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Protocol

Authors – please ensure you wear appropriate PPE (gloves and lab coat, etc) throughout filming

2. Media preparation

2.1 First, identify a suitable medium for the culturing of the host bacterial cells and the bacteriophage [1-WIDE]. Here, lysogeny broth or “LB”, medium was used to culture E. coli and the T7 phage [2-CU-TXT].

2.1.1 Talent standing facing the chemical shelf, then reaches out to a bottle of dry LB powder from the shelf and places it on the bench top. 
2.1.2 Show lysogeny broth bottle in a close up shot. TEXT: Lysogeny broth (LB) 

2.2 Next, take three clean glass bottles [1-MED-TXT] and label them with the media name, and then the first as “LB-Broth” [2-CU], the second as “LB-bottom agar” and the third as “LB-top agar” [3-MED-TXT].  

2.2.1. Talent places three glass bottles on the bench TEXT: To avoid overflow use bottles which hold twice the final volume of the media
2.2.2. Talent labels first bottle
2.2.3. Talent labels second and third bottle TEXT: 1. LB- Broth; 2. LB-Bottom Agar; 3. LB-Top Agar

2.3 Now weigh out 4 g pre-formulated LB powder in three sets [1-MED-over-the-shoulder] and then transfer one set of weighed dry media into each bottle [2- CU]. Add 200 mL of water to the first bottle [3-MED]. Mix the contents using a magnetic stir bar [4-MED-over-the-shoulder].

2.3.1 Talent weighs out medium. Authors – please ensure the scale area is clean and tidy
2.3.2 Talent transfers contents from weigh boat into the third bottle; first two have powder in already.
2.3.3 Talent adds water to the first bottle
2.3.4 Talent places the bottle on the magnetic stirring bar 

2.4 Then, using a pH meter and constant stirring, bring the final pH to 7.4 through the addition of sodium hydroxide or hydrochloric acid [1-CU]. Repeat the water addition and pH adjustment for the other two remaining bottles as well [2-MED-over-the-shoulder].

2.4.1 A bottle containing the media is stirring over a magnetic stirrer with pH probe immersed in it.  Talent is adding NaOH or HCl.
2.4.2 Talent places a second bottle onto the stirrer and immerses pH meter.

2.5 Now weigh out 3 g agar powder and add it to the second bottle, to make a 1.5% bottom agar [1-MED]. Finally, weigh (1.2) g of agar and add it to the third bottle, to make the 0.6% LB-top agar [2-CU]. The broth condition in bottle 1 does not need an agar addition [3-MED].

2.5.1 Talent weighs agar for 1.5%, then adds it to bottle 2
2.5.2 Talent weighs agar for 0.6%, adds it to bottle 3
2.5.3 All three bottles on bench, in order L-R of LB-broth, LB-Bottom agar, LB-top agar. EDITOR please place labels over each bottle, L-R “LB-broth, LB-Bottom agar, LB-Top agar”

2.6 Cap the bottles semi-tightly [1-CU] and then sterilize the media by autoclaving at 121°C for 20 min [2-MED-Over-the-shoulder-TXT]. Once complete, remove the media bottles from the autoclave and immediately twist the bottle caps to close them fully to prevent contamination [3-MED].

2.6.1 Talent caps the bottles semi-tightly.
2.6.2 Talent transfers the three prepared media bottles into an autoclave and punches in settings TEXT: 121°C for 20 min. (Authors, DO NOT START THE MACHINE – you will need to perform the next step).
2.6.3 Talent takes out the media from the autoclave (Media should look molten/autoclaved – you can mock the shot by putting pre-autoclaved bottles kept in water bath into the autoclave then taking them out), places it on the working bench and twists the caps to tighten them. 

2.7 Keep the LB-Broth and LB-top agar media on the bench for later use [1-MED]. Place the LB-bottom agar to cool in a water-bath that is pre-set to 45°C [2-MED-over-the-shoulder-TXT]. 
2.7.1 Talent places the LB-Broth and LB-top agar media bottles on the working bench.
2.7.2 Talent takes the bottom agar bottle and walks towards a water bath pre-set at 45°C and transfers them in it. TEXT: 45 °C.

3 Preparing agar plates 

3.1 When the LB-bottom agar reaches 45°C, transfer it to the working bench [1-WIDE]. Next, sterilize the work space using 70% ethanol [2-MED-over-the-shoulder]. 

3.1.1 Talent walks to the water bath, removes the bottom agar, walks to the work bench and places it on the work bench.
3.1.2 Talent sprays the bench with 70% ethanol and wipes it using a paper towel.

3.2 Next, add 450 l sterile 1 M calcium dichloride to the molten bottom agar to make a final concentration of 2.25 mM [1-MED]. Gently swirl the bottle to mix [2-CU]. Then, set out seven clean petri dishes [3-MED-over-the-shoulder].

3.2.1 Talent adds calcium dichloride to bottom agar
3.2.2 Talent swirls bottle Video editor: This was mis-slated as 3.2.1.
3.2.3 Talent sets out 7 clean petri dishes on the bench

3.3 Label each dish on the bottom with the media name and preparation date [1-CU]. Then, pour 15 mL of the bottom agar into each of the seven petri dishes [2-MED]. 
3.3.1 Talent labels a dish
3.3.2 Talent pours agar into several dishes
3.3.3 Talent pops bubbles or removes foam Video editor: This was done incorrectly. Do not include this shot or the associated VO. 

3.4 Replace all of the dish lids, and then aAllow the plates to set for a couple few hours or overnight at room temperature [1-MED]. Once set, the culture plates can be stored at 4 °C for several days if needed, upside down to minimize condensation [2-MED-over-the-shoulder].

3.4.1 Talent stacks the dishes and pushes them to the back of the bench for incubation. replaces dish lids
3.4.2 Talent turns over set plates, and places into refrigerator (Authors- Use already set plates)
3.4.3 Added shot: Talent places the plates into fridge

3.5 Transfer the Petri dishes from the 4°C refrigerator to a 37°C incubator 1 hour before the assay [1-MED].  
3.5.1 Talent collects plates from the transfers the plates from the refrigerator 
3.5.2 Added shot: And places them into an incubator. 


4 Culturing Host Cells


4.1 The day before the assay is to be performed, the E. coli should be cultured [1-WIDE]. Here, 10 l of E. coli culture was inoculated into to 10 mL LB broth [2-CU]. Place the bacteria to grow overnight in a shaking incubator set to 37°C at 160 rpm [3-MED-Over-the-shoulder- TEXT]. 

4.1.1 Talent walks into lab carrying liquid media, and places it onto the work bench next to the bacterial sample. 
4.1.2 Talent takes some E. coli and adds it to a flask containing liquid media
4.1.3 Talent places cell culture into incubator. TEXT: Overnight, 37°C,160 rpm.

4.2 Then, on the day of the assay, remove the bacterial culture from the incubator [1-WIDE]. Seed a fresh 10 mL of fresh LB broth with 0.5 mL of the overnight culture [2- CU]. Place these cells to grow into a shaking incubator set to 37°C at 160 rpm [3-MED-Over-the-shoulder-TXT].

4.2.1 Talent takes bacterial culture out of incubator
4.2.2 Talent adds some volume of the overnight culture into a fresh liquid media
4.2.3 Talent places cell culture into incubator 

4.3 Next, use a spectrophotometer to check when this culture reaches log-phase growth, indicated by an optical density of 0.5-0.7 [1-MED-TXT]. Once the OD reaches this level, stop the incubation by transferring the cell culture to the bench - they are now ready to be used for phage overlay assay [2-WIDE]. 

4.3.1 Talent adds culture to cuvette and places into spectrophotometer TEXT: For more detail, see Video JoVE 10511: Growth Curves
4.3.2 Talent removes the culture flask from the incubator and places it on the bench top 


5 Phage serial dilution and Preparation of Bacteria and Phage overlay 

5.1 Phage titers can vary exponentially across different phage types and samples, so in order to count them effectively they should be diluted to generate a wide range of phage concentrations [1-WIDE]. On the day of the assay, generate a series of phage dilutions ranging from “one tenth to one millionth” concentrations, following a 10-fold dilution technique [2-MED-TXT]. To obtain statistically significant and accurate data, perform the serial dilution in triplicate [3-CU-TXT]. 

5.1.1 Talent is working on generating a 10-fold dilution.
5.1.2 Talent is working on generating a 10-fold dilution. Text: 10-fold Serial phage dilution (Concentration range- 10-1 – 10-6). 
5.1.3 Talent is proceeding with generating a 10-fold dilution. TEXT: JoVE 10511: Growth Curves demonstrates serial dilution technique. 

5.2 Next, melt the solidified LB-top agar using a microwave [1-MED]. Then, place it in a water-bath that is pre-set at 45°C for 1 hour [2-WIDE-TXT].  

5.2.1 Talent melts the solidified LB-top agar using a microwave
5.2.2 Talent transfers liquid media into a water bath. TEXT: Media should be kept at 45 °C; higher temps kill bacteria, media solidifies at lower temp. 

5.3 After 1 hr, collect the Petri dishes containing the “bottom agar layer” from the incubator. Label the plates with phage concentration and assay date [1-CU]. Then, set out seven clean test tubes [2-MED-over-the-shoulder]. Label each test tube with the serial phage dilution number and designate one as “control” [3-CU]. 

5.3.1 Talent collects plates from the incubator and places on them on the bench
5.3.2 Talent labels the Petri plates 
5.3.3 Talent sets out 7 test tubes and labels them

5.4 When the LB-top agar reaches 45°C, transfer it to the working bench [1-WIDE]. Now, add 450 l 1 M calcium dichloride to the 200 ml agar to make a final concentration of 2.25 mM [2-CU-TEXT]. Gently swirl the bottle to mix [3-MED]. 

5.4.1 Talent transfers media from water bath to the bench top
5.4.2 Talent adds CaCl2 to the media. TEXT: CaCl2- 2.25 mM final concentration
5.4.3 Talent gently swirls the media

5.5 Next, add 35 mL LB-top agar and 4 mL of bacterial suspension to a sterile conical tube [1-CU]. Gently swirl to evenly distribute the cells but avoid shaking to prevent foaming [2-MED-over-the-shoulder-TXT].

5.5.1 Talent adds top agar medium and bacterial suspension into a flask
5.5.2 Talent gently swirls the flask. TEXT: Avoid foaming, as it can interfere with the even and thin bacterial overlay formation.

5.6 Now, aliquot 5 mL of this bacteria-top agar mix into each of the 7-test-tubes [1-CU-TXT]. Then, transfer 100 L of each of the serially diluted bacteriophage samples and control media – which should be simply media with no bacteriophage – to the respectively labelled test tubes [2-CU]. Swirl the mixture gently to ensure proper mixing [3-MED-over-the-shoulder]. 


5.6.1 Talent aliquots 5 mL of mix to the test tubes. TEXT: Perform this step quickly as the media can quickly solidify at room temperature
5.6.2 Talent transfers 100 L of phage dilution to each of the test tube. 
5.6.3 Talent gently swirls the test tube.

5.7 Now, using a serological pipette gently transfer 5 mL of Bacteria-Phage mix onto the respective Petri-plate [1-CU]. Evenly spread the mix throughout the whole surface by gently swirling the Petri plate [2-CU]. Once all the Petri-plates are layered with the mix allow solidification of the top layer by incubating at room temperature for 15 minutes [3-MED-over-the-shoulder].  

5.7.1 Talent transfer the Bacteria-phage mix on to a petri plate.
5.7.2 Talent puts lid back on and gently swirls the petri plate 
5.7.3 Talent gently pushes the petri plates towards the back of the bench


5.8 After completion of these steps, repeat the process for the second and then the third sets of the Petri dishes using the remaining two sets of phage dilutions [1-MED-over-the-shoulder]. Seal each dish with parafilm and incubate at RT for 15 min [2-MED-over-the-shoulder-TXT].

5.8.1 Talent starts repeats the assay for second and third set. working on the second set. 
5.8.2 Talent is sealing the Petri plates using a parafilm. TEXT: Room temperature, 15min 


5.9 Place the culture plate upside-down at a suitable temperature for 24 hours, or until plaques develop [1-MED]. Here, plates were placed in a 37°C incubator for one day, a stimulating growth condition for E. coli and the T7 phage [2-WIDE-TXT].

5.9.1 Talent flips the Petri plates upside down
5.9.2 Talent transfers the Plates into a 37°C incubator, shuts the door. TEXT: 24 h, 37°C.

6 Data Analysis and Results

6.1 Plaques will appear after 1-5 days of incubation, depending on the bacterial species, incubation conditions and the choice of medium [1-WIDE].  Here, plaques were visible after 1 day of incubation at 37°C [2-CU-TXT]. 

6.1.1 Talent removes plates from the incubator. 
6.1.2 Shot of plates on the bench. TEXT: 1 day after incubation. 

6.2 Begin by, checking the plates marked “control” [1-MED] and ensure that no plaques were formed in these plates, as this would indicate viral contamination [2-ECU-TEXT]. 

6.2.1 Talent picks up a control plate and examines. 
6.2.2 Close up of control plate. TEXT: No plaque formation in control plate. Video editor: This shot wasn’t slated. 

6.3 To determine the phage titer in the original sample, start with the plates containing the most diluted phage sample first [1-CU] and count the plaques without removing the lids, marking them to indicate which ones have already been counted [2-ECU/LM]. 

6.3.1 Talent picks a 10-6 dilution plate 
6.3.2 Talent start marking plaques using a marker Talent counting plaques – Videographer, please also obtain a still image of a plate with a good number of plaques

6.4 Repeat the counting for each plate in every set [1-MED-over-the-shoulder]. Some plates might have too many or too few plaques to be counted [2-CU]. Consider 10 to 150 as an ideal plaque count [3-CU-TEXT]. 

6.4.1 Talent continues counting remaining plates
6.4.2 Show a close up of two plates containing- too many and too few plaques
6.4.3 Add and point to a third plate in the sequence that contains the ideal number of plaques. TEXT: Ideal count- 10 to 150 plaques


6.5 Using a spreadsheet tool, generate a table listing the plaque number values for the different dilutions and replicates [1-SCREEN]. Next, calculate the mean plaque number values for the dilution plates that contained the ideal number of plaque counts by using the formula ‘AVERAGE’ and then selecting the cells containing the relevant count replicates [2-SCREEN]. 

6.5.1 Talent entering data into cells of Table 1 (should be mostly filled out) Video editor: This shot wasn’t slated. 
6.5.2 Talent types in ‘AVERAGE’ and selects the appropriate cells from Table

6.6 [bookmark: _GoBack]In this example, these were the average number of plaques formed in 10-4 and 10-3 dilution plates respectively [1-SCREEN].

6.6.1 Highlight the average plaque numbers for the two dilutions

6.7 Now, adjust for phage dilution factor by multiplying the obtained mean plaque values by the respective phage dilution factors [1-SCREEN]. 

6.7.1 Talent enters formula and multiplies the mean values with 103 and 104 respectively.

6.8 As only 100L out of 1mL phage dilution mix was used during the Bacteria-phage overlay preparation step, generating an additional dilution factor of 10, multiply the generated values here by 10 [1-SCREEN].

6.8.1 Talent enters formula and multiplies the obtained values with factor 10  

6.9 Next, calculate the average of the plaque number values obtained from the different dilution plates [1-SCREEN]. This will give the number of “Phage Forming Units” or “PFUs” per mL [2-SCREEN].

6.9.1 Calculates the average using the formula- ‘AVERAGE’
6.9.2 Highlight the result of PFU

6.10 The number of PFUs corresponds to the number of infective phage particles in the original sample [1].

6.10.1 See storyboard 



 

