APPROVED SCRIPT FOR FILMING


Scriptwriter Name: Ashley Shea 
SciEd Collection: Microbiology 
Lab Name and JoVE ID #: Bacterial Conjugation 10516 

Notes to authors are in italics and highlighted in yellow. 

Post shoot notes are highlighted in green.

Protocol:

Preparation of Donor and Recipient Strains
Video editor: Please note that the slating numbers in the footage are incorrect. Unless otherwise specified, please use the numbering in this script, which corresponds to the file names. 
[bookmark: _GoBack]
Before starting the procedure, put on the appropriate personal protective equipment, including a lab coat and gloves [1-WIDE]. Next, sterilize the workspace using 70% ethanol to wipe down the surface [2-MED]. Then, obtain 1L of sterile LB bacterial growth medium [3-MED-TXT].  
 Talent approaches bench and puts on PPE in order listed. Video editor: Talent also wipes down the lab bench, which is then repeated in the next shot. Only show the bench cleaning once. Either shot is fine.
 Talent sprays and wipes down benchtop with 70% ethanol.
 Talent collects a bottle of LB and places it onto bench. TEXT: Luria-Bertani Broth 

Pipet 5 mL of the LB broth into a 15 mL conical tube and then add 15 μL of diaminopimelic acid, or DAP, to make a final concentration of 0.3mM [1-MED-TXT]. Prepare the donor strain culture by inoculating 5 mL LB-DAP with a scrap of the frozen donor strain glycerol stock [2-MED-TXT]. 
 Talent pipets 5mL LB into a tube, and then pipettes 15μl DAP into same tube. TEXT: DAP: diaminopimelic acid 
 Talent adds donor strain to the LB with 0.3mM DAP. TEXT: Donor strain = WM3064 strain of E. coli

 Then, prepare the recipient strain by inoculating 5 mL of LB broth without DAP with a scrap of the frozen recipient strain glycerol stock [1-CU-TXT]. Grow these cultures overnight at 37 C with aeration and shaking at 220 rpm in a shaking incubator [2-MED].
 Talent adds the recipient strain to the LB as previously shown. TEXT: Recipient strain = J53 strain of E. coli	Comment by Caitlin McAllister: These two shots could not be identified easily. Authors: Was this filmed? Does this need to be in the video?

 Talent secures bacterial cultures in shaking incubator already set to 37C, sets speed to 220 rpm, and presses start.

Once the cultures have grown to an OD600 of 2, remove 1 mL of culture from each and place this into two new, separate 1.5 mL microcentrifuge tubes [1-CU]. Then, centrifuge these aliquots at 3000 rpm for 5 minutes to pellet the bacterial cells [2-MED-over-the-shoulder]. 
 Talent takes 1 mL from one sample, and places into a new tube, then repeats with the second sample.
 Talent adds aliquots to centrifuge and then presses start. TEXT: 3000 rpm, 5 min 


 Discard the supernatant and wash each pellet with 250 μL of 1X PBS [1-CU]. Centrifuge the samples again… [2-MED-over-the-shoulder-TXT], and after discarding the supernatant, resuspend each pellet in 500 μL of PBS [3-CU].
 Talent discards the supernatant and washes cells with 1x PBS by resuspending cells in PBS. Video editor: Use take 2.
 Talent removes tubes from centrifuge as if run just finished. TEXT: 3000 rpm, 5 min
 Talent discards supernatant and then resuspends cells in 500μl of PBS. 

Finally, collect non-selective LB agar plates containing 0.3 mM DAP, as well as selective LB agar plates containing the antibiotics of interest [1-CU-TXT].
Talent sets labeled, antibiotic treated LB plates on benchtop. TEXT: One plate treated with 1X Tet and another plate treated with 1X Tet and 1X Amp Video editor: Do NOT use take 1. Plates are labeled incorrectly.



Conjugation

To begin the conjugation procedure, first combine 50 L of recipient cells with 50L donor cells in a 1.5 mL micro centrifuge tube and mix by pipetting up and down gently [1-MED]. Now, pipet 100 L of this cell mixture onto a non-selective agar plate containing DAP [2-CU-TXT].
Talent adds 50L of recipient cells and 50L donor cells to a micro centrifuge tube and mixes by pipetting.
Talent prepares conjugation plate by pipetting 100L of combined cell mixture onto a non-selective agar plate containing DAP. TEXT: Do NOT spread

Next, prepare your negative control by pipetting 100 L of the recipient cell culture only onto a non-selective agar plate containing DAP [1-MED-Over the shoulder]. Then, incubate the conjugation and negative control plates overnight at 37 C [2-MED].
Talent prepares negative control by pipetting 100L of recipient cell culture onto a non-selective agar plate containing DAP. 
Talent transfers conjugation and negative control plates to a 37 C incubator for overnight incubation and walks away. 


The next day, take a sterile cell scraper, and harvest cells from the conjugation plate by collecting colonies [1-CU]. Then, transfer the colonies to a sterile 1.5 mL microcentrifuge tube containing 1 mL of 1X PBS [2-MED]. Repeat this process to collect cells from the negative control plate [3-CU]. After this, vortex the samples to mix [4-MED].
 Talent uses sterile cell scraper to gently scrape cells from conjugation plate.
 Talent transfers cells to sterile micro centrifuge tube with PBS in it. Authors: The experimental tubes should be labeled clearly.
 Talent transfers cells to a sterile microcentrifuge tube with PBS in it. Authors: The tube containing the negative control should be labeled to distinguish it from the experimental tubes.
 Talent vortexes the tubes. 


After mixing, transfer the tubes to a centrifuge to gently pellet the cells [1-MED-Over-the-shoulder-TXT]. Discard the supernatant. Then, wash the cell pellets in 1 mL of PBS and vortex the tubes to resuspend the cells [2-CU]. Pellet the cells again by centrifuging [3-MED].
Talent adds tubes to the centrifuge, closes lid, hits start. TEXT: 3000 rpm, 5 min
Talents discards supernatant (from one tube), adds PBS to the pellet, and vortexes the tube. 
 Talent places tubes back into centrifuge.

Discard the supernatant again and resuspend both cell pellets in 1 mL of PBS [1-MED]. Now, using a sterile pipette tip, plate 100 L of the conjugation reaction cell mixture onto a single LB agar plate containing 1X tetracycline and 1X ampicillin [2-CU-TXT].
 Talent resuspends both cell pellets in 1mL of PBS.
 Talent picks up labeled LB agar plate containing 1x Tet and 1x Amp and pipets 100 L of conjugation reaction cell mixture onto the plate using a sterile pipette tip. TEXT: 1X tetracycline and 1X ampicillin

Repeat the plating method using 100 L of a ten-fold dilution of the same cell mixture in PBS onto a fresh tetracycline and ampicillin LB plate [1-MED-Over the shoulder]. Finally, pipet 100 L of the negative control cell mixture onto a single LB agar plate with 1X tetracycline only [2-MED].
 Talent picks up LB agar plate containing 1x Tet and 1x Amp and pipets 100L of ten-fold diluted conjugation reaction cell mixture.
 Talent picks up LB agar plate with 1x Tet and repeats plating method for negative control cell mixture. 

After overnight incubation at 37 ∘C, the colonies should be visible [1-CU]. Using a sterile pipette tip, pick a single colony from the conjugation reaction plate and add it to a tube containing 5 mL of selective LB media containing both antibiotics [2-CU]. 
Talent removes plates from incubator and sets on benchtop. 	Comment by Caitlin McAllister: Not easily identified. Authors: Was this filmed? Can this shot be removed from the video?
Talent picks up a plate and picks a single colony using a sterile pipet tip and drops the pipet tip into a tube containing 5mL LB medium with the appropriate selective antibiotic. 

Then, repeat the colony isolation by selecting a single colony from the negative control plate [1-MED-Over the shoulder]. Grow these cultures overnight at 37 C with aeration at 220 rpm [2-MED].
Talent repeats colony isolation for the negative control plate as previously shown. 
Talent adds cultures to shaking incubator and sets speed to 220 rpm.

The next day, wipe down the benchtop with 70% ethanol [1-WIDE] and remove the plates from the incubator [2-MED over the shoulder].
Talent (already wearing lab coat and gloves) sprays benchtop with 70% ethanol and wipes down with paper towel.
Talent walks over to shaking incubator and turns it off. Then removes cultures and brings them back to benchtop.	Comment by Caitlin McAllister: Not easily identified. Authors: Was this filmed? Can this be removed from the video?
  
Use a DNA miniprep kit to isolate DNA from 4.5 mL of each culture, according to the manufacturer’s instructions [1-MED]. After completing the DNA miniprep, elute the DNA using 35 L of nuclease-free water [2-CU].
Talent adds culture to DNA mini-prep tubes, then performs a few further steps (please capture a few steps so we can choose a good, representative clip). Talent adds tubes to the centrifuge.
Added shot 3.10.1.B: Talent performs lysis steps for DNA miniprep kit. Note: This was slated as 1.13.1B but use 3.10.1.B. 
Talent elutes DNA by adding 35 L of nuclease-free water to the center of the tube 

Finally, use the remaining 0.5 mL of each culture to prepare 1 mL glycerol stocks by adding 0.5 mL of 100% glycerol, for a 1:1 dilution [1-MED]. Place these aliquots at -80C for storage until needed [2-WIDE].
Talent prepares 1mL glycerol stocks by making a 1:1 mixture of the remaining 0.5mL bacterial culture and 100% glycerol. 
Talent sets stock solutions in -80C freezer.


Data Analysis by Polymerase Chain Reaction (PCR)

The next step is to confirm the successful plasmid transfer conjugation by PCR [1-WIDE]. To do this, first prepare a PCR master mix by adding 37.5 µL of 2X PCR Master mix to a microcentrifuge tube, and then adding 3.75 µL each of a 10 µM forward primer and 10 µM reverse primer designed to amplify the ampicillin resistance gene from the plasmid [2-MED-TXT].
Talent approaches bench with some of the reagents needed for the PCR in an ice bucket, and sets it down
Talent pipets 2X PCR Master mix into a micro centrifuge tube and then adds forward primer and then reverse primer to the same tube.

Next, prepare a second PCR master mix by adding 37.5 µL of 2X PCR Master mix to a microcentrifuge tube, and then adding 3.75 µL each of a 10 µM forward primer and 10 µM reverse primer designed to amplify a housekeeping gene, in this case DNA gyrase B [1-CU]. 
Talent adds master mix to tube, and then adds forward and reverse primers. Video editor: Do not use take 1. 

Now, add 15 µL of the first master mix to a PCR tube, and then add 10 ng, approximately 2 µL, of the template experimental DNA to the same tube [1-CU]. Bring the reaction up to a final volume of 25 µL with nuclease-free water [2-MED Over the shoulder-TXT].
Talent has 6 different labeled PCR tubes in front of them at the benchtop. Talent prepares first tube by pipetting master mix and then adds 10ng of template DNA to the same tube.
Talent brings this PCR reaction up to a final volume with nuclease-free water. 
Talent begins to repeat these steps for remaining tubes.

Repeat these steps to produce the remaining five reactions, so that the tubes contain the components shown here [1-MED-TXT].  
 Talent continues setting up the reactions for tubes 2, 3, 4, 5, and 6. EDITOR – can fade over action, have the following TEXT displayed at bottom of screen: Video editor: It appears that this was not filmed. You can use footage from 4.3.3 to cover this. 
Tube 1: Conjugation reaction DNA, ampicillin primer pair
Tube 2: Conjugation reaction DNA, housekeeping gene primer pair
Tube 3: Negative control DNA, ampicillin primer pair
                         Tube 4: Negative control DNA, housekeeping gene primer pair
                         Tube 5: No template DNA, ampicillin gene primer pair (control reaction)
                         Tube 6: No template DNA, housekeeping gene primer pair (control reaction)

Now, transfer these reactions to a thermocycler with the block pre heated to 98 °C, and then initiate the program [1-MED-TXT]. After completion of the PCR, remove the tubes from the machine [2-MED-over-the-shoulder] and then load 2 µL of each reaction mixed with 2 µL of loading dye and 4 µL of a molecular weight marker into consecutive wells of a 1% agarose gel [3-CU].
Talent transfers all 6 PCR reaction tubes to a preheated thermocycler and programs the thermocycler and hits start. TEXT: See manuscript for thermocycling conditions 
Talent removes tubes from the PCR machine and brings back to bench where a pre-made 1% agarose gel is waiting. Editor: This shot was split into two parts, take one and take two.
Talent loads all four PCR reactions separately onto a 1% agarose gel, as well as a ladder 

Set the gel to run at 150V for 20 minutes [1-MED-TXT]. Finally, visualize the gel using a UV illuminator [2-MED].
Talent puts in settings and presses start. TEXT: 150V for 20 minutes
Talent carefully places gel on UV illuminator and views PCR product.


Results

In this experiment, bacterial conjugation was performed to transfer the gene encoding for resistance to the antibiotic ampicillin. This was done in the form of a plasmid with an origin-of-transfer region from the WM3064 donor strain of E. coli to the recipient J53 strain [1-LM]. 
See storyboard: Use Author Fig 1

Here, when conjugation is successful, a 500 base-pair sized band is observed in the well corresponding to the conjugation DNA and ampicillin primers, well 2 in this example [1-LM]. Bands are also observed in the wells in which both reactions containing DNA and the housekeeping gene primer pair were loaded, wells 3 and 5 in this example [2-LM].
 See storyboard: Figure 2B well #2
 See storyboard: Figure 2B wells #3 and #5

Bands are observed in the wells in which the reaction containing negative control DNA and ampicillin primer pairs, as well as the reactions lacking template DNA were loaded, wells 4, 6, and 7 respectively. The presence of these bands will confirm the successful transfer of the ampicillin resistance gene, thereby conferring ampicillin resistance to the J53 strain of E. coli [1-LM].
See storyboard: Use Author Fig 2B Wells #4, #6, and #7.   
