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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)___not required______  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
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.) ________________________2.3, 2.4, 2.5, 3.7, 3.11___________________
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.) ___________2.4 & 2.5_careful handling of the biopsy tissue to avoid contamination the tissue surface with OCT embedding medium. Careful handling of the PET membrane slide to avoid tearing of the thin membrane. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

Editors, this a very important note from the authors: Make sure that all images, movie files, 3-D rendered animations or other materials used in the video do not mention or depict, etc., animals or rabbits, etc.
So, we can show and mention tissue, but never animals or rabbits.
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 analytical technique is to quantify the anti-tuberculosis drug ethambutol (pronounced as “e-tham-byuh-tawl”) within tuberculosis pulmonary lesion tissue compartments to determine whether bactericidal drug concentrations are being reached. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Brendan P: This method can answer questions in the tuberculosis drug discovery and development field, by determining whether administered drugs are reaching bacterial populations at sterilizing concentrations within all granuloma tissue compartments [1-MED].
1.1.1. Brendan speaks towards the camera, interview style. 
1.2. Matt Z: The main advantage of this technique is that it enables full quantification of drug concentrations at high spatial detail within specific tissue structures and cell populations [1-MED].   
1.2.1. Matt speaks towards the camera, interview style. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Landry B: Visual demonstration of this method is critical as the tissue-sectioning and mounting steps are difficult to learn, due to the potential for tissue contamination and the fragile nature of the membrane slides [1-MED].   
1.3.1. Landry speaks towards the camera, interview style. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. All studies were carried out in accordance with the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health with approval from the Institutional Animal Care and Use Committee of the NIAID (NIH), Bethesda, MD [1-Title Card].
1.4.1. Title Card
Protocol: (read by voice talent at JoVE)
2. Tissue Sectioning
2.1. Begin this procedure with tissue collection as described in the text protocol [1-Title Card].
2.1.1. Title Card 
2.2. To perform tissue sectioning, first, set the cryostat to the desired cutting temperature [1-MED-over the shoulder-TXT].  Transfer the gamma-irradiated lung biopsy from the minus 80 degree Celsius storage to the cryostat and leave for 30 minutes to equilibrate the tissue temperature [2-CU].
2.2.1. Talent sets the cryostat to -20 to -22 °C.  TEXT Overlay: Use chamber temp of -20 to -22 °C for TB lesion biopsies 
2.2.2. Gamma-irradiated lung biopsy as talent transfers to the cryostat.
2.3. Using tweezers, fix the biopsy to the cryostat chuck using a small amount of optimal cutting temperature adhesive to adhere the base of the tissue to the chuck [1-ECU-TXT].
2.3.1. Biopsy as talent fixes it to the cryostat chuck using a small amount of OCT adhesive to adhere the base of the tissue to the chuck.  TEXT Overlay: OCT = optimal cutting temperature
2.4. Orient the tissue so that the flat surface is the exposed surface for cutting [1-MED-over the shoulder].  Ensure the OCT does not contaminate the tissue surface, as this may interfere with the subsequent mass spectrometry analysis [2-CU].
2.4.1. Talent orients the tissue so that the flat surface is the exposed surface for cutting.  Continue action in next shot.
2.4.2. Tissue as talent orients it to that the flat surface is the exposed surface for cutting, being careful to avoid contamination by the OCT.
2.5. Cut three tissue sections at 25 micron thickness and mount onto PET membrane slides [1-MED-TXT].  Gently touch the membrane to the tissue section and remove the section.  If too much pressure is applied, the thin membrane may tear [2-CU]. 
2.5.1. Talent cuts sections at 25 microns thickness.  Continue action in next shot  TEXT Overlay: PET = polyethylene terephthalate
2.5.2. Membrane as talent gently touches it to the tissue section and removes.
2.6. Landry B: Avoid excessive handling of the slides prior to mounting so as not to charge the PET-membrane and diminish adhesion of the tissue-sections.  Keep the membrane slide at room temperature to enable thaw-mounting and successful adhesion of the tissue to the membrane [1-MED].
2.6.1. Demonstrating talent speaks towards the camera, interview style
2.7. Remove the slide from the cryostat and allow the slide to air-dry for 3 minutes [1-MED-over the shoulder].  If LCM-LC/MS/MS will not be performed immediately, seal the slide in a small airtight sealable bag and transfer to the minus 80 degrees Celsius storage until required for dissection [2-CU].
2.7.1. Talent removes the slide from the cryostat and leaves to air-dry.
2.7.2. Slide as talent seals in a small airtight sealable bag. Split in two shots.
2.8. Cut an adjacent section at 10 to 12 microns and thaw-mount on a standard glass slide for Hematoxylin and Eosin staining [1-MED-over the shoulder].  Additional sections can be cut at this time for other desired histochemistry stains [2-CU].
2.8.1. Talent cuts an adjacent section at 10 to 12 microns and thaw-mounts on a standard glass slide for H&E staining.
2.8.2. Additional sections as talent cuts them.
3. Microdissection
3.1. Remove the sealed bag containing the slide from the minus 80 degrees Celsius storage and allow to reach room temperature for 5 minutes [1-WIDE].  If the cold slide is immediately exposed to the laboratory atmosphere, the tissue will become coated with condensation, and the spatial integrity of the drug may be compromised [2-CU].
3.1.1. Talent opens the -80 degree freezer and removes the sealed bag containing the slide.
3.1.2. Slide in sealed bag as talent leaves on the bench to reach room temperature.
3.2. Turn on the microscope and laser.  The laser requires 5 to 10 minutes to warm up before cutting can commence [1-MED].  Load flat-cap 0.20 milliliter PCR tubes into the holder [2-CU].
3.2.1. Talent turns on the microscope and laser.
3.2.2. Flat-cap 0.20 mL PCR tubes as talent loads them into the holder.
3.3. After removing the slide from the bag, take an optical image of the tissue section on the PET slide using a flatbed scanner [1-MED-over the shoulder]. 
3.3.1. Talent takes an optical image of the tissue section on the PET slide using a flatbed scanner.
3.4. Place the slide into the slide holder, tissue side facing down [1-CU].
3.4.1. Slide as talent places into the slide holder, tissue side facing down. Split in two shots.
3.5. Assign separate collection tubes to specific granuloma regions of interest using the microscope software.  Typically, these will be ‘uninvolved lung’, ‘cellular granuloma’ and ‘caseum’, but may vary depending upon the specific pathology of the granuloma/biopsy [1-SCREEN].
3.5.1. 57402_Prideaux_SCREEN_3.5.1: Screen capture movie of the microscope software as talent assigns separate collection tubes to specific granuloma regions of interest using the microscope software.  
3.6. Focus on the tissue using the 5X microscope objective.  This magnification should provide a good overview of the tissue containing both cellular and necrotic granuloma areas.  In the software, select the tube designated ‘caseum’ to move it into position under the tissue [1-SCREEN]. 
3.6.1. 57402_Prideaux_SCREEN_3.6.1: Screen capture movie of the microscope software as talent focuses on the tissue using the 5X microscope objective.  Talent selects the tube designated ‘caseum’ to move it into position under the tissue.
3.7. Enter the desired dissection parameters.  Typical settings for a 25 micron thick lung section are laser power 30, speed 15, and aperture 35.  However, these will differ depending upon the microscope used and potential declining power due to the age of the laser [1-SCREEN].
3.7.1. 57402_Prideaux_SCREEN_3.7.1: Screen capture movie of the microscope software as talent enters laser power 30, speed 15, and aperture 35.
3.8. Select the ‘free-draw’ tool and, using either a mouse or touchscreen pen, outline the desired region for dissection.  The surface area of the region will be displayed in the software.  Keep selected regions under 500,000 square microns to facilitate easier dissection [1-SCREEN].  
3.8.1. 57402_Prideaux_SCREEN_3.8.1: Screen capture movie of the microscope software as talent selects the ‘free-draw’ tool and outline the desired region for dissection. The surface area of the region will be displayed in the software. 
3.9. Repeat the dissection until 3 million square microns have been collected in total in the tube cap [1-MED-over the shoulder].
3.9.1. Talent repeats the dissection.
3.10. On occasion, the dissected region may remain stuck to the surrounding membrane and not fall into the collection cap.  Remove these regions from the cumulative surface area total by manually selecting and removing within the software [1-SCREEN].
3.10.1. 57402_Prideaux_SCREEN_3.10.1: Screen capture movie of the microscope software as talent removes stuck regions from the cumulative surface area total by selecting and removing manually within the software.
3.11. Next, select the cap for ‘cellular lesion’ and collect 3 million square microns of tissue using the same process [1-SCREEN].
3.11.1. 57402_Prideaux_SCREEN_3.11.1: Screen capture movie of the microscope software as talent selects the cap for ‘cellular lesion’ and begins to collect 3 million square microns of tissue.
3.12. Select the cap for ‘uninvolved lung’ and collect 3 million square microns of tissue using the same process.  Note that uninvolved lung tissue contains many bronchioles and alveolar spaces.  Pay careful attention to exclude these from the defined tissue regions for dissection [1-SCREEN].
3.12.1. 57402_Prideaux_SCREEN_3.12.1: Screen capture movie of the microscope software as talent selects the cap for ‘uninvolved lung’ and collects 3 million square microns of tissue, being careful to exclude bronchioles and alveolar spaces from the defined tissue regions for dissection
3.13. Remove the cap holder and carefully unclip, seal and label each tube.  Protect the dissected tissues from surrounding air disturbances [1-CU].  Analyze the dissected tissues immediately, or store at minus 80 degrees Celsius and thaw prior to processing and LCMS analysis [2-WIDE].
3.13.1. Tube as talent carefully removes cap holder, carefully unclips, seals and labels the tube.
3.13.2. Talent places the tissues into the -80 degree freezer.
4. Extraction and LCMS Analysis
4.1. Assuming a tissue density of 1 gram per milliliter, prepare the homogenate stock by weighing 50 milligrams of control tissue and adding PBS buffer to dilute [1-MED-over the shoulder-TXT].  Homogenize the tissue by bead beating the lung tissue and PBS buffer for 5 minutes at 1750 rpm on a bead homogenizer [2-CU]. 
4.1.1. Talent prepares the homogenate stock by adding the PBS to the tissue.  TEXT Overlay: See text for dilution calculations
4.1.2. Tissue as talent homogenizes it by bead beating the lung tissue and PBS buffer.
4.2. Next, dilute 1 milligram per milliliter drug stocks in 1 to 1 acetonitrile/water to create standard curve spiking solutions [1-MED].
4.2.1. Talent dilutes the drug stocks in acetonitrile/water.  Use labeled containers.  
4.3. Determine spiking standard concentrations based on the spike volume and the target tissue volume.  The illustrated example is for a 100 nanogram per milliliter standard using a 10 microliter spike volume [1-MED-over the shoulder-TXT].
4.3.1. Talent performs the calculation to determine the spiking standard concentrations.  TEXT Overlay: See text for calculations
4.4. Remove the tubes containing the microdissected tissue from minus 80 degree Celsius storage and allow to reach room temperature for 5 minutes [1-CU].
4.4.1. Tubes containing tissue as talent removes them from the minus 80 degree freezer. 
4.5. Add 10 microliters of 1 to 1 acetonitrile/water solution and 2 microliters of PBS buffer to the tubes containing the microdissected tissue [1-MED-over the shoulder].
4.5.1. Talent adds 10 microliters of 1 to 1 acetonitrile/water solution and 2 microliters of PBS buffer to the tubes containing microdissected tissue.  Use labeled containers.
4.6. For standard curve and quality control tubes, add 10 microliters of spiking solution to 2 microliters of control lung homogenate [1-CU].  Add 50 microliters of extraction solution to each tube [2-MED-TXT].
4.6.1. Talent adds 10 microliters of spiking solution to 2 microliters of control lung homogenate.  Use labeled containers.  
4.6.2. Talent adds 50 microliters of extraction solution to each tube.  Use labeled containers.  TEXT Overlay: See text for extraction solution
4.7. Vortex each tube for 5 minutes [1-CU].  Then, sonicate them for 5 minutes [2-MED].  Next, centrifuge the tubes at 5000 RPM for 5 minutes to form a pellet of film and tissue in each tube [3-MED-over the shoulder].  
4.7.1. Tubes as they are vortexed.
4.7.2. Talent sonicates the tubes.
4.7.3. Talent places the tubes into the centrifuge.
4.8. Following centrifugation, transfer 50 microliters of supernatant to a 96-well deep-well plate and dilute with an additional 50 microliters of deionized water in each well [1-CU].
4.8.1. 96-well deep-well plate as talent transfers the supernatant there and dilutes with an additional 50 microliters of deionized water in each well.
4.9. Finally, perform LC/MS/MS analysis and method validation as described in the text protocol [1-WIDE].
4.9.1. Talent appears to be working on the LC/MS/MS instrument.
5. Results: Spatially-Resolved Quantification of Ethambutol in Pulmonary Lesions by LCM-LC/MS 
5.1. The LCM-LC/MS method was first validated by analyzing laser microdissected regions from ethambutol-spiked tissue homogenate [1-LM].  As shown here, the method was highly reproducible and demonstrated excellent drug recovery [2-LM]. 

5.1.1. 57402_Prideaux_Table1.tif – Editors, please highlight the left-most column as this sentence is narrated.
5.1.2. 57402_Prideaux_Table1.tif – Editors, please highlight the right-most column as this sentence is narrated.
5.2. Ethambutol concentrations measured by LCM-LC/MS in multiple lung tissues were further validated… [1-LM] by direct comparison to concentrations determined by an established LC/MS approach [2-LM].  Equivalent concentrations were detected by both techniques [3-LM]. 
5.2.1. 57402_Prideaux_Table2.tif – Editors, please highlight the 3rd column as this part of the sentence is narrated. Make sure that whatever will be shown does not mention animals or rabbits.
5.2.2. 57402_Prideaux_Table2.tif – Editors, please highlight the 2nd column as this part of the sentence is narrated.
5.2.3. 57402_Prideaux_Table2.tif – Editors, please highlight the 4th column as this part of the sentence is narrated.
5.3. Absolute ethambutol concentrations within uninvolved lung parenchyma (pronounced as “puh-reng-kuh-muh”)… [1-LM], cellular lesion rim… [2-LM] and necrotic caseum were determined by LCM-LC/MS [3-LM].  

5.3.1. 57402_Prideaux_Figure3A.tif – Authors, please provide a separate figure of 3A alone without the “A” label.  – Editors, please highlight the empty bars labeled “Lung.”
5.3.2. 57402_Prideaux_Figure3A.tif – Editors, please highlight the empty bars labeled “Cellular Rim.”
5.3.3. 57402_Prideaux_Figure3A.tif – Editors, please highlight the empty bars labeled “Caseum.”
5.4. Mycobacterium-tuberculosis sterilizing levels were reached in all lesion compartments [1-LM].  The minimum concentrations required to kill 99% of extracellular replicating bacilli… [2-LM] and 99% of intracellular bacilli in macrophages are indicated [3-LM].
5.4.1. 57402_Prideaux_Figure3A.tif

5.4.2. 57402_Prideaux_Figure3A.tif – Editors, please highlight the red solid line labeled “MBC99.”
5.4.3. 57402_Prideaux_Figure3A.tif – Editors, please highlight the red dotted line labeled “iMBC99.”
6. Conclusion (said by authors on camera)
6.1. Matthew Z: After watching this video, you should have a good understanding of how to microdissect tissues and quantify drug levels within defined pulmonary granuloma structures [1-MED].
6.1.1. Matthew speaks towards camera, interview style.
6.2. Brendan P: This technique enables researchers in the field of antimicrobial drug research to accurately and quantitatively assess whether administered drugs are reaching target pathogen populations at sterilizing concentrations.  The approach has broad applicability to many different tissues and disease states [1-MED].
6.2.1. Brendan speaks towards camera, interview style. 
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.  

LAB MEDIA:

57402_Prideaux_Table1.tif - Table showing validation of the LCM-LC/MS method using spiked lung homogenate 
57402_Prideaux_Table2.tif - Table showing direct comparison of LCM-LC/MS with established LC/MS method

57402_Prideaux_Figure3A.tif – Authors, please provide a separate figure of 3A alone without the “A” label.  
SCREEN Capture Movies:
57402_Prideaux_SCREEN_3.5.1: Screen capture movie of the microscope software as talent assigns separate collection tubes to specific granuloma regions of interest using the microscope software.  
57402_Prideaux_SCREEN_3.6.1: Screen capture movie of the microscope software as talent focuses on the tissue using the 5X microscope objective.  Talent selects the tube designated ‘caseum’ to move it into position under the tissue.
57402_Prideaux_SCREEN_3.7.1: Screen capture movie of the microscope software as talent enters laser power 30, speed 15, and aperture 35.
57402_Prideaux_SCREEN_3.8.1: Screen capture movie of the microscope software as talent selects the ‘free-draw’ tool and outline the desired region for dissection. The surface area of the region will be displayed in the software. 
57402_Prideaux_SCREEN_3.10.1: Screen capture movie of the microscope software as talent removes stuck regions from the cumulative surface area total by selecting and removing manually within the software.
57402_Prideaux_SCREEN_3.11.1: Screen capture movie of the microscope software as talent selects the cap for ‘cellular lesion’ and begins to collect 3 million square microns of tissue.
57402_Prideaux_SCREEN_3.12.1: Screen capture movie of the microscope software as talent selects the cap for ‘uninvolved lung’ and collects 3 million square microns of tissue, being careful to exclude bronchioles and alveolar spaces from the defined tissue regions for dissection
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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