MVI_3185 – 00:24-00:32)
2.2. 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.

2.2.1. LAB MEDIA: Figure5.tiff (Video Editor: If possible, light up wells 1-4 in left most 24 well plate with one color, and then move wells from 24 well plate into/light up wells 1-4 in 96 well plate; then light up wells 5-8 from left most 24 well plate with a new color and then move wells from 24 well plate into/light up wells 4-7 in 96 well plate)
2.3. 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. 

2.3.1. MED: Few seconds tips being washed (MVI_3186 – 00:13-00:31)
2.3.2. MED: Few seconds transformation mix being transferred from 24 96  well plate into 96 24 well LB agar plate. well plate (MVI_3187 – 00:45-01:10)
2.4. Once the transfer to the first plate has been completed, replace the lid and begin the transfer for the next plate.

2.4.1. MED: Lid being placed onto plate. (MVI_3188 – 00:43-00:51) 
2.4.2. CU: Lid being removed from next well plate (TEXT: Repeat for all transformations) (MVI_3189 – 00:08-00:12)
2.5. Once all of the transformations have been plated, shake all of the plates for one minute at 1200 rpm to generate a homogenous distribution of the transformation mix.
2.5.1. CU: Few seconds plates shaking (MVI_3190 – a few seconds). 
2.6. Then, after mixing, use the 96-multichannel arm to aspirate 60 (l of the remaining transformation mix from the 96-well plate and dispense the mix into a deep well 96 plate containing LB broth.
2.6.0 Added shot: CU: tips mounting (MVI_3191 – 00:07-00:11)
2.6.1. CU: Few seconds transformation being mixed and aspirated and mixed then dispensed. (MVI_3197 – 00:08-00:26)
2.6.2. CU: Few seconds mix being dispensed to DW96. 
2.7. Seal the deep well 96 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. 
2.7.1. MED: Talent sealingDW96 with adhesive film and placing the plate in shaking incubator
(MVI_3202 – 00:04 (or 00:10)-00:25) ) (Video Editor: If possible, please insert a clock or other animation to show the passing of time)
2.7.2. MED: Talent placing plate in shaking incubator  
2.8. The next morning, dOnce the pre-cultures are in the incubator, dry the LB agar plates in a hood with their lids off for about 10 minutes. Then invert the plates in a 37°C plate incubator overnight. 
2.8.1. MED: Talent placing plates without lidstaking lid off plate in hood (MVI_3204 – 00:07-00:13)
2.8.2. MED: Talent inverting at least one plate and placing it in the incubator. (MVI_3206 – 00:07-00:26 & MVI_3208 – 00:06-00:23)
2.9. The next day, use the liquid handling arm to aspirate 100 (l of the overnight pre-culture in deep well 96 to inoculate the expression 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.
2.9.1. CU: Few seconds pre-culture being aspirated then a few seconds of the culture being dispensed. (MVI_3209 – 00:28-00:48)
2.9.2. CU: Few seconds liquid handling arm being washed 
2.10. When the inoculation is finished, place the expression cultures in a 37°C shaking incubator, sealed with breathable adhesive, for 4 hours. Then reduce the temperature to 17°C for an overnight incubation.

2.10.1. CU: Few seconds plate(s) shaking (MVI_3210 – 00:01-00:11)
2.10.2. CUMED: Shot of temp at 17°C/being turned down to 17°C (MVI_3211 – 000:06-00:22)
2.10.3. Additional shot: Shot of temp at 17°C (MVI_3222 – 00:11-00:21)(Video Editor: If possible, please insert a clock or other animation to show the passing of time)
2.11. The following morning, centrifuge the deep well 24 plates for 10 minutes at 3000 x g. Discard the supernatant into a waste container containing an antimicrobial agent, and then tap the plates upside-down onto absorbent paper to remove any residual medium. To verify that the cultures have grown correctly, check that for the presence of pellets in the deep well.
2.11.1. MED: Talent placing plate(s) into centrifuge. (MVI_3212 – 00:08-00:22) Additional shot: CU of display with speed, time, temperature (MVI_3212 – 00:45-00:52) .
2.11.2. MED: Talent discarding supernatant into waste container and tapping the plates on absorbent paper (MVI_3213 – 00:03-00:19)
2.11.3. CU: Few seconds one the 4 plates being tapped onto absorbent paper. Talent looking at the pellets of one plate (MVI_3213 – 00:39-00:43)
2.11.4. Additional shot: CU: Show pellet. (MVI_3214 – 00:12-00:15)
2.12. Next aspirate 125 (l of lysis buffer and dispense twice the buffer into each well of the deep well 24 plates, with 4 tips into each well, to reach the final volume of 1 ml lysis buffer. 
2.12.1. MED: Few seconds of the tips being picked up and then lysis buffer being aspirated  (MVI_3216 – 00:12-00:26)
2.12.2. MED: Buffer being dispensed. (MVI_3216 – 00:26-00:34)
2.12.3. CU: If possible, shot of plate with one row of 1 ml of buffer in each well. (MVI_3216 – 03:25-03:33)
2.13. To resuspend the pellets, sShake the plates at 1200 rpm for 15 5 minutes on the robot. to resuspend the pellets and then, after tTransferring the cell suspensions back to the appropriate wells of a deep well 96 plate, and store the plates, sealed, at -80 °C for a minimum of 1 hour. 
2.13.1. MED: Talent placing plate(s) onto shaker Few seconds plate(s) shaking to resuspend pellet (3217), simulate 5 minutes shaking by filming start/stop of shaking. (TEXT: alternatively shake 15 minutes at 200 or 400 rpm in the incubator) (MVI_3217 – 00:16-00:22, then MVI_3217 – 00:55-00:59) (Video Editor: If possible, please insert a clock or other animation to show the passing of 5 minutes)
2.13.2. CUMED: Few seconds cell suspension being added to DW96 plate  (MVI_3220 – 00:38-01:05)
2.13.3. Talent placing plate(s) at -80°C (TEXT: Long-term freeze at -20 °C).(MVI_3239 – 00:05-00:26)
2.13.4. Additional shot: CU: -80°C display  (MVI_3235 – 00:00-00:05)
3. Purification and Analysis
3.1. For this demonstration we will use the protocol with 50 microliters of nickel beads. For purification of the target fusion proteins, first thaw the deep well 96 plate in a water bath for approximately 15 minutes. Then resuspend the cell lysates in the shaking incubator at maximum speed for an additional 10 minutes. The cultures should become viscous.
3.1.1. WIDE: Talent placing plate in water bath (MVI_3226 – 00:11-00:22)
3.1.2. MED: Talent placing cell suspension(s) in shaking incubator (MVI_3232 – 00:09-00:39)
3.1.3. CU: Shot of viscous culture (MVI_3228 – 00:13-00:28)
3.2. Next, use a manual 8-channel pipette to dispense DNase (pronounce ‘D’-‘N’-ase, where ‘ase’ rhymes with ‘phase’) and magnesium sulfate mix into each well of the deep well 96 plate to a final concentration of 10 (g/ml and 20 mM, respectively. 
3.2.1. MED: Few seconds Talent dispensing DNase and magnesium sulfate mix into all plate with multipipetteat least one well, with DNase/ magnesium sulfate container with visible label in frame (MVI_3230 – 00:02-00:15
) 
3.2.2. CU: Few seconds magnesium sulfate being dispensed into at least one well, with magnesium sulfate container with visible label in frame

3.3. Shake the plate, sealed, for another 15 minutes, at which time the cultures should become non-viscous. To avoid clogging of the filter plate during the purification, it is critical to carefully visually check that none of the lysates are viscous anymore.
3.3.1. CU: Few seconds plate shaking (MVI_3233 – 00:10-00:15)
3.3.2. MEDCU: Talent looking atpipetting non-viscous culture (MVI_3242 – 00:08-00:22)
3.4. On the liquid handling robotThen, use 200 (l wide bore tips to thoroughly mix the resin slurry before transferring 200 (l of the slurry into the deep well 96 plate containing the lysate. 
3.4.1. CU: Few seconds resin slurry being thoroughly mixed with 200 (l wide bore tips (MVI_3243 – 00:09-00:19 or MVI_3244 – 00:42-00:52)
3.4.2. CU: Slurry being dispensed into DW96  (MVI_3247 – 00:01-00:10).
3.5. Shake the deep well 96 plate at 1400 rpm and room temperature for 10 minutes to allow binding, and then use the wide bore tips to mix and then transfer the full 1200 (l of resin:lysate slurry in 200 (l aliquots onto the filter plate. 
3.5.1. MED: Talent placing plate onto shaker CU: Plate shaking on the robot shaker (MVI_3247 – 00:16-00:26),
3.5.2. CU: Few seconds resin:lysate being mixed and aspirated.(MVI_3248 – 00:06-00:22)
3.5.3. Additional footage: MED: transfer from DW96 to filter plate (MVI_3248 – 01:08-01:12) CU: Few seconds mixture being dispensed (MVI_3248 – 01:35-01:40) 
3.6. Now turn on the vacuum for approximately 30 seconds to filter the lysate through the plate, collecting the flow-through in a deep well 96 below. The deep well 96 containing the flow through is removed from below the filter plate and stored on a rack  until the end of the experiment.
3.6.1. MED: Talent turning on vacuum (TEXT: Do not dry out resin)
3.6.2. CU: Few seconds of flow-through being collected in DW96 (MVI_3249 – 00:,03-00:07) (TEXT: Do not over dry the resin)
3.6.3. Additional shot: MED: Dismantle sandwich and store deep well with flowthrough (MVI_3250 – 00:05-00:40)
3.7. Then wash the resin twice with 800 (l of binding buffer each time. After the second wash, use the robotic gripper to place a fresh deep well 96 plate under the filter plate to collect the 50 mM imidazole wash.
3.7.0. Additional shot: MED: transfer of 4x200 ul binding buffer onto filter plate. (MVI_3251 – 00:04-01:08)
3.7.1. MED: Few seconds of resin being washed with binding buffer (TEXT: Apply vacuum after each wash) (MVI_3251 – 01:08-01:12), 
3.7.2. MED: Robotic gripper placing fresh plate under filter plate (MVI_3252 – 00:29-01:04),
3.8. Add 150 (l of wash buffer onto the filter plate and apply the vacuum again until the buffer has passed through. The deep well 96 containing the wash is removed from below the filter plate and stored on a rack  until the end of the experiment.
3.8.1. MED: Talent Robot adding wash buffer onto filter plate (MVI_3254 – 00:10-00:25)
3.8.2. CU: Last few seconds vacuum being applied/buffer passing through (MVI_3255 – 00:03-00:07),
3.8.3. Additional shot: MED: move SPE block and filter plate, remove DW with wash buffer (MVI_3256 – 00:06-00:27).
3.9. Then, after washing two more times with 800 (l of wash buffer as demonstrated for the binding buffer washes, use the robotic gripper to transfer the microplate onto the worktable and put the SPE block and filter plate back on top of the microplateplate to collect the elution.

3.9.1. MED: Robotic gripper transferring microplate to worktable and SPE block and  Filter plate being placed onto plate (MVI_3257 – 00:36- 01:20)
3.9.2. CU: SPE block being placed onto plate

3.9.3. CU: Filter plate being placed onto plate

3.10. Then add 190 (l of elution buffer to the resin in the filter plate. After 3 minutes, apply the vacuum one minute to allow all of the buffer passing through. Quickly visually check that the elution volumes are correct.

3.10.1. CUMED: Elution buffer being added to resin (MVI_3258 – 00:03-00:19).
3.10.2. CU: Last few seconds vacuum being applied/buffer passing through (MVI_3259 – 00:04-00:10),
3.10.3. Additional shot: MED:  Remove the SPE block and filter plate to be able to recover elution  (MVI_3260 – 00:08-00:19).  
3.10.4. Addiitional shot: MED: Talent removing microtiter plate from robot and checking correct elution volume (MVI_3263 – 00:05-00:17) 
3.10.5. Additional shot: CU: Talent checking correct elution volume (MVI_3264 – 00:04-00:16)
3.11. Finally, block samples of the elution, wash and flow-through plates for the quantification of the level of soluble expression. Analyze first the elution plate and only when necessary check the relevant wash and flow-through fractions.
3.11.1. MED: Talent preparing samples for Caliper gel electrophoresis taking/labeling/other appropriate shot for at least one sample (TEXT: In that example the samples are analyzed with a Caliper GXII LabChip HTP electrophoresis system), (MVI_3265 – 00:04-00:14 or 00:25)
3.11.2. MED: Talent putting the plate into the caliper machine and starting run (MVI_3266-00:11-00:35)
4. Results: Representative expression screen of 96 disulfide-rich venom proteins
4.1. These data illustrate an electrophoresis result from the Caliper LabChip system. The intact, uncleaved fusion proteins are represented by the upper bands, with the cleaved protein fragments represented as the lower bands. The fusion yields for each target protein were determined to fall within the ranges 0.1 to 2, 2 to 10 and 10 to 25 mg/l culture levels, or in some instances, were not detected.

4.1.1. LAB MEDIA: 51464_RVincentelli_Figure1.tiff 
(Video Editor: with “The intact … lower bands” please highlight/otherwise indicate the three lines of blue banding;

with “0.1 to 2 mg/l” please highlight the “0.1 to 2 mg/l culture” and accompanying light green + in the figure legend AND/OR the light green + boxes throughout the figure; 

with “2 to 10” please highlight the 2 to 10 mg/l culture” and accompanying medium green + + in the figure legend AND/OR medium green + + throughout the figure; 

with “10 to 25 mg/l culture” please highlight the “10 to 25 mg/l culture” and accompanying darker green +++ in the figure legend AND/OR darker green +++ throughout the figure; 

with “not detected” please highlight the “not detected” and accompanying pink ND in the figure legend AND/OR pink ND + throughout the figure)

4.2. Assessing the success of the protein expression by the number of disulfide bonds present within each fusion protein fragment demonstrates a reasonable success for all the numbers of disulfide bonds tested, with the lowest success level being 66% for targets containing 6 disulfide bonds. 
4.2.1. LAB MEDIA: 51464_RVincentelli_Figure2.tiff (Video Editor: with “with the lowest … bonds” please highlight the “6” disulfide bonds column)
4.3. 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. 
4.3.1. LAB MEDIA: 51464_RVincentelli_Figure3.tiff 
(Video Editor: with “”based … point” please highlight the y-axis; 

with “number of residues” please highlight the x-axis;

with “successfully expressed targets” please highlight/indicate/flash the light and medium green data points; 

with “and targets … detected” please highlight/indicate/flash the pink data points)
4.4. Once the fusions have been detected and cleaved, the purified targets undergo quality control by electrospray ionization mass spectrometry. Here the representative target shown is a 5.7 kDa disulfide-rich venom protein with 4 disulfide bonds. This spectrum shows the results for the protein prior to reduction with DTT, as it was after cleavage and desalting without further intervention. 
4.4.1. LAB MEDIA: 51464_RVincentelli_Figure4.tiff 
(Video Editor: with “representative target shown” please highlight the “ESI-MS” text; 

with “5.7 … protein” please highlight the “5.7 kDa text”;

with “with 4 disulfide bonds” please highlight the “4 disulfide bonds” text

with “This … intervention” please highlight the graph on the left”)
This spectrum shows the protein after reduction with DTT followed by desalting to remove any excess DTT. The arrows indicate the ions corresponding to the experimental masses and the designation for each ion is indicated in green. The experimental parent masses calculated for these ions are shown in the table and correspond to a mass difference of 8 Daltons, equivalent to 4 oxidized disulfide bonds

4.1.1. LAB MEDIA: 51464_RVincentelli_Figure4.tiff 
(Video Editor: with “This spectrum … excess DTT” please highlight the graph on the right; 

with “The arrows indicate” please highlight/flash/add arrow in both graphs; 

with “desgination … green” please highlight/flash/add green numbers and + in both graphs;

 with “experimental … table” please highlight the table)
5. Conclusion (said by authors on camera)
5.1. Renaud Vincentelli: Once set up, the entirety of this full protocol can be performed for on more than one a thousand cultures within one a week. (MVI_3279 – 00:44-00:49) 

5.2. Natalie Saez: After watching this video, you should have a good understanding of how to use small scale E. coli cultures to identify the successful conditions necessary for soluble protein production using high throughput methods. (MVI_3283 – 00:13-00:26)
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.  

51464_NSaez_schematic_overview_new (1).pptx
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.
�The video (MVI 3230 ) is the good one but you kept after 00:15 and the tips are empty. PLEASE REPLACE IT by the start of the MVI 3230  (00:02-00:15) or less if you want.


�Add this text while MVI 3264 is used.


�Add this line in the voice recording.
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