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Author Questionnaire
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

2. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.


☒ 	Interview Statements are read by JoVE’s voiceover talent. 


3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews: 10/01/2026


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare.


Current Protocol Length

Number of Steps: 17
Number of Shots: 61

Interviews 


Authors: The statements are edited for length and clarity. To avoid repetition, we have included only three interview statements that provide unique information. 

INTRODUCTION:
NOTE to VO: Please record the introductory and conclusion interview statements.

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. This protocol aids in understanding how specific mutations affect the physiology and drug-resistance profiles of Mycobacterium tuberculosis.
1.1.1.  2.6.3 and 2.7.1

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Existing untargeted mutagenesis methods lack specificity. This protocol addresses this limitation by enabling site-directed generation of specific mutations, including those unrelated to drug resistance.
1.2.1.    2.4.3. and 2.4.4

CONCLUSION:
1. 
1.1. 
1.2. 
1.3. 
Are there any additional methods or analyses that can be performed following this procedure?
1.3. Following this procedure, researchers can generate complete gene deletions, exchange promoters, or introduce fluorescent protein tags in addition to specific single-nucleotide polymorphisms.
1.3.1.   2.9.3. and 3.7.3



Protocol  

2. Mycobacterium tuberculosis Transformation 
Demonstrator: Christian Otum

2.1. Begin by obtaining electrocompetent Mycobacterium tuberculosis cells and transfer an aliquot of the culture to a 1-milliliter cuvette [1]. Confirm an optical density at 600 nanometers of 0.6–1.0 [2], and harvest the cells by centrifugation at 3,000  g for 10 minutes [3]. 
2.1.1. WIDE: Talent placing Mycobacteria tuberculosis cells in a biosafety cabinet and transferring aliquote in 1 mL cuvette
2.1.2. SCREEN: OD of the cells being recorded
2.1.3. Talent placing tubes in the centrifuge

Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page: https://review.jove.com/account/file-uploader?src=21884103 

2.2. Discard the supernatant [1] and wash the harvested cells three times with cold 10% glycerol [2]. Finally, discard the supernatant and resuspend the cells in 10% glycerol to obtain a concentration of 10¹¹ cells per milliliter [3]
2.2.1. Talent discarding the supernatant
2.2.2. Talent placing tubes in the centrifuge
2.2.3. Talent discarding the supernatant and resuspending in 10% glycerol 

2.3. Take 95 microliters of electrocompetent Mycobacterium tuberculosis cells in two 1.5-milliliter microcentrifuge tubes [1]. Add 100 nanograms of pJV75amber (P-J-V-seventy-five amber) plasmid DNA in one tube, and for the negative control, add 5 microliters of nuclease-free water to another tube [2]. Mix each tube gently by pipetting [3]. 

2.3.1. Talent adding 95 μL of the M. tuberculosis cells in separate 1.5 mL centrifuge tubes
2.3.2. Talent adding 100 ng of plasmid DNA to one tube containing electrocompetent M. tuberculosis cells and 5 μL of nuclease-free water in other tube
2.3.3. Talent mixing the content int two tubes by pipetting up and down

2.4. Transfer each cell mixture into a separate 0.2-centimeter electroporation cuvette and incubate at room temperature for 30 minutes [1]. Gently tap each to remove any bubbles, if present [2], and place each cuvette into the sample chamber of the electroporator [3]. Apply a pulse at 1,000 ohms, 2.5 kilovolts, and 25 microfarads, with an optimal time constant of 15–25 milliseconds [4].

2.4.1. CU: Talent transferring each mixture to a 0.2-centimeter electroporation cuvette and keeping them aside for 30 minutes
2.4.2. CU: Talent gently tapping the cuvette to remove any bubbles 
2.4.3. Talent placing the cuvette in the electroporator  
2.4.4. Talent applying the pulse  

2.5. Immediately add 900 microliters of 7H9-OADC (Seven-H-nine-O-A-D-C)-Tween medium and mix by pipetting [1]. Transfer 1 milliliter each of the sample and control cell suspensions separately into 50-milliliter tubes [2] and incubate at 37 degrees Celsius for 48 hours [3].

2.5.1. Talent adding 900 μL of medium and mixing by pipetting up and down 
2.5.2. Talent transferring the sample and control cell suspensions into 50 mL tubes 
2.5.3. Talent placing the tubes at 37 °C

2.6.  Harvest the cells by centrifugation at 3,000 g for 15 minutes [1]. Remove the media and resuspend the resulting cell pellet in 200 microliters of 7H9-OADC-Tween [2]. Plate 100 microliters of the culture onto 7H11-OADC (Seven-H-eleven-O-A-D-C) agar containing 25 micrograms per milliliter kanamycin [3], and incubate at 37 degrees Celsius for 21 days [4]. 
2.6.1. Talent placing the tubes in the centrifuge and closing the lid
2.6.2. Talent removing the medium and resuspending the cell pellet in 200 μL of 7H9-OADC-Tween
2.6.3. Talent plating 100 μL of culture on agar plate
2.6.4. Talent placing the plates at 37 °C 

2.7. Pick individual pJV75amber-transformed colonies into 15 milliliter centrifuge tubes with two milliliters of 7H9-OADC broth containing 0.05% Tween 80 and 25 micrograms per milliliter kanamycin [1]. Incubate the cultures at 37 degrees Celsius for 7 days [2]. Then, transfer 200 microliters of the cultures to 1.5-milliliter microcentrifuge tubes [3] and heat the tubes at 80 degrees Celsius for 60 minutes to release the plasmid DNA [4]. 
2.7.1. CU: Talent picking an individual colony and transferring the colony into culture medium in 15mL tube
2.7.2. Talent placing the cultures at 37 °C
2.7.3. Talent transferring the culture into a microcentrifuge tube 
2.7.4. Talent placing the tube on a heating block at 80°C 

2.8. To the remaining culture, add an equal volume of 50% glycerol [1] and store at minus 80 degrees Celsius [2]. Centrifuge the heat-treated cultures at 16,000  g for 15 minutes at room temperature to pellet the cells [3]. Carefully collect 1 microliter of the plasmid DNA-containing supernatant [4].
2.8.1. Talent adding glycerol to the remaining cultures
2.8.2. Talent placing the cultures at -80°C 
2.8.3. Talent placing the tube in the centrifuge and closing the lid 
2.8.4. CU: Talent collecting 1 microliter of the supernatant 

2.9. Set up the PCR reaction mixture [1] [2] and perform the PCR [3] [4]. 
2.9.1. CU: Representative shot of talent adding primers in a PCR tube.
2.9.2. TEXT ON A PLAIN BACKGROUND:
Reaction Mixture
	Reagents
	Volume (μL)

	Forward primer
	1.25  

	Reverse Primer
	1.25

	Taq master mix
	12.5

	Template DNA
	1

	Water
	To a final volume of 25 µL


Video Editor: Please use a split-screen layout, showing the talent adding the primers in a PCR tube on one side (2.8.1) and the reagents volume on the other side (2.8.2)

2.9.3. Talent placing the tubes in the PCR and closing the lid  
2.9.4. TEXT ON A PLAIN BACKGROUND:

PCR Conditions
	
	Temperature
	Time
	Cycle

	Initial Denaturation
	95 °C
	3 minutes
	

	Denaturation
	95 °C
	30 seconds
	35 cycles

	Annealing
	55°C
	30 seconds
	

	Extension
	72 °C
	45 seconds
	

	Final Extension
	72 °C
	5 minutes
	


Video Editor: Please use a split-screen layout, showing the talent placing the tubes into the PCR instrument on one side (2.8.3) and the PCR cycling parameters on the other side (2.8.4)

2.10.  Analyze the PCR products on a 1% agarose gel at 150 volts for 45 minutes [1]. Identify colonies showing the expected 700-base-pair aph (A-P-H) band [2].

2.10.1. Talent adding the sample into the wells of the gel and starting the run
2.10.2. SCREEN: Agarose gel image showing the expected 700-bp aph band in the confirmed pJV75amber-containing colonies

3. Recombineering and Screening of Recombinants
Demonstrator: Christian Otum

3.1. Inoculate a confirmed pJV75amber single colony into 20 milliliters of 7H9-OADC-Tween supplemented with 25 micrograms per milliliter kanamycin and 0.2% succinate [1]. Incubate the culture at 37 degrees Celsius until an optical density at 600 nanometers reaches 0.6 [2]. Then, harvest the cells at an optical density at 600 nanometers of 0.6-1.0 [3] and discard the supernatant [4]. After washing the cells three times with cold 10% glycerol, resuspend them in 10% glycerol to obtain a cell concentration of 1011 cells per milliliter [5]. 

3.1.1. Talent adding a single colony into 20 milliliters of 7H9-OADC-Tween 
3.1.2. Talent placing the culture at 37 °C  
3.1.3.   Reuse 2.1.3
3.1.4.   Reuse 2.2.1
3.1.5.   Reuse 2.2.3

3.2. Add acetamide to a final concentration of 0.2% [1]. Incubate overnight at 37 degrees Celsius [2].
3.2.1. Talent adding acetamide to the cell suspension
3.2.2. Talent placing the culture at 37 °C 

3.3. Arrange labeled electroporation cuvettes containing 100 microliters of induced, competent Mycobacterium tuberculosis cells [1]. Add the appropriate oligonucleotide or control solution to each sample and control cuvette [2][3]. Mix each preparation gently by pipetting [4].
3.3.1. Talent arranging the labeled electroporation cuvettes.
3.3.2. CU: Shot of Talent adding DNA or control solution in respective labeled cuvettes
3.3.3. TEXT ON A PLAIN BACKGROUND:
Sample and Control Conditions
	Labeled Cuvettes
	Addition

	Sample
	1 µg JCV198 ssDNA and 1 µg recombineering ssDNA oligonucleotide

	Positive control
	1 µg JCV198 ssDNA 

	Negative Control
	2 µL of nuclease-free water


Video Editor: Please use a split-screen layout, showing the shot 3.3.2 on one side and the shot 3.3.3 on the other side 
3.3.4. CU: Talent gently mixing the cuvette contents by pipetting

3.4. Electroporate the cells by applying a pulse at 1,000 ohms, 2.5 kilovolts, and 25 microfarads, with an optimal time constant of 15–25 milliseconds [1]. Immediately add 900 microliters of 7H9-OADC-Tween medium and mix by pipetting [2]. Transfer 1 milliliter each of the sample and control cell suspensions separately into 50-milliliter tubes [3], and incubate at 37 degrees Celsius for 48 hours [4]. 
3.4.1. Talent applying the pulse  
3.4.2. Talent adding 900 μL of medium and mixing by pipetting up and down 
3.4.3. Talent transferring the sample and control cell suspensions into 50 mL tubes 
3.4.4. Talent placing the tubes at 37 °C

3.5. Harvest the cells by centrifugation at 3,000 g for 15 minutes [1]. Remove the medium and resuspend the resulting cell pellet in 200 microliters of 7H9-OADC-Tween [2]. Plate 100 microliters of each transformation culture on 7H11-OADC agar with and without 50 micrograms per milliliter hygromycin [3]. Incubate at 37 degrees Celsius for 21 days [4]. Pick single colonies of recombinant Mycobacterium tuberculosis cells and inoculate into 5 milliliters of 7H9-OADC-Tween containing hygromycin [5].
3.5.1. Talent placing the tubes in the centrifuge and closing the lid
3.5.2. Talent removing the medium and resuspending the cell pellet in 200 μL of 7H9-OADC-Tween
3.5.3. Talent plating 100 µL of culture on agar plates
3.5.4. Talent placing the culture at 37 °C 
3.5.5. CU: Talent picking the single colony and inoculating in 5 mL of medium

3.6. Incubate the cultures at 37 degrees Celsius for 7 days [1]. Transfer 200-microliter aliquots of overnight culture into sterile 1.5-milliliter microcentrifuge tubes, retaining the remaining cultures at 4 degrees Celsius or as glycerol stocks [2]. Heat-kill the aliquots at 80 degrees Celsius for 1 hour [3] and centrifuge at 16,000 g for 5 min at room temperature to pellet debris [4]. 
3.6.1. Talent placing the cultures at 37°C 
3.6.2. Talent transferring 200 µL of culture into sterile microcentrifuge tubes 
3.6.3. Talent placing the tubes on a heat block for 1 hour
3.6.4. Talent placing the tubes in a centrifuge and closing the lid

3.7. Using the supernatant, perform PCR [1] and process the sample for Sanger sequencing to confirm the single nucleotide variant of interest [2]. Finally, map the sequence to the reference to verify the single nucleotide variant and absence of additional mutations [3].
3.7.1. Talent placing the tubes in the PCR and closing the lid 
3.7.2. CU: Talent aliquoting the sample to the tube labeled as Sanger sequencing
3.7.3. SCREEN: Sequence alignment against the reference being done   


Results
4. Results 

4.1. Recombineering of Mycobacterium tuberculosis generated the Ile66Val (isoleucine-sixty-six-valine) mutation in two of the screened colonies[1]. One colony showed a mixed wild-type and mutant sequence at the variant position [2], whereas another showed the pure mutant G nucleotide [3].
4.1.1. LAB MEDIA: Figure 10: Video Editor: Please show the complete figure containing the top and bottom sequence-alignment panels
4.1.2. LAB MEDIA: Figure 10: Video Editor: Please zoom into the red-circled area in the top panel, near position 196 and highlight the pink letter “R” 
4.1.3. LAB MEDIA: Figure 10: Video Editor: Please zoom into the red-circled area in the bottom panelat the same position and highlight the red letter “G”


4.1.4. 
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