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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 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.

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.) _2.8 – 2.12,  
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.) _3.3 We repeat this step multiple times for each sample during the procedure.
E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? 

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 extract RNA from bacteria grown intracellularly in macrophage cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Anat Herskovits: This method can help answer key questions in the bacterial pathogenesis field, such as what are the factors and genes that bacteria trigger in order to mediate infection. 
1.2. Anat Herskovits: The main advantage of this technique is that it significantly enriches for bacterial RNA, while minimizing contamination of host nucleic acids. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Anat Herskovits: Demonstrating the procedure will be Anna Pasechnek, a PhD student from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Cell Preparation and Bacterial Infection
2.1. To prepare cells for bacterial infection, on day 1 [2.1.1-WIDE], use 145 mm dishes to seed 2.0 x 107 bone marrow derived macrophage, or BMDM cells in 30 ml of BMDM plus Pen-strep [2.1.2-MED/CU-TXT]. Incubate at 37(C and 5% CO2 in a forced air incubator overnight [2.1.3-WIDE].
2.1.1. Talent sitting at hood opens tube with cells for plating

2.1.2. Talent adds 30 ml of BMDM media to the cells, mix and then put it in a dish labeled (TEXT: refer to Table 2 of text protocol, seed three plates/strain)
2.1.3. Talent places dishes into incubator; B need another version of placing solutions into incubator for 2.3.1 below; C need another version for 2.6.3 below
2.2. Inoculate a bacterial culture of wild-type L. monocytogenes bacteria in 10 ml of brain heart infusion, or BHI medium [2.2.1-MED/CU].  Place tubes in an incubator in a slanted position and incubate at 30 degrees C, without shaking, overnight [2.2.2-CU].
2.2.1. Talent inoculates L. monocytogenes into BHI

2.2.2. Talent places tubes in slanted position into incubator and closes door
2.3. The following day, pre-warm BMDM medium without antibiotics, and PBS to 37(C [2.3.1-WIDE/MED].  Then use 25 ml of the warm PBS to wash the macrophage monolayer twice to remove the antibiotics [2.3.2-CU], before adding 30 ml of fresh BMDM medium to the cells [2.3.3-CU]. 
2.3.1. Use 2.1.3B here
2.3.2. Talent removes medium, adds warm PBS to macrophages and removes PBS
2.3.3. Talent adds fresh BMDM to the cells

2.4. Next, wash the overnight L. monocytogenes culture by centrifuging 1.5 ml of the bacteria [2.4.1-CU-TXT] and then use 1.5 ml of PBS to resuspend the pellet [2.4.2-CU-TXT]. 
2.4.1. Talent places tubes of bacteria into centrifuge and starts spin (TEXT: 14,000 x g, 1 min)

2.4.2. Talent removes medium and adds 1.5 ml of PBS to pellet (TEXT: repeat wash 2X)
2.5. Then, using 0.5 ml of the washed bacterial suspension, infect each macrophage plate.  If using multiple plates, space the infections 15 minutes apart to allow for harvesting each plate individually at the end of the infection [2.5.1-CU-TXT].
2.5.1. Talent adds 0.5 ml of bacterial suspension to plate of macrophages – have other plates visible and labeled to show that they will be infected at 15 min intervals (TEXT: refer to text protocol for additional details) 
2.5.2. Talent place dishes into incubator. Use 2.1.3
2.6. Following a 30 minute incubation at 37(C, use PBS to wash the infected cells twice to remove unattached bacteria [2.6.1-CU] and then add 30 ml of pre-warmed BMDM medium [2.6.2-CU].  Incubate for 30 minutes to allow bacteria to internalize [2.6.3-WIDE].
2.6.1. Talent removes medium, adds PBS to cells to wash plate and removes PBS Use 2.3.2
2.6.2. Talent adds prewarmed BMDM to plate Use 2.3.3
2.6.3. Use 2.1.3C here
2.7. At one hour post infection, add gentamicin to a final concentration of 50 (g/ml to kill any remaining extracellular bacteria [2.7.1-CU-TXT]. 
2.7.1. Talent adds gentamicin to plate of cells (TEXT: return the cells to the incubator)
2.8. Assemble the filter apparatus by placing a filter head on a collecting liquid flask with a vacuum outlet port [2.8.1-CU].  Then place a 0.45 (m filter on the filter head, followed by a cylinder funnel and use a metal clamp to secure the different parts [2.8.2-CU-TXT].  

2.8.1. Talent places filter head on collecting flask with an outlet port

2.8.2. Talent adds filter and then funnel and clamps to secure.  Have RNase free water on ice visible in background (TEXT: prepare ice-cold RNase free water) Use take 4
2.9. At 6 hours post infection, examine the cell monolayer under the microscope before harvesting [2.9.0-CU]. Working with one plate at a time to harvest the bacteria, use PBS to wash the infected cells [2.9.1-CU].  Then, to lyse the macrophage cells, add 20 ml of ice-cold RNase-free water and quickly but carefully use a cell scraper to scrape the cells off the plate [2.9.2-CU].
2.9.0. Talent looks on the plate in microscope
2.9.1. Talent opens plate of cells, removes medium, adds PBS to wash, and removes PBS
2.9.2. Talent adds ice cold water to plate then quickly begins to scrape cells off plate
2.9.3. Talent moves the cells into 50 ml tubes
2.10. After collecting the cells into a 50 ml conical tube, vortex for 30 seconds [2.10.1-MED/CU], then centrifuge at 800 x g and 4(C for 3 minutes [2.10.2-MED/CU]. To remove macrophage cell nuclei, using the vacuum system, pass the supernatant through the filter [2.10.3-CU]. 
2.10.1. Talent seals tube of cells and then vortexes

2.10.2. Talent places tubes into centrifuge and sets speed and time with temp already set and starts spin

2.10.3.  Talent adds the supernatant to the filter and turns on vacuum and supernatant can be seen passing into collecting flask
2.11. Then with tweezers, roll the filter and quickly transfer it to a 15 ml conical tube [2.11.1-CU]. Immediately use liquid nitrogen to snap freeze the tube [2.11.2-MED/CU].
2.11.1. Film as written

2.11.2. Talent adds tube to liquid nitrogen to freeze, then removes to show it frozen (TEXT: repeat the harvesting with additional plates of cells)  
3. Nucleic Acid Extraction 

3.1. On the third day, prepare 400 (l of a 1:1 mixture of acidified phenol and chloroform into separate 1.5 ml tubes for each sample [3.1.1-CU].  After mixing well, aspirate the top aqueous layer [3.1.2-CU] before adding 40 (l of 10% SDS to the remaining solution [3.1.3-CU].  
3.1.1. Talent adds phenol and chloroform from labeled containers into 1.5 ml tubes and mixes
3.1.2. Talent opens a well mixed tube of phenol chloroform and removes top, aqueous layer

3.1.3. Talent adds 10% SDS to remaining solution
3.2. Thaw the tubes containing the filters on ice to keep them cold [3.2.1-MED/CU] then to each tube, add 650 (l of cold acetate-EDTA, or AE buffer [3.2.2-CU-TXT].
3.2.1. Talent places frozen filter tubes on ice 

3.2.2. Talent adds AE buffer to tubes (TEXT: refer to text protocol for buffer recipe)
3.3. Working as quickly as possible, vigorously vortex the filter tube so that the filter whisks to the periphery of the tube and the buffer fully washes the filter [3.3.1-CU/ECU].  It may be necessary to invert the tube and vortex to fully wash off the bacteria from the filter [3.3.2-CU-TXT].
3.3.1. Talent vortexes a tube and the filter is seen against the walls of the tube

3.3.2. [combined with 3.3.1] Talent inverts tubes and vortexes it (TEXT: place tube back on ice)
3.4. Anna Pasechnek, For step 3.3: The most critical step of the procedure is to ensure that the bacteria are efficiently removed from the filter. To do so, we repeat vortexing the tubes multiple times in different positions [3.4.1-INTERVIEW].
3.4.1. Talent recites the above looking off camera
3.5. Once the rest of the samples have been vortexed, briefly spin down the tubes [3.5.1-MED/CU-TXT].
3.5.1. Talent transfers tubes from ice bucket to centrifuge and briefly spins (TEXT: 120 x g, 1 min)
3.6. Next, after transferring the bacteria-containing buffer from each tube to the tubes of SDS and phenol/chloroform [3.6.1-CU], place the tubes in a multi-tube vortex device and vortex at full speed for 10 minutes [3.6.2-CU]. 

3.6.1. Talent finishes transferring solution from filter tube to SDS/phenol/chloroform tube with other tubes ready and visible

3.6.2. Talent finishes placing tubes into vortex device and turns on at full speed

3.7. Then, incubate the tubes in a heat block at 65(C for 10 minutes [3.7.1-CU] before spinning at maximum speed for 5 minutes [3.7.2-MED/CU-TXT].  Transfer the aqueous layer to a fresh tube containing 40 (l of 3M sodium acetate and 1.0 ml of 100% ethanol [3.7.3-CU-TXT].
3.7.1. Talent places tubes in a 65(C heating block

3.7.2. Talent finishes placing tubes into centrifuge and starts spin (TEXT: 14,000 x g)

3.7.3. Talent transfers the aqueous layer from a sample to a tube of sodium acetate and ethanol (TEXT: pH 5.2)

3.8. After thoroughly vortexing the samples, incubate the tubes at -80(C for 1 hour or at -20(C overnight [3.8.1-WIDE].  Then after centrifuging the samples, carefully aspirate ethanol from each tube [3.8.2-CU] before adding 500 µl of cold 70% ethanol to each sample [3.8.3-CU]. 
3.8.1. Talent places tubes into -80 freezer

3.8.2. Talent aspirates supernatant from a tube (TEXT: 14,000 x g, 4(C, 20 min), Editor, use the text for the first part of the sentence for centrifuging
3.8.3. Talent adds cold 70% ethanol to tube

3.9. After vortexing and spinning the samples again, carefully aspirate the ethanol from each tube [3.9.1-CU-TXT] and use a vacuum evaporator to dry the pellets for 2 minutes [3.9.2-MED/CU].  
3.9.1. Talent picks up a tube that’s been spun down and aspirates the ethanol from it (TEXT: 14,000  x g, 4(C, 20 min), Editor, add the text for the vortexing and spinning narration

3.9.2. Talent places tubes into vacuum evaporator (TEXT: do not use heat or over-dry)

3.10. Next, add 25 (l of RNase-free water to each tube and incubate at room temperature for 20 minutes [3.10.1-CU].  After vortexing and spinning down the samples, with a micro-volume UV-Vis spectrophotometer, measure the RNA concentration.  Expect to extract about 0.5 – 1 (g of nucleic acids per plate [3.10.2-CU]. 
3.10.1. Talent finishes adding RNase-free water to the tubes and turns on a 20-minute timer

3.10.2. Talent adds sample to spectrophotometer and gets a reading
4. DNase Treatment
4.1. To carry out DNase treatment, set up the reactions in microcentrifuge tubes according to the text protocol [4.1.1-CU-TXT].  Incubate the samples at 37(C for 45 minutes [4.1.2-MED/CU], then add 450 (l RNase-free water and 500 (l of Phenol-chloroform-IAA mix [4.1.3-CU].
4.1.1. Talent sets up DNase treatment reaction in tubes (TEXT: see Table 1) 
4.1.2. Talent places samples in water bath or heat block set to 37(C
4.1.3. Talent adds RNase free water to the sample tubes and then adds phenol chloroform IAA from labeled container (TEXT: refer to Table 2)
4.2. Once the samples have been vortexed and spun at maximum speed for 2 minutes, transfer the aqueous layer to a new tube and add 500 (l of chloroform-IAA mix [4.2.1-CU-TXT].
4.2.1. Talent transfers aqueous layer to a new tube and then adds chloroform-IAA mix (TEXT: refer to Table 2)
4.3. After vortexing and spinning the samples again, transfer the aqueous layer to a new tube [4.3.1-CU] before adding 1 ml of ethanol and 50 (l of 3M sodium acetate [4.3.2-CU].
4.3.1. Talent transfers an aqueous layer to a new tube

4.3.2. Talent adds ethanol then 3M sodium acetate to a tube containing the aqueous layer
4.4. Following another vortex, incubate the tubes at -80(C for 1 hour, or -20(C overnight [4.4.1-WIDE].  After the incubation, centrifuge at maximum speed and 4(C for 20 minutes [4.4.2-MED/CU]. 
4.4.1.  Talent places tubes into -80 freezer
4.4.2. Talent places tubes into centrifuge and starts spin; Videographer, see step 4.6.3 for removing tubes from centrifuge and placing on ice
4.4.3. Added for removing tubes from the centrifuge

4.5. Carefully aspirate off the ethanol from each tube, then add 500 (l of cold 70% ethanol to each sample [4.5.1-CU].  After vortexing and spinning as before, carefully aspirate the ethanol from the tubes [4.5.2-CU] and use an unheated vacuum evaporator to dry the samples for 2 minutes without over-drying [4.5.3-MED/CU]. 
4.5.1. Talent finishes aspirating ethanol from a tube and adds 750% ethanol to tube

4.5.2. Talent aspirates 750% ethanol from spun tube

4.5.3. Talent places samples into vacuum dryer and starts drying
4.6. Then, add 12 (l of RNase-free water, incubate at room temperature for 2 minutes [4.6.1-CU], and vortex the samples before spinning them down [4.6.2-MED/CU].  Immediately place the purified RNA samples on ice [4.6.3-MED/CU].
4.6.1. Talent adds water to last tubes and leaves them to incubate for 2 minutes

4.6.2. Talent vortexes samples

4.6.3. Talent removes samples from centrifuge and places on ice

4.7. Finally, use a microvolume UV-Vis spectrophotometer to measure the RNA concentrations.  Expect approximately 100 ng of RNA per combined samples [4.7.1-CU].
4.7.1. Talent adds a sample to spectrophotometer and reads result
5. Results: Listeria monocytogenes RNA Purification from Macrophage Cells
5.1. The Listeria RNA purified from macrophage cells is suitable for downstream transcription analysis by multiple available techniques. Shown here are the results of an RT-qPCR experiment used to validate the transcription of known virulence genes during wild type L. monocytogenes growth in macrophages in comparison to exponential growth in the rich laboratory medium, BHI [5.2.1-LM].
5.1.1. LAB MEDIA Figure 3, Editor, for growth in macrophages, point out the intracellular tall bars in each graph.  For ‘exponential growth in rich laboratory medium, BHI,’ point out the short BHI columns in each graph.
5.2. In particular, the results of the hly and actA genes at 6 hours post infection are illustrated.  Transcription levels were normalized to the levels of 16S rRNA as a reference gene.  The data shown are representative of 3 independent biological repeats [5.2.1-LM].
5.2.1. LAB MEDIA Figure 3, Editor, point out the left graph for hly and the right graph for actA when mentioned.

6. Conclusion (said by authors on camera)

6.1. Sigal Nadejda Anat Herskovits: Once mastered, this technique yields about 100 ng of total RNA, which is suitable for transcriptomic analysis by different methods such as; RT-qPCR, microarray and RNA-Seq.

6.2. Sigal Nadejda: While attempting this procedure, it’s important to remember to work quickly as possible to avoid changes in gene transcription.
6.3. Sigal Nadejda: While this protocol describes the purification of Listerial RNA, it can be easily modified to other bacterial pathogens.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
We decided not to show images of the cells. It is not really necessary.
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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