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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? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
To be filmed and sent over.
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.) 3.5  
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.)
3.5: Pipetting the upper phase of the chloroform – phenol mixture without touching the middle and lower phase of the mixture. 
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


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.


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

1.1. Wilber Sabiiti: _This tuberculosis Molecular Bacterial Load Assay answers three key questions: 1) what is the magnitude of the patient’s tuberculosis burden?, 2) how does the patient disease burden respond to the anti-tuberculosis medication?, and 3) what is the relationship between disease burden and treatment outcome.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Wilber Sabiiti: This assay produces quantitative results of the patient tuberculosis burden and how this burden changes with treatment in a short-time.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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

1.3. Wilber Sabiiti: With modification, this methodology can be applied to quantifying other bacterial pathogens. We already have similar technology developed for diagnosis of non-tuberculous mycobacteria (NTM) and bacteria associated with exacerbation of Chronic Obstructive pulmonary Disease (COPD).

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.4. Wilber Sabiiti: When performing this technique for the first time, watch the video and practice the steps. It is good to practice with samples that are not needed for patient diagnostic results.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Wilber Sabiiti: Visual demonstration of this technique is critical because it simplifies learning and mastering the method and especially parts of the method that are difficult to illustrate in text.

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)


1.6. Wilber Sabiiti: Demonstrating the procedure will be Vincent, a postdoc, and Daniela and Evelin, PhD students from my laboratory. 

1.6.1. INTERVIEW: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.





Section - Protocol
2. Sample Preparation and Heat Inactivation
2.1. Start by preparing the cell cultures [1]. On a clean lab bench or class 1 cabin, harvest 1-milliliter aliquots of exponential phase Bacillus Calmette-Guérin, or BCG, culture into 15-milliliter plastic tubes [2] and tightly close them [3]. 
2.1.1. WIDE: Establishing shot of talent walking to the workstation with the culture in hand. 
2.1.2. Talent aliquoting the culture into a few tubes. 
2.1.3. Talent tightly closing a tube. 
2.2. When preparing patient sputum samples, work in a well-ventilated space and follow the guidelines in the GLI Stop TB handbook [1-TXT]. Carefully open the specimen cup and pipette 1 milliliter aliquots into 15-milliliter plastic centrifuge tubes [2], then tightly close the tubes [3]. 
2.2.1. Talent preparing to work with the sputum in the appropriate area, wearing appropriate PPE. TEXT: Global Laboratory Initiative and StopTB Partnership (2013) Laboratory diagnosis of tuberculosis by sputum microscopy. Global Edition, SA Pathology, South Australia
2.2.2. Talent opening the specimen cup and pipetting an aliquot into a centrifuge tube.
NOTE: 2.2.1 and 2.2.2 all in one video shot.
2.2.3. Talent tightly closing the lid. 
2.3. Transfer the sample tubes to a holding rack immersed in a water bath that is preheated to 95 °C, making sure that three-fourths of each tube is immersed [1]. Boil the samples for 20 minutes [2], then transfer the tubes to the bench to cool at room temperature for 5 minutes [3].  
2.3.1. Talent transferring tubes to the rack. 
2.3.2. Tubes in the water bath. 
NOTE: 2.3.1 and 2.3.2 all in one video shot.
2.3.3. Talent transferring tubes out of the water bath to the lab bench.

3. RNA Extraction 
3.1. Perform RNA extraction in a fume hood if using a kit with phenol, chloroform or 2-Mercaptoethanol [1]. Transfer 1-milliliter aliquots of the heat inactivated sample to 1.5-milliliter tubes [2-TXT] and spike 100 microliters of extraction control into each sample [3]. Close the tubes and mix them by inverting 3 times [4]. 
3.1.1. WIDE: Talent working in a fume hood.
3.1.2. Talent transferring aliquots from one sample. 
3.1.3. Talent adding the extraction control to the tubes. 
3.1.4. Talent closing the tubes and inverting them.  
3.2. Centrifuge the tubes at 20,000 x g for 10 minutes [1]. Then, aspirate the supernatant, leaving 50 microliters of sediment [2]. Resuspend the sediment in 950 microliters of lysis buffer by pipetting [3 or 3.1] and transfer the whole suspension into the lysing matrix tube supplied with the RNA extraction kit [4 or 5]. 
3.2.1. Talent putting the tubes in the centrifuge, closing the lid, and starting it.
3.2.2. Talent aspirating supernatant. 
3.2.3. Talent resuspending the sediment and pipetting up and down. 
3.2.3.1. Added shot: same as 3.2.3 but close up shot.
3.2.4. Talent transferring the lysate into the proper tube. 
3.2.5. Added shot: same as 3.2.4 but wide shot.
3.3. Tightly close the tubes and ensure that they are labeled on both the lid and the side [1], then homogenize the samples for 40 seconds at 6,000 rpm [2]. Centrifuge the lysate at 12,000 x g for 5 minutes at room temperature [3]. Meanwhile, prepare fresh 1-milliliter tubes and add 300 microliters of chloroform [4]. 
3.3.1. Talent closing the lid, with the tube labels on the side and top in the shot. 
3.3.2. Samples in the homogenizer. 
3.3.3. Talent putting the tubes in the centrifuge, closing the lid, and starting it. 
3.3.4. Talent adding chloroform to fresh tubes. 

3.4. Use a 1-milliliter pipette to carefully aspirate the supernatant without touching the lysing matrix [1 or 1.1] and transfer it to the tube with the chloroform [2]. Vortex the tubes for 5 seconds and leave them to settle for 5 minutes [3] or until three phases are clearly visible [4]. 

3.4.1. Talent aspirating supernatant. 
3.4.1.1. Added shot: same as 3.4.1 but close up shot.
3.4.2. Talent adding supernatant to a tube with chloroform. 
3.4.3. Talent vortexing the tubes and setting. 
3.4.4. Tube with the three phases visible. 

3.5. Centrifuge the tubes at 12,000 x g for 5 minutes [1], then carefully pipette the upper phase [2] and transfer it to a 1.5-milliliter tube [2.1]. Add 500 microliters of ice-cold 100% ethanol to the sample [3], close the tube, and invert it 3 times to mix [4]. Videographer: This step is difficult and important!

3.5.1. The centrifuge running. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
3.5.2. Talent aspirating the upper phase. 
3.5.2.1. Added shot: transfert to 1.5 ml tube.
3.5.3. Talent adding ethanol to the sample. 
3.5.4. Talent closing the lid and inverting the tube. 

3.6. Incubate the tubes at -80 °C for 15 minutes or at -20 °C for 30 minutes [1], then load the tubes into a pre-chilled microcentrifuge and centrifuge for 20 minutes at 13,000 x g and 4 °C [2]. Discard the supernatant, add 500 microliters 70% ice-cold ethanol [3], and centrifuge for another 10 minutes at 13,000 x g [4]. 

3.6.1. Talent putting tubes in the freezer. 
3.6.2. Talent loading the tubes into the centrifuge, closing the lid, and starting it. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
3.6.3. Talent discarding supernatant and adding the 70% ethanol. 
3.6.4. Use 3.6.2. 

3.7. Discard all the supernatant [1] and incubate the tubes at 50 °C for 20 minutes to dry the nucleic acid pellet, making sure to keep the tubes partially open to enable evaporation of ethanol [2]. Next, add 100 microliters of nuclease free water to the pellet and incubate at room temperature for 5 minutes [3]. 

3.7.1. Talent discarding the supernatant. 
3.7.2. Talent putting the tubes in the incubator, with the tubes partially open. 
3.7.3. Talent adding water to the sample and leaving it on the lab bench to incubate.

3.8. Vortex the sample for 3 seconds and proceed with DNA removal [1] or store it at -80 °C until ready to use [2]. 

3.8.1. Talent vortexing the sample. 
3.8.2. Talent putting the sample in the freezer.  

3.9. Prepare DNase I mix according to manuscript directions and pipette 11 microliters into each tube containing RNA extract [1]. Vortex for 3 seconds and spin down briefly to remove any droplets from the wall of the tube [2]. Then, incubate the tube at 37 °C for 30 minutes in the hot block or incubator [3]. 

3.9.1. Talent adding DNase I to a few tubes with RNA extract. 
3.9.2. Talent vortexing the tubes and then spinning them down. 
3.9.3. Talent placing the tubes in the incubator. Videographer: Obtain multiple reusable takes of this shot because it will be reused.

3.10. After the incubation, add an additional 1 microliter of DNase I enzyme directly to the tube and mix well by vortexing [1]. Then, incubate the tubes for another 30 minutes at 37 °C [2].  

3.10.1. Talent adding the DNase I to a few tubes and vortexing them. 
3.10.2. Use 3.9.3. 

3.11. Thaw and vortex the DNase inactivation reagent, then add 10 microliters to each RNA extract and incubate the tubes at room temperature for 5 minutes [1]. Vortex the tubes 3 times during the incubation step [2]. 

3.11.1. Talent adding DNase inactivation reagent to a few tubes and leaving them on the lab bench to incubate. 
3.11.2. Talent vortexing the tube. 

3.12. Then, centrifuge the mixture at 13,000 x g for 2 minutes [1] and carefully transfer the supernatant to a 1.5 milliliter RNase free tube, making sure to not touch any of the inactivation matrix [2 or 3-TXT]. 

3.12.1. Use 3.5.1.
3.12.2. Talent aspirating the supernatant. TEXT: Store RNA at -80 °C.
3.12.3. Added shot: same as 3.12.2 but close up shot. NOTE to video editor: If possible, use the close up for this shot. 


4. Reverse Transcriptase qPCR
4.1. Dilute all unknown RNA samples 1 to 10 in RNase free water [1], then mix them by vortexing for 5 seconds and briefly spinning them down [2]. Thaw Mtb and EC RNA samples and make seven and six 10-fold dilutions, respectively, for a standard curve [3]. 
4.1.1. Talent diluting unknown samples. 
4.1.2. Talent vortexing samples and spinning them down. 
NOTE: 4.1.1 and 4.1.2 all in one shot.
4.1.3. Talent making serial dilutions.
4.2. Prepare RT+ (pronounce ‘R-T-plus’) and RT- (R-T-minus’) PCR master mixes according to manuscript directions. Vortex the RT+ mix and transfer 16 microliters into each RT+ PCR tube [1]. Then, vortex the RT- mix and add 16 microliters into each RT- PCR tube [2]. Add 4 microliters of RNA extract or water in duplicate to the RT+ tubes. The water is the non-template control, or NTC [3]. Add 4 microliters of RNA extract or water to the RT- tubes [4]. NOTE to VO: This is a long one, please feel free to split it in 2 pieces.
4.2.1. Vortexing RT+ mix and transfert to the first 4 tubes.
4.2.2. Add RT+ mix to last 2 tubes, vortex RT- mix and add to last 5 tubes.
4.2.3. Add samples to 2 tubes (RT+ mix) and add water to 2 tubes (RT+ mix).
4.2.4. Add sample to 1 tube (RT- mix) and water to 1 tube (RT- mix).
4.3. Load the reaction tubes into the real time PCR machine [1] and program the reaction as described in the manuscript, then run the reaction [2]. 
4.3.1. Talent loading tubes into the machine. 
4.3.2. Talent programming the PCR machine and starting it. 

4.4. To interpret the treatment response, use the standard curve to convert Cq values into bacterial load [1] and calculate the response as the change in bacterial load over the treatment follow-up period [2].

4.4.1. SCREEN: patient samples analysis.mp4. 0:26 – 0:34. Standard curve used to calculate bacterial load. 
4.4.2. [bookmark: _GoBack]SCREEN: patient samples analysis.mp4. 0:34 – 0:44. Video Editor: Emphasize the bottom left panel, the table with patient visits and calculated concentrations.    









Section – Results
5. Results: Heat Inactivation of M. tuberculosis Bacilli
5.1. To verify that all M. tuberculosis bacilli were heat-inactivated, optical density of the cells was measured and compared to that of live cells [1]. No change in OD over time was observed for the heat inactivated samples, indicating no growth [2]. 
5.1.1. Figure 1.
5.1.2. Figure 1. Video Editor: Emphasize the dotted lines on the plot.
5.2. Heat inactivated samples were incubated at 37 °C to determine whether RNA degrades following heat inactivation of cells. No difference was found between the RNA harvested immediately after heat inactivation and the RNA isolated 1, 2, 3, and 4 days later in both BCG cultures and TB positive sputum [1-TXT].
5.2.1. Figure 2. Video Editor: Label graph A “HI 80 °C”, graph B “HI 85 °C”, graph C “HI 95 °C”, and graph D “TB Sputum”. Video Editor: Please use the separately uploaded A – D and put them together. 
5.3. When RNase A enzyme was exogenously added to the samples before and after heat inactivation, RNA loss occurred in all heat inactivated samples across 4 days of incubation [1-TXT].
5.3.1. Figure 3. Video Editor: Video Editor: Label graph A “HI 80 °C”, graph B “HI 85 °C”, graph C “HI 95 °C”.

5.4. The effect of heat inactivation on rRNA was measured in BCG cultures and sputum from TB positive patients [1]. The measured bacterial load of control culture was higher than the combined bacterial load of heat inactivated culture at 80 °C, 85 °C, and 95 °C for both BCG and sputum samples [2]. 

5.4.1. Figure 4. 
5.4.2. Figure 4. Video Editor: Emphasize the control data in both plots. 

5.5. Transmission electron microscopy was used to investigate whether cells were lysed by heat inactivation [1]. Inspection of the cells at lower and higher magnification revealed intact cell walls and visible intracellular lipid bodies. The cells appeared elongated but not lysed [2].

5.5.1. Figure 5. 
5.5.2. Figure 5. Video Editor: Emphasize that the top two images are low magnification and the bottom two are high magnification. 
5.6. 

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

6.1. Wilber Sabiiti: When attempting this procedure, it is critical to remember to add the extraction control, which controls for any false negative result due to poor RNA extraction. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.1. 
6.2. Wilber Sabiiti: This approach can be applied to bacteria associated with Chronic obstructive pulmonary disease, non-tuberculous mycobacterial infection and other respiratory pathogens.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Wilber Sabiiti: The quantitative results from TB-MBLA have enabled Mathematical- and Pharmaco-modelling of how patients respond to anti-tuberculosis therapy. We look forward to the application of the test in routine care where tuberculosis patients are being managed. 

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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