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[bookmark: _GoBack]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  
Can you record movies/images using your own microscope camera? (Y/N)__n.a._______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: n.a._____________________________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __ 4.3., 4.4., 5.1., 6.4. _________________________________________

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 using the step numbers listed in this document. (Please do not list entire sections.) __3.6. Success of this procedure is depending on the amplification of the disruption construct by 2nd PCR. Therefore we should confirm the 2nd PCR product by electrophoresis. 

E.  Will the filming need to take place in multiple locations? (Y/N) _Y______ If yes, how far apart are the locations? __only a minute apart_________________________________________________

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 procedure is to generate targeted gene-disrupted Streptococcus mutans strains using a 2-step fusion PCR and an electroporation. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Takatoshi Murata: This method can help answer key questions in the microbiology field, such as “How a gene of interest works”. 
1.2. Takatoshi Murata: The main advantage of this technique is that no enzymatic reaction other than PCR is required and competent cell preparation for electroporation is quite simple.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Khairul Matin: Though this method can provide insight into Streptococcus mutans, it can also be applied to other microbial species, such as Staphylococcus aureus.
1.4. Nobuhiro Hanada: Generally, individuals new to this method will struggle because they are not familiar with the effectiveness of nested primers for the 2nd PCR.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. **Takatoshi Murata: Demonstrating the procedure will be Dr. Ayako Okada, a research instructor from our laboratory.  
1.5.1. Interview style: Author saying the above 
1.5.2. The named research instructor looks up from workbench or desk or microscope and acknowledges the camera.













Protocol: (read by voice talent at JoVE)


2. Genomic DNA Extraction from S. mutans

2.1. To begin this procedure, streak stock S. mutans UA159 onto a brain heart infusion or BHI agar plate [1-MED] and incubate the plate overnight at 37 °C under anaerobic conditions. [2-MED]

2.1.1. Talent streaking stock S. mutans onto a BHI agar plate.
2.1.2. Talent putting the BHI agar plate into the incubator.

2.2. On the following day, use a sterilized toothpick to pick a single colony and inoculate it into 5 mL of BHI broth.  [1-CU] Incubate the S. mutans culture overnight at 37 °C under anaerobic conditions. [2-MED]

2.2.1. A single colony being picked with a toothpick from the BHI agar plate and inoculated into BHI broth in a culture tube.
2.2.2. Talent putting the culture tube into the incubator.

2.3. Next centrifuge the culture at 2,000 x g for 15 minutes. [1-MED-TXT] Remove the supernatant and resuspend the cell pellet in 5 mL of PBS. [2-CU]

2.3.1. Talent putting the culture tube (and a balance) into the centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later. TEXT: 2,000 x g; 15 min
2.3.2. *film as written.

2.4. Centrifuge again at 2,000 x g for 15 minutes. [1] Resuspend the resulting cell pellet in 200 µL of PBS. [2-CU]

2.4.1. Use shot from 2.3.1.
2.4.2. 200 µL of PBS being added to pellet (after supernatant has been removed) and pellet is resuspended.

2.5. Extract genomic DNA from the suspension using a bead-beating-based genomic DNA extraction kit. [1-MED] First transfer the cell suspension to a 2.0-mL sample tube containing glass beads. [2-CU] Then add 750 µL of lysis solution to the cell suspension. [3-CU] 

2.5.1. Talent setting out tubes and reagents from kit on bench top.
2.5.2. *film as written.
2.5.3. *film as written.

2.6. Cap the tubes tightly and place them symmetrically in the tube holder of the bead-beating disruption apparatus. [1-MED] Process at the maximum speed for 5 minutes. [2-CU]

2.6.1. Talent putting cap on two tubes and then placing them symmetrically in the tube holder.
2.6.2. Bead-beating is started.
 
2.7. Centrifuge the bead-beaten samples at 10,000 x g for 1 minute. [1-MED-TXT] Transfer the supernatant to a spin column in a 2.0-mL collection tube [2-CU] and centrifuge at 7,000 x g for 1 minute. [3-MED-TXT]

2.7.1. Talent putting two tubes into the centrifuge and starting the spin. TEXT: 10,000 x g; 1 min
2.7.2. *film as written.
2.7.3. Talent putting the spin filter/collection tubes into the centrifuge and starting the spin. Please get multiple usable takes; shot will be repeated later. TEXT: 7,000 x g; 1 min

2.8. Add 1,200 µL of DNA binding buffer to the filtrate and transfer 800 µL of the mixture to the spin column in a 2.0-mL collection tube. [1-CU] Centrifuge at 10,000 x g for 1 minute. [2-TXT]

2.8.1. *film as written.
2.8.2. Use shot from 2.7.3. TEXT: 10,000 x g; 1 min

2.9. Discard the flow-through, add 200 µL of pre-wash buffer to the spin column to wash the column matrix, [1-MED] and centrifuge at 10,000 x g for 1 minute. [2] Discard the flow-through, add 500 µL of wash buffer to the spin column to wash the column matrix, [3-CU] and centrifuge again. [4] 

2.9.1. *film as written for one sample.
2.9.2. Use shot from 2.7.3.
2.9.3. *film as written for one sample.
2.9.4. Use shot from 2.7.3.

2.10. Place each spin column into a new 1.5-mL microcentrifuge tube and add 100 µL of elution buffer to the column matrix. [1-MED] Centrifuge at 10,000 x g for 30 seconds to elute the genomic DNA. [2-MED-TXT]

2.10.1. *film as written for one sample.
2.10.2. Talent putting two spin column/microcentrifuge tubes into the centrifuge and starting the spin. TEXT: 10,000 x g; 30 s

2.11. Estimate the DNA concentration and purity by measuring the absorbance at 260 nm and 280 nm using a spectrophotometer. [1-MED-TXT] 

2.11.1. Talent at the spectrophotometer, measuring the absorbance of the DNA sample.  TEXT: Confirm A260/A280 ratio > 1.8



3. PCR Amplification

3.1. The 1st PCR is performed using the S. mutans wild type genome and the synthetic spcr (Voiceover: “spectinomycin-resistance”) gene as PCR templates. [1-LM] Three sets of primers are used to amplify, respectively, the upstream flanking region of the glucosyltransferase C or gtfC (Voiceover: “G.T.F.C”) gene, [2-LM] the downstream flanking region of the gtfC gene, [3-LM] and the spcr gene. [4-LM-TXT] 

3.1.1. 56319_Figure_1A.tif.
3.1.2. 56319_Figure_1A.tif. Circle the up-forward and up-reverse arrows (primers).  
3.1.3. 56319_Figure_1A.tif. Circle the down-forward and down-reverse arrows (primers).
3.1.4. 56319_Figure_1A.tif. Circle the spcr-forward and spcr-reverse arrows (primers).  Then add text below the graphics. TEXT: Refer to the text protocol for primer design, reagents, and amplification cycles.

3.2. Fractionate each PCR product on a 1% agarose gel. [1-MED] The size of each product from the 1st PCR should be approximately 1 kb. [2-LM] 

3.2.1. Talent loading PCR product on the agarose gel.
3.2.2. show ‘56319_Figure_2.tif’

3.3. Use a gel band cutter to excise the corresponding bands [1-MED] and purify each amplified DNA product as outlined in the text protocol. [21-MED-TXT] 

3.3.1. Talent cutting out a band and putting a gel slice into a microfuge tube. 
3.3.2. Talent adding binding buffer from kit to the tubes containing gel slices. (Author Comment: This shot was not filmed) TEXT: Refer to text protocol for gel extraction procedure.

3.4. The next step is to use the three approximately equimolar fragments as PCR templates to perform the 2nd PCR. These fragments are amplified and spliced using appropriate primers [1-LM] to produce the disruption construct. [2-LM]

3.4.1. 56319_Figure_1B.tif
3.4.2. 56319_Figure_1C.tif

3.5. Takatoshi Murata: “Since the success of this procedure depends on the amplification of the disruption construct by the 2nd PCR, it is important to confirm the 2nd PCR product by electrophoresis.” [1-INTERVIEW]

3.5.1. Author speaking to camera.

3.6. Load one-tenth of the PCR reaction mixture on a 0.8% agarose gel to confirm that the amplicon generated has the predicted band size. [1-MED]  In this example, nested primers gave much better amplification. [2-LM]
 
3.6.1. Talent loading 5 µL of PCR reaction mixture onto the agarose gel.
3.6.2. Show ‘56319_Figure_3.tif’

3.7. Transfer remaining PCR mixture to a new 1.5 ml microcentrifuge tube and add 55 µL of ultra-pure water to adjust the total volume to 100 µL. [1-CU] Add one-tenth volume of 3 M sodium acetate, pH 5.2, followed by 2.5 volumes of 100% ethanol and mix. [2-CU]

3.7.1. *film as written.
3.7.2. *film as written.

3.8. Freeze at -80 °C for 30 minutes. [1-MED] Centrifuge at 15,000 x g at 4 °C for 20 minutes. [2-MED-TXT]

3.8.1. Talent putting the tube into the -80 °C freezer.
3.8.2. Talent putting the tube (and a balance) into the centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later. TEXT: 15,000 x g; 4 °C; 20 min

3.9. When the centrifugation is done, check for the pellet at the bottom of the tube. [1-ECU] Discard the supernatant, wash the pellet with 1 mL of 70% ethanol, [2-MED] and centrifuge at 15,000 x g at 4 °C for 5 minutes. [3-TXT]

3.9.1. Shot of the tube to show the pellet at the bottom.
3.9.2. Talent pipets out the supernatant and adds 1 mL of 70% ethanol.
3.9.3. Use shot from 3.8.2. TEXT: 15,000 x g; 4 °C; 5 min

3.10. Discard the supernatant and air-dry the pellet for approximately 30 minutes. [1-MED]  Lastly, dissolve the pellet with 10 µL of ultra-pure water. [2-CU]

3.10.1. Talent pipets out the supernatant and leaves the tube open for pellet to air-dry.
3.10.2. 10 µL of ultra-pure water being added to the pellet in the tube.

4. Cell Transformation

4.1. Competent S. mutans UA159 cells were previously prepared and stored as 50-μL aliquots at –80 °C.  [1-MED-TXT] 

4.1.1. Talent taking out tubes of competent cells from –80 °C freezer and putting them on ice. TEXT:  Refer to text protocol for Competent Cell Preparation.

4.2. Mix each 50-μL aliquot of ice-cold competent cells with 5 μL of the disruption construct. [1-CU] Add the mixture to electroporation cuvettes with a 0.2-cm distance between electrodes. [2-CU]

4.2.1. *film as written for one sample.
4.2.2. Mixture being pipetted into an electroporation cuvette.

4.3. Perform electroporation using the Staphylococcus aureus mode of the electroporation apparatus. [1-MED-TXT] 

4.3.1. Talent putting cuvette into the electroporator, selecting the settings, and pulsing. TEXT: 1.8 kV; 600 Ω; 10 µF; 1 pulse

4.4. Immediately after electroporation, suspend the cells in 500 μL of BHI broth [1-CU] and add 50 μL of the suspension to spectinomycin-containing BHI agar plates. [2-CU]

4.4.1. 500 μL of BHI broth being added to the cuvette.
4.4.2. 50 μL of the suspension being added to a spectinomycin-containing BHI agar plate.

4.5. Incubate the plates for 2 to 6 days at 37 °C under anaerobic conditions. [1-MED]

4.5.1. Talent putting plates into the incubator. Please get multiple usable takes; shot will be repeated later.

5. Verification of Gene Disruption 

5.1. To verify the gene disruption, pick random colonies and inoculate them into a PCR mixture [1-MED] to perform colony PCR as described in the text protocol.  [2-MED]

5.1.1. Talent picking a colony and inoculating a PCR mixture.  
5.1.2. Talent putting PCR tubes into the thermo cycler. Please get multiple usable takes; shot will be repeated later.

5.2. Run the PCR reaction mixture on a 1% agarose gel to confirm the spectinomycin resistance-specific DNA band. [1-LM] 

5.2.1. 56319_Figure_4B.tif

5.3. Use sterilized toothpicks to pick the positive colonies and subculture each colony in 10 mL of spectinomycin-containing BHI broth [1-MED] for 2 days at 37 °C under anaerobic conditions. [2-MED]

5.3.1. *film as written for one colony.
5.3.2. Talent putting cultures tubes into the incubator.

5.4. After extracting genomic DNA from the cells, use the genomic DNA as the template to perform PCR for the verification of gtfC disruption. [1-MED]

5.4.1. Use shot from 5.1.2.

5.5. Run the PCR mixture on a 2% agarose gel and compare the amplified band size with the expected band size to confirm the generation of the appropriate amplicon. 
[1-LM] 

5.5.1. 56319_Figure_5B.tif



6. Phenotypic Analysis

6.1. Streak each S. mutans strain to be analyzed onto a BHI agar plate [1-MED] and incubate at 37 °C overnight under anaerobic conditions. [2]

6.1.1. Talent streaking a strain onto a BHI agar plate.
6.1.2. Use shot from 4.5.1.

6.2. Using a sterilized toothpick, pick a single colony and inoculate into 2 mL of BHI broth with or without an appropriate antibiotic. [1-MED] Incubate at 37 °C under anaerobic conditions overnight. [2-MED]

6.2.1. *film as written for one colony.
6.2.2. Talent putting culture tubes into the incubator.

6.3. Inoculate 20 μL of each overnight culture suspension into a glass test tube containing 2 mL of BHI broth containing 1% or 5% sucrose without antibiotics. [1-CU] Culture the cells with the test tubes in an inclined position at 37 °C under anaerobic conditions overnight. [2-MED]

6.3.1. *film as written for one culture.
6.3.2. Talent putting the tubes in an inclined position in the incubator.

6.4. On the following day, vortex the glass test tubes for 10 seconds and decant the culture suspensions. [1-CU] Wash the test tubes twice with distilled water. [2-MED-TXT] 

6.4.1. One test tube being vortexed and then the culture suspension is decanted.
6.4.2. Water is added to one test tube and then removed.  TEXT: Wash 2x with dH2O

6.5. To stain the biofilms on the tube wall, add 1 mL of 0.25% Coomassie brilliant blue to each tube, shake gently and incubate for 1 minute at room temperature. [1-MED] 

6.5.1. *film as written for one tube.

6.6. Decant the staining solution, wash the test tubes three times with distilled water, [1-MED-TXT] and dry the test tubes by keeping them upside down at room temperature for 10 to 30 minutes. [2-MED]

6.6.1. Talent decants staining solution from one tube, then adds water and removes water. TEXT: Wash 3x with dH2O
6.6.2. Talent putting test tubes upside down at room temperature.

6.7. Evaluate both the color density and extension of the Coomassie brilliant blue stained-biofilm visually to determine the biofilm-forming ability. [1-MED]

6.7.1. Talent visually inspecting each of the tubes.

7. Results: 2-step fusion PCR generates S. mutans strains with gene disruptions 

7.1. This schematic shows the PCR strategy for verification of gtfC disruption using S. mutans genomic DNA as a template [1-LM] and four primer sets. [2-LM] In a representative gel electrophoresis of the PCR products, each circled lane number indicates the corresponding primer set. [3-LM]

7.1.1. Show ‘56319_Figure_5A.tif’
7.1.2. 56319_Figure_5A.tif.  Highlight the circled 1,2,3,4
7.1.3. Add ‘56319_Figure_5B.tif’ below Figure 5A.

7.2. PCR products obtained by amplification using the gtfC-specific primer set were confirmed in wild type S. mutans, [1-LM] but not in gtfC-disrupted S. mutans, [2-LM] whereas PCR products obtained using the spcr-specific primer set were confirmed in gtfC-disrupted S. mutans, [3-LM] but not in wild type S. mutans. [4-LM] 

7.2.1. 56319_Figure_5B.tif. Highlight the circled 1 and 2 in the left gel (Wild type)
7.2.2. 56319_Figure_5B.tif. Highlight the circled 1 and 2 in the right gel (gtfC)
7.2.3. 56319_Figure_5B.tif. Highlight the circled 3 and 4 in the right gel (gtfC)
7.2.4. 56319_Figure_5B.tif. Highlight the circled 3 and 4 in the left gel (Wild type)

7.3. The sucrose-derived biofilm-forming ability of each S. mutans strain was examined by Coomassie brilliant blue staining. [1-LM]

7.3.1. 56319_Figure_6.tif

7.4. In the presence of sucrose, an adherent biofilm was formed by wild type S. mutans. [1-LM] The adherent biofilm-forming ability of gtfB-disrupted (Voiceover: “G.T.F.B. disrupted) S. mutans was lower than that of wild type S. mutans. [2-LM] gtfC-disrupted S. mutans exhibited very low adherent biofilm formation in the presence of sucrose. [3-LM]

7.4.1. 56319_Figure_6.tif.  Circle the two blue WT tubes. (1% sucrose and 5% sucrose)
7.4.2. 56319_Figure_6.tif.  Circle the two light blue gtfB tubes. (1% sucrose and 5% sucrose)
7.4.3. 56319_Figure_6.tif.  Circle the two barely blue gtfC tubes. (1% sucrose and 5% sucrose)


8. Conclusion (said by authors on camera)
8.1. Takatoshi Murata: Once mastered, the gene-disrupted strain can be generated in 7 days if the procedure is performed properly.
8.2. Takatoshi Murata: After its development, this technique paved the way for researchers in the field of microbiology to explore gene function in bacteria.
8.3. Takatoshi Murata: After watching this video, you should have a good understanding of how to generate targeted gene-disrupted bacterial strains.
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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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