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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? N

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3.2, 3.1.1, 3.2.1., 4.4.1., 4.8.2 and 4.11.5.

4. 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.)
2.4.
Since the success of this method depends on the amplification of the DNA construct by 2nd PCR, an appropriate nested primer pairs should be designed and used (instead of the outermost primer pairs: gtfC-forward and spcr-reverse).

5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? Within a minute.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

Takatoshi Murata: This method can help answer key questions in the microbiology field, such as “How a gene product that is difficult to express in E. coli purifies” [1].
INTERVIEW

Masao Ishikawa: The main advantages of this technique are that no enzymatic reaction other than PCR is required and common applications for protein purification can be used [1].
INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

Nobuhiro Hanada: Though this method can provide insight into protein purification in Streptococcu mutsns, it can also be applied to other microbial species [1].
INTERVIEW


Introduction of Demonstrator: (Said by you on camera)

Takatoshi Murata: Demonstrating the procedure will be Dr. Mamiko Yamashita, a grad student from my laboratory.  
Interview style: Author saying the above 
The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Section - Protocol
PCR Amplification
After primer design and genomic DNA extraction from S. mutans (pronounce as Streptococcus mutans), perform the first PCR [1] using the wild-type S. mutans and S. mutans ∆gtfC (pronounce as G-T-F-C disrupted Streptococcus mutans) genome as the PCR templates [2-LM]. 
Talent operates on the thermal cycler.
Figure 1 – Video editor: show the first two schematics only.
Amplify the regions harboring the downstream part of the gtfC (pronounce as G-T-F-C) gene and those harboring spcr (pronounce as spectinomycin resistance gene) using the prepared gtfC-forward and reverse primer, and spcr-forward (pronounce as S-P-C-R-forward) and reverse primer [1-LM].
Figure 2A – Video editor: emphasize the four primers, gtfC-forward and reverse, spcr-forward and reverse.
Then, electrophorese each PCR product on 1% agarose gel [1]. Use a gel band cutter to excise the desired DNA fragments of approximately 1,000 base pairs and 2,000 base pairs from the gel into microcentrifuge tubes [2].
Shot of the electrophoreses.
CU: Talent excisies the DNA fragments and put them into each microcentrifuge tube.  Important Step NO SLATE TOO DARK
Add 500 microliters of solubilizing buffer into each tube, and incubate them for 10 minutes at 56 degrees Celsius to dissolve the gel slices [1]. Purify the fragments using silica membrane-based gel extraction method [2-TXT].
Talent adds solubilizing buffer to each tube and places them into incubator.  2 TAKES
Talent loads the dissolved sample into the column of the extraction kit. TEXT: Ref. JoVE Science Education Database, Journal of Visualized Experiments. (2019) Redid the tip replacement
Perform a second PCR using the products of the first PCR [1] as PCR templates with the nested-forward and nested-reverse primers [2-LM]. 
Talent places tubes into a thermal cycler. Critical Step Same as 2.1.1
Figure 2A&B – Video editor: emphasize Figure 2B
Takatoshi Murat: When the 2nd PCR product cannot be confirmed by electrophoresis, another nested primers pair should be designed [1].
INTERVIEW Misslated as 6.1.1
Electrophorese 5 microliters of the PCR mixture on the agarose gel [1]. Confirm the generation of the appropriate amplicon of approximately 3,000 base pairs by EtBr (pronounce as ethidium bromide) gel staining image, and proceed according to the manuscript [2].
Talent performs electrophorese. Same as 2.3.1 
Talent confirms generation of amplicon. No slate too dark
Added shot 2.7.2 A
Cell Transformation
Now, mix 5 microliters of the concentrated second PCR product to the 50-microliter aliquot of ice-cold competent wild-type S. mutans cells frozen previously [1].
Talent mixes the PCR product with the cells. Important Step Shot 3.1.1 3.2.1 and 3.2.2 together 
Add the mixture into electroporation cuvette, and place the cuvette into the cuvette chamber of the electroporation apparatus [1]. Give a single electric pulse of 1.8 kilovolts, 600 ohms, and 10 microfarads for 2.5 milliseconds to the cells [2]. 
Talent adds mixture into the electroporation cuvette and place into the apparatus. Important Step
CU: Talent operates on the apparatus. Close up of the apparatus screen.
Added shot 3.2.2A CU
Add 500 microliters of brain heart infusion broth into the cuvette [1]. Immediately, spread 10 to 100 microliters of the suspension onto BHI (pronounce as brain heart infusion) agar plates containing spectinomycin [2]. 
Talent adds broth into a cuvette.
CU: Talent spreads the mixture onto a plate.
Incubate the plates for 2–6 days at 37 degrees Celsius [1] until colonies have grown sufficiently to be picked up [2].
Talent places plates into incubator. Misstate 4.1.2 
CU: Talent picks up colonies.
Purification of Polyhistidine-tagged GTF-SI
After generation of S. mutans (pronounce as Streptococcus mutans) His-gtfC (pronounce as polyhistidine-coding sequence incorporated strain) [1-LM], and overnight inoculation without spectinomycin according to the manuscript, centrifuge the bacterial culture suspension for 20 minutes at 10,000 times g at 4 degrees Celsius [2]. Transfer the culture supernatant into a 3-liter glass beaker [3].
Figure 1 – Video editor: show the third schematic only.
Talent decants the suspension into centrifuge bottles and places them into centrifuge. Added shot 4.1.2A centrifuge
CU: Talent transfers supernatant into a beaker.
To concentrate the proteins from the culture supernatant, place the 2-liter supernatant on a magnetic stirrer and start vigorous stirring [1]. Add 1,122 grams of ammonium sulfate [2], and allow the precipitate to form with vigorous stirring at 4 degrees Celsius [3] over a 4-hour period or overnight [4].
Talent places the beaker on a stirrer and starts stirring.
Talent adds compound.
Talent places the beaker into an incubator.
CU: Close up of the precipitate.
Next, centrifuge the ammonium sulfate-precipitated solution at 15,000 times g for 20 minutes at 4 degrees Celsius [1]. Decant the supernatant [2]. 
Talent decants the solution into centrifuge bottles and places them into centrifuge. Added shot 4.3.2A centrifuge
Talent decants supernatant.
With a spatula, collect the precipitate and transfer it into a 200-milliliter glass beaker [1]. Resuspend the pellets in 75 35 milliliters of binding buffer [2-TXT]. 
CU: Talent collects the precipitate and places into a beaker. Important Step
Talent adds buffer into the beaker. TEXT: binding buffer: 50 mM NaH2PO4, 300 mM NaCl, 5 mM imidazole, pH 8.0
Then, transfer each approximately 50 25 milliliters of the suspension into a regenerated cellulose dialysis tubing [1]. Place the dialysis tubing into 2.5 liters of the stirring binding buffer [2] on a stirrer at 4 degrees Celsius to dialyze the suspension [3]. Replace the dialysis solution after 2 hours and continue dialysis overnight [4].
Talent transfers suspension into a dialysis tubing. Added shot 4.5.1A CU
Talent places the tubing into buffer.
Talent places the buffer on a stirrer at 4 degrees Celsius.
Talent replaces the dialysis solution.
Next, transfer the dialyzed suspension from the tubing to centrifuge tubes, and place the tubes in the centrifuge at 20,000 times g for 10 minutes at 4 degrees Celsius [1]. With suction filtration equipment, pour the supernatant over a 0.2-micrometer membrane filter to filter [2]. Transfer the filtrate to a 75-milliliter flask [3].
Talent transfers the suspension into centrifuge tubes and places them in centrifuge. Added shot 4.6.1A centrifuge tubes and 4.6.1B centrifuge
Talent filters the supernatant.
Talent transfers the liquid to a flask.
To fractionate the polyhistidine-tagged GTF-SI (pronounce as G-T-F-S-I) from the filtrated suspension, first prepare an IMAC (pronounce as immobilized metal affinity chromatography) [1]. After equilibrating the resin according to the manuscript, close the Hoffmann pinch cock [2].
Talent prepares IMAC.
CU: Talent closes the cock.
Add 5 milliliters of the filtered suspension into the column to make a slurry [1]. Then, transfer all the slurry to the remaining filtered suspension, and swirl the mixture gently for 30 minutes at 4 degrees Celsius [2].
Talent adds 5 mL suspension into the column.
Talent transfers the slurry to the suspension, and places the flask on a shaker. Important Step Added shot 4.8.2A places the flask on a shaker
Load the mixture back into the column [1]. Open the Hoffmann pinch cock to remove the suspension by the gravity flow [2]. Wash the IMAC resin with 20 milliliters of binding buffer [3], and then, elute 20 milliliters of elution buffer to obtain the recombinant GTF-SI [4-TXT].
Talent transfers the mixture from the flask into the column.
CU: Talent opens the cock, with view of the flow.
Talent adds buffer into the column, with view of the flow at the bottom.
Talent adds another buffer into the column, with view of the collection of eluate at the bottom. TEXT: elution buffer: 50 mM NaH2PO4, 300 mM NaCl, 500 mM imidazole, pH 8.0 Missltate 4.10.1 
After that, load the eluate into a centrifugal ultrafiltration tube [1], and centrifuge the solution at 2,000 times g for 1 to 5 minutes to concentrate the solution [2]. 
CU: Talent loads the eluate into the tube. 
Talent places the tube into a centrifuge. Added some extra angles 4.10.2A and 4.10.2 B
Empty filtrate container [1] and add 15 milliliters of storage buffer into the tube [2-TXT]. Centrifuge the sample again and repeat the process two additional times [3]. The recombinant GTF-SI solution is finally concentrated to approximately 1 milliliter [4].
CU: Talent removes the filtrate.
CU: Talent adds the storage buffer into the tube. TEXT: storage buffer: 50 mM phosphate buffer, pH 6.5 Important Step
Talent places the tube into a centrifuge. Same as 4.10.2 
CU: Talent shows the tube with 1 mL of solution. 
Transfer the concentrate into a microcentrifuge tube [1], and store at 4 degrees Celsius. Continue with the rest functional restoration protocol [2].
Talent transfers the solution into a microcentrifuge tube.
Talent places the microcentrifuge tube in a refrigerator.



Section – Results
Results: Generation of S. mutans His-gtfC and Functional Restoration
In this protocol, the Agarose gel electrophoresis shows that the size of each amplicon from the first PCR [1] and the second PCR [2] corresponded with the predicted size [3]. 
Figure 3 – Video editor: emphasize Figure 3A
Figure 3 – Video editor: emphasize Figure 3B
Table 1 – Video editor: emphasize the size for 1st and 2nd PCR
S. mutans colonies were transformed with the second PCR product and plated on the BHI agar plates containing spectinomycin [1]. Colony PCR products run on the agarose gel shows [2] that each amplicon was of the predicted size [3]. 
Figure 4 – Video editor: emphasize Figure 4A
Figure 4 – Video editor: emphasize Figure 4B
Table 1 – Video editor: emphasize the size for colony PCR
Protein purified with IMAC (pronounce as immobilized metal affinity chromatography) was observed as a single band by SDS-PAGE [1]. Western blot performed using the anti-polyhistidine antibody confirmed that the observed band was the expected polyhistidine-tagged protein of 160 kilodaltons [2].
Figure 5 – Video editor: emphasize Figure 5A
Figure 5 – Video editor: emphasize Figure 5B
The sucrose-derived biofilm-forming ability was only seen with S. mutans wild type and S. mutans His-gtfC, which formed an adherent biofilm on the tube wall in the presence of 1% sucrose [1]. This was not observed in S. mutans ∆gtfC [2].
Figure 6 – Video editor: emphasize Figure 6A, the right three tubes.
Figure 6 – Video editor: emphasize Figure 6A, the left three tubes.
However, the addition of 25 micrograms of the recombinant GTF-SI restored the adherent biofilm formation ability in S. mutans ∆gtfC [1].
Figure 6 – Video editor: emphasize Figure 6B, and then emphasize the right most tube.

Section - Conclusion
Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Takatoshi Murata: Since the success of this method depends on the 2nd PCR amplification, the 2nd PCR product must be confirmed by electrophoresis [1].
INTERVIEW
Takatoshi Murata: Polyhistidine-tagged protein obtained by this method is also convenient for functional assays, such as protein-protein interactions [1].
INTERVIEW
Takatoshi Murata: After its development, this technique in combination with gene disruption paved the way for researchers in the field of microbiology to explore gene function [1].
INTERVIEW
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