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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N_____  (If you can record images/videos using your own camera/software, then mark No)

If yes, please list make and model of your microscope:  _________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted.

· Steps 4.7, 4.8, 4.10, 4.11, 4.13, 4.15 from the protocol
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) ______________________

· 4.7 and 4.8 in the protocol are critical to ensure success. This is a mating assay itself, and needs to be done in a highly organized manner to ensure interpretable data.

E.  Will the filming need to take place in multiple locations? (Y/N) __N___

If yes, how far apart are the locations?  _______________________________ 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this mating assay is to assess the effects of mutations within the conjugative transfer gene on its ability to affect plasmid transfer within the context of a functional type four secretion complex (Intro).
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gerald Audette: This method helps answer protein-specific questions, such as identifying regions of protein-protein interactions that occur between transfer proteins as they assemble a functional type-four secretion system during bacterial conjugation [1-MED].

1.1.1. Gerald speaks toward the camera, interview style.

1.2. Gerald Audette: In this technique, genes on large conjugative plasmids are knocked out by homologous recombination.  Gene function is assessed by providing the target gene to the knockouts with a smaller plasmid [1-MED]. 

1.2.1. Gerald speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Roksana Nowroozi-Dayeni: Generally, individuals new to this method will struggle because organization and set-up are necessary to successfully conduct this procedure.  Proper experimental preparation is essential to get interpretable results [1-MED].

1.3.1. Roksana speaks toward the camera, interview style.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Gerald Audette: Along with Roksana [1-MED], Ayat Yaseen will be demonstrating this technique.  Both scientists are students in my laboratory [2-MED].  

1.4.1. Gerald speaks toward the camera, interview style.
1.4.2. Ayat looks up from workbench or desk and acknowledges the camera.
Note to authors:   This section was modified so that the statements meet our 30 word limit.  Also, since Roksana will be introduced with on-screen text when she speaks, there is no need to introduce her in 1.4.  I’ve also modified 1.4 to reflect that.
Protocol (read by voice talent at JoVE):
2. Amplification of the chloramphenicol acetyltransferase (CAT) cassette from pBAD33 plasmid using oligomers designed for homologous pairing

2.1. Begin this protocol with preparation of the digested pBAD33 (pronounced as “p-bad-thirty three) plasmid as described in the text protocol. Run each digest on an agarose gel [1-MED].
2.1.1. Talent loads the digested pBAD33 plasmid on an agarose gel.  Use labeled containers.
2.2. Using a UV cabinet and a sterile razor, cut the 2.8 kilobase band that corresponds to the CAT (pronounced as “cat”) sequence out of the gel [1-CU]. Work quickly to minimize the UV exposure of the DNA [2-ECU].
2.2.1. Gel as talent cuts a 2.8 kilobase band that corresponds to the CAT sequence out of the gel.  Continue action in next shot.
2.2.2. Band as talent cuts it out of the gel.
2.3. Extract the DNA from the cut-out gel slice using a gel extraction kit as per the manufacturer’s protocol [1-MED]. 
2.3.1. Talent adds buffer from the extraction kit to the gel in a tube.
2.4. To amplify the extracted CAT cassette by Polymerase Chain Reaction, or PCR, prepare the reaction mixture in a sterile PCR tube [1-MED-TXT].  Use primers that contain overhangs that are homologous to the target gene sequence for homologous recombination [2-CU-TXT].
2.4.1. Talent pipettes components of the PCR mixture to the PCR tube.  Use labeled containers.  TEXT Overlay: see text for PCR reaction mixture
2.4.2. PCR tube as talent pipettes the primers there from a labeled container.  TEXT Overlay: see text for primer design 
2.5. Set up a negative control that bears the same components, except replace the template DNA with double distilled water [1-MED-over the shoulder].  Also, set up a positive control using template DNA and primers that have been proven to work in a PCR reaction [2-CU].
2.5.1. Talent adds double distilled water to the negative control.  Use labeled containers.
2.5.2. Tube as talent sets up the positive control there from the manufacturers provided components.  Use labeled containers.
2.6. Mix all the reaction contents gently by pipetting [1-MED].  Then, amplify the extracted CAT cassette using the PCR parameters listed in the text protocol [2-MED-over the shoulder].
2.6.1. Talent mixes the reaction contents gently by pipetting.
2.6.2. Talent places the PCR tubes into the PCR instrument, shuts the lid, and starts the run.
2.7. Use only 5 microliters of each reaction to confirm the correct size of amplification via agarose gel electrophoresis [1-CU].  Purify the PCR amplicon using a PCR purification kit with the manufacturer’s protocol [2-MED-TXT].  
2.7.1. Gel as talent loads reaction combined with sample buffer into the wells.
2.7.2. Talent pipettes a buffer from the PCR amplification kit into the tube with the PCR amplicon.  TEXT Overlay: store the purified DNA at -20 ºC
3. Generation of pOX38-Tc Δgene::Cm strains
3.1. Add 300 nanograms of the amplified CAT cassette into 50 microliters of electrocompetent DY330R (pronounced as “D-Y-3-3-0-R”) cells harboring the pOX38-Tc (pronounced as “P-O-X-thirty eight-T-C”) plasmid on ice [1-MED-over the shoulder-TXT].  Gently pipette up and down to mix [2-CU].
3.1.1. Talent pipettes the amplified CAT cassette into 50 microliters of the cells on ice.  Use labeled tubes.  TEXT Overlay: see text for preparation of DY330R pOX38-Tc cells  
3.1.2. Tube of cells as talent pipettes up and down to mix.  Use labeled tubes.
3.2. Repeat this step using unmodified pBAD33 plasmid as a positive control [1-MED].  Then, transfer the cells to a pre-cooled 1 millimeter electroporation cuvette [2-CU].  Electroporate the cells at 1.8 kiloVolts with a time constant of 5.5 milliseconds, using an electroporator [3-MED-over the shoulder].
3.2.1. Talent pipettes the unmodified pBAD33 plasmid into a tube of cells on ice.  Use labeled containers.
3.2.2. Electroporation cuvettes as talent transfers the cells there.
3.2.3. Talent uses an electroporator to electroporate the cells at 1.8 kiloVolts with a time constant of 5.5 milliseconds.
3.3. Immediately after applying the pulse, dilute the cells with 1 milliliter of SOC media and transfer to a fresh microfuge tube [1-CU].  Incubate the cells at 32 degrees Celsius for 2 hours [2-MED].
3.3.1. Talent pipettes 1 mL of SOC media over the cells and transfers to fresh microfuge tubes.
3.3.2. Talent places the cells into a 32 degree Celsius incubator.
3.4. Next, aliquot 100 microliters of each sample onto agar plates containing 10 micrograms per milliliter tetracycline and 20 micrograms per milliliter chloramphenicol [1-MED-over the shoulder-TXT].  Spread the aliquot over the plate using a sterile spreader [2-CU].
3.4.1. Talent aliquots 100 microliters of each sample onto agar plates containing 10 µg/mL tetracycline and 20 µg/mL chloramphenicol.  TEXT Overlay: keep the area sterile and work near a flame 
3.4.2. Plate as talent spreads aliquot with a sterile spreader.
3.5. Incubate the plate upside down at 32 degrees Celsius overnight [1-MED].  The next day, select for the successful recombinants.  The CAT cassette introduced into the cell will undergo homologous recombination with the gene of interest and create the pOX38-Tc-chloramphenicol knockout clone [2-CU].  
3.5.1. Talent places the cells into the incubator.
3.5.2. Plates as talent selects the successful recombinants and re-streaks.
3.6. Separately electroporate 300 nanograms of pK184-gene (pronounced as “p-k-one-eighty-four”) or pK184-gene mutant plasmids into 50 microliters of electrocompetent DY330R cells harboring the pOX38-Tc chloramphenicol knockout plasmid as before [1-MED-TXT].
3.6.1. Talent electroporates cells on the electroporator.  Use labeled containers.  TEXT Overlay: see text for preparation of pK184 and selective media components   
4. Conjugative Mating Assay from XK1200 Donors to MC4100 Recipients
4.1. To generate the XK1200 (pronounced as “X-K-twelve hundred”) donor cells, perform conjugative mating followed by electroporation to generate XK1200 cells harboring both the chloramphenicol knockout and the pK184 plasmid as described in the text protocol [1-MED-over the shoulder-TXT].
4.1.1. Talent pulls the prepared XK1200 donor cells out of the -80 °C freezer.  TEXT Overlay: see text for preparation of XK1200 pOX38-Tc Δgene::Cm + pK184-gene cells
4.2. Prepare an overnight culture of these XK1200 donor cells in 20 milliliters of sterile LB with chloramphenicol and kanamycin [1-MED-TXT].
4.2.1. Talent places the XK1200 cell culture into the incubator.  TEXT Overlay: 20 μg/mL chloramphenicol, 50 μg/mL kanamycin
4.3. Also prepare MC4100 (pronounced as “"M-C-forty one hundred") recipient cells in 50 milliliters of LB with 50 micrograms per milliliter of streptomycin using cells from a glycerol stock or from a single colony on an agar plate [1-MED-over the shoulder-TXT].
4.3.1. Talent uses sterile pipette or loop to inoculate 50 mL of LB with MC4100 cells.  TEXT Overlay: 50 μg/mL streptomycin  
4.4. Grow the cultures at 37 degrees Celsius, shaking at 200 rpm [1-MED].
4.4.1. Talent places the cells into the 37 degree Celsius incubator.
4.5. Add glucose to a final concentration of 100 milliMolar to all donor cells [2-MED-over the shoulder].  The next day, make 1 in 70 dilutions from each overnight culture separately in 2 milliliters of sterile LB with the same antibiotics [1-CU] [2-MED-over the shoulder].  
     4.5.2. Talent adds glucose to a final concentration of 100 mM to all the donor cells.
4.5.1. Labeled tubes as talent makes 1 in 70 dilutions from each overnight culture separately in 2 milliliters of sterile LB with the same antibiotics. 
4.5.2. Talent adds glucose to a final concentration of 100 mM to all the donor cells. (Move above 4.5.1)
(Author Note: Order of 4.51 and 4.5.2 are switched to better reflect what is done and was videoed.)
4.6. Grow the cells to mid-log phase at 37 degrees Celsius with shaking at 200 rpm [1-MED-TXT].
4.6.1. Talent checks places a cuvette of cells into the spectrophotometer to check the OD.  TEXT Overlay: OD600 0.5-0.7
4.7. Centrifuge the cell culture to pellet the cells and discard the supernatant [1-MED-over the shoulder].  Then, wash the cell pellet once with cold sterile LB to remove the antibiotics [2-CU]. After centrifuging a second time as before, resuspend the cells in 2 milliliters of cold, sterile LB [3-MED].
4.7.1. Talent removes the centrifuged cells from the centrifuge and discards the supernatant.  TEXT overlay (as “centrifuge the cell culture to pellet the cells” is narrated): 4000 x g for 5 min at 4 °C
4.7.2. Cell pellet as talent washes it with cold sterile LB from a labeled container.
4.7.3. Talent resuspends the cells in 2 mL of cold sterile LB from a labeled container.
4.8. In duplicate, aliquot 100 microliters of donor cells and 100 microliters of recipient cells to 800 microliters of sterile LB media, for 1 milliliter total volume [1-MED-over the shoulder].  Allow the cells to mate at 37 degrees Celsius for 1 hour without shaking [2-CU].
4.8.1. Talent aliquots 100 microliters of donor cells and 100 microliters recipient cells to 800 microliters of sterile LB media.  Use labeled containers.
4.8.2. Flask Tubes of cells as talent places into the incubator.
4.9. After an hour, vortex the cells for 30 seconds to disrupt the mating pairs [1-MED].  Then, place the cells on ice for 10 minutes to prevent further mating [2-MED-over the shoulder].
4.9.1. Talent vortexes the cells.  Use labeled containers.
4.9.2. Talent places the cells onto ice and starts an adjacent timer to count-down from 10 minutes.  Use labeled containers.
4.10. Using the mid-log cultures and fresh sterile LB, prepare 6 serial dilutions of the donor and recipient cells from 1 in 100 to 1 in 10 million [1-CU].
4.10.1. Labeled tubes as talent prepares 6 serial dilutions of the donor and recipient cells from 1 in 100 to 1 in 10 million.
4.11. On each of two halves of an agar plate containing naladixic acid, chloramphenicol and kanamycin [1-MED-over the shoulder-TXT], spot 10 microliter aliquots of each dilution of XK1200 donor cells [2-CU].
4.11.1. Talent begins to spot 10 microliter aliquots of each dilution of XK1200 donor cells of the plate.  Continue action in next shot.  Use labeled containers.  TEXT Overlay: 10 μg/mL naladixic acid, 20 μg/mL chloramphenicol, 50 μg/mL kanamycin
4.11.2. Agar plate as talent spots 10 microliter aliquots of the dilutions onto it.  Use labeled containers.
4.12. Repeat spotting for the dilutions of the recipient MC4100 cells on agar plates containing streptomycin [1-MED-over the shoulder-TXT].  Then, incubate the plates overnight at 37 degrees Celsius [2-MED].
4.12.1. Talent spots dilutions onto streptomycin plates.  TEXT Overlay: 50 μg/mL kanamycin
4.12.2. Talent places the plates into the incubator.
4.13. Next, using the vortexed mixture and fresh sterile LB, prepare 6 dilutions of the transconjugants [1-CU].
4.13.1. Labeled tubes as talent uses the vortexed mixture and fresh sterile LB to prepare 6 dilutions of the transconjugants.  TEXT Overlay: dilutions of 1 in 102 to 1 in 107  
4.14. Select for the transconjugant MC4100 cells that harbor the pOX38-Tc-chloramphenicol knockout by spotting 10 microliter aliquots of each of dilution on each half of agar plates [1-MED-over the shoulder] containing streptomycin and chloramphenicol [2-CU-TXT].   
4.14.1. Talent spots 10 microliter aliquots of each of dilution on each half of agar plates.  Continue action in next shot.
4.14.2. Plate as talent spots 10 microliter aliquots of each of dilution onto it.  TEXT Overlay: TEXT Overlay: 50 μg/mL streptomycin, 20 μg/mL chloramphenicol
4.15. Repeat for both duplicate mixtures [1-MED].  Then, incubate the plates overnight at 37 degrees Celsius [2-MED-over the shoulder].
4.15.1. Talent spots new plates for duplicate mixtures. (Author Note: This shot was not captured, because the narrator can say that steps 4.11.1, 4.11.2, 4.14.1, and 4.14.2 were repeated.)
4.15.2. Talent places all the plates into the incubator.  

4.16. Calculate the mating efficiency by counting the number of colonies from the same dilution spotting for each donor, recipient and transconjugant cells on their respective plates [1-CU].
4.16.1. Plates as talent counts the colonies.
4.17. Also count the recipient colonies to test for any bias resulting from a larger number of transconjugants than recipients at that given dilution [1-MED-over the shoulder].
4.17.1. Talent counts the recipient colonies and writes count into a lab notebook.
4.18. Calculate the mating efficiency as the number of transconjugant colonies divided by number of donor colonies.  Multiply by 100 to obtain the efficiency value per 100 donor cells [1-CU].
4.18.1. Lab notebook as talent calculates the mating efficiency as the number of transconjugant colonies divided by number of donor colonies.  Then talent multiplies by 100 to obtain efficiency value per 100 donor cells
5. Results: Transfer Gene Knockout and Recovery of Conjugative DNA Transfer
5.1. When the type 4 secretion system gene traF is knocked out of the pOX38-Tc plasmid, it results in a loss of conjugative transfer of the pOX38Tc tra-F chloramphenicol knockout plasmid from donor to recipient cells [1-LM].

5.1.1. 54854_Audette_Figure1.tif – Editors, as the second part of the sentence is narrated, please highlight the labels for the middle panel and/or the middle panel itself.
5.2. However, when the traF gene is provided in trans by the pK184-traF plasmid in the donor cells, a recovery of conjugative transfer of the pOX38-Tc tra-F chloramphenicol knockout plasmid is observed [1-LM].
5.2.1. 54854_Audette_Figure2.tif – Editors, as the first part of the sentence is narrated, please highlight the pK184-traF label on the left side of the figure.
5.2.2. 54854_Audette_Figure2.tif – Editors, as the second part of the sentence is narrated, please highlight the labels for the middle panel and/or the middle panel itself.
5.3. When provided with deletion mutants of traF in the pK184 plasmid in the donor cells [1-LM], loss of conjugative transfer of the pOX38-Tc tra-F chloramphenicol knockout plasmid can be observed [2-LM]. 
5.3.1. 54854_Audette_Figure3.tif
5.3.2. 54854_Audette_Figure3.tif – Editors, please highlight the middle, bottom plate image.
5.4. Loss of conjugative transfer indicates the region of the protein important for protein-protein interactions within the conjugative type 4 secretion system [1-LM].  This region can then be probed in more detail by point mutations that affect the efficiency for transfer [2-LM].

5.4.1. 54854_Audette_Figure3.tif
5.4.2. 54854_Audette_Figure3.tif – Editors, please highlight the middle, top plate image.
6. Conclusion (said by authors on camera)
6.1. Ayat Yaseen: Once mastered, this technique can be done in a single work day, with expected growth times [1-MED].
6.1.1. Ayat speaks toward the camera, interview style.
6.2. Gerald: This protocol can be done on cell strains other than the ones demonstrated in this video.  The critical aspect is that both donor and recipient cells do not harbor the plasmid of interest, so that when you add the knockout plasmid, you don’t get conflicting results [1-MED].
6.2.1. Gerald speaks toward the camera, interview style.  
6.3. Ayat Yaseen: While attempting this procedure, it’s important to remember to be very organized as there are different growth conditions and antibiotics for donor, recipient, and transconjugant cells [1-MED].
6.3.1. Ayat speaks toward the camera, interview style.
6.4. Gerald Audette: Following this procedure, other biophysical approaches such as crystallography, NMR, and mass spectrometry can be performed in order to obtain a detailed structural and functional picture of the particular transfer gene [1-MED].
6.4.1. Gerald speaks toward the camera, interview style.
6.5. Ayat Yaseen: Don't forget that working with any bacteria requires precautions and aseptic techniques to prevent inadvertent contaminations or infection [1-MED].   
6.5.1. Ayat speaks toward the camera, interview style.
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, .eps, 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.  
Authors, please upload the following figures to: http://www.jove.com/account/file-uploader?src=16730518
54854_Audette_Figure1.tif

54854_Audette_Figure2.tif

54854_Audette_Figure3.tif

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 are included in the email accompanying the finalized script.
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