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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)___N_____  
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: JEOL 1011 Transmission Electron Microscope
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N___ 
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.) __1.2;  2.1;  2.2;   2.5;    2.6.1_________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.) __1.2  It will take some practice to insert grids into the capsules properly. The rest of the steps are quite easy. 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y___ If yes, how far apart are the locations?: Different floors in the same building: biocontainment training lab (1st Fl), EM sample preparation lab (2nd Fl), EM microscopy room (2nd Fl, next door to the prep lab)
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 method is to provide a simple and effective TEM negative staining procedure for viral samples within biocontainment. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mei Sun: This method can help answer key questions in virology about the morphology and structure of viruses being investigated. 
1.2. Mei Sun: The main advantage of this technique is that it provides easy and effective handling of electron microscopy grids within biocontainment environments.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Candace Blancett: This technique is useful as part of a TEM diagnosis of an unknown virus because it can be easily applied to viral samples in all environments.
1.4. Candace Blancett: Though we have primarily used this method to aid with virus TEM studies, it has much wider applications and can be used in EM investigations of most nano particles.
1.5. Chrystal Nguessan: Generally, individuals new to this method will struggle because it takes some practice to ensure TEM grids are not damaged when loaded and unloaded from the capsules.
1.6. Kathy Kuehl: We first had the idea for this method when we were having problems handling small EM grids in biocontainment. 


Protocol: (read by voice talent at JoVE)

2. Experiment Preparation in a BSL-2 Environment Prior to Working with the Virus Samples
2.1. To begin this procedure, prepare or purchase Formvar and carbon coated TEM copper grids [1-MED-TXT]. Insert the coated TEM grids into capsules [2-MED-over the shoulder..
2.1.1. Talent approaches the lab bench and lays out the Formvar and TEM copper grids. TEXT: TEM: Transmission electron microscopy
2.1.2. Talent, using a magnified lens, inserts the coated TEM grids into capsules. Make sure the lens, and the view through it, is clear.
2.2. Next, transfer the loaded capsules – along with other supplies and reagents – to biocontainment [1-MED/WIDE-TXT].
2.2.1. Talent transfers the capsules, and other materials, into a biosafety cabinet, TEXT: For details on needed supplies, see text protocol.
3. The Capsule Method for Negative Staining in Biocontainment Using Aqueous Glutaraldehyde and 1% Osmium Tetroxide Vapor Inactivation
3.1. To begin, attach the capsule to a pipette [1-MED/CU]. Aspirate 40 μL of virus suspension into the capsule [2-MED-over the shoulder-TXT]. Place the pipette on its side – with the grids oriented horizontally – for 10 min [3-MED].
3.1.1. Talent, in the biosafety cabinet, attaches the capsule to a pipette. Film this as tight to the capsule as possible, preferably as a CU, while still capturing everything clearly.
3.1.2. Talent aspirates 40 μL of virus suspension into the capsule, TEXT: For details on virus preparation, see text protocol. Take 2
3.1.3. Talent places the pipette on its side, and then sets a timer for 10 min.
3.2. Next, pick up the pipette, and dispense the virus solution into a waste container [1-MED-over the shoulder]. Aspirate 40 μL of 2% glutaraldehyde fixative into the capsules [2-MED]. Place the pipette on its side for 20 min [3-CU].
3.2.1. Talent picks up the pipette and dispenses the virus solution into a waste container
3.2.2. Talent aspirates 40 μL of 2% glutaraldehyde fixative into the capsules.
3.2.3. Close up shot of the pipette on its side. Alternatively, if this cannot be filmed clearly, film a [MED-over the shoulder] shot of the talent placing the pipette on its side. Use end of 3.2.1
3.3. After this, expel the fixative and aspirate 40 μL of deionized water into the capsule to wash away the fixative [1-MED]. Repeat this wash three times [2-MED-over the shoulder].
3.3.1. Talent expels the fixative and then aspirates 40 μL of deionized water into the capsule.
3.3.2. Talent aspirates 40 μL of deionized water into the capsule.
3.4. Next, aspirate 40 μL of either 1% uranyl acetate or 1% potassium phosphotungstic acid into the capsule [1-MED-TXT]. Let the capsules sit for 30 s [2-CU-TXT]. Then, remove the capsule from the pipette [2-MED-over the shoulder].
3.4.1. Talent aspirate 40 μL of either 1% uranyl acetate into the capsule, TEXT: UA: uranyl acetate, PTA: potassium phosphotungstic acid combined with 3.4.2
3.4.2. Close up shot of the capsule resting, TEXT: Staining may take 10 – 60 s
3.4.3. Talent removes the capsule from the pipette.
3.5. Touch a piece of filter paper to the edge of the grids to blot dry [1-CU/MED-TXT]. Transfer the soaked filter paper into a 50 mL centrifuge tube [3-MED-over the shoulder]. Next, soak filter paper in 1% osmium tetroxide solution [2-MED]. 
3.5.1. Talent touches a piece of filter paper to the edge of the grids. Film this as tight to the grid as possible, preferably as a CU shot. TEXT: The grids remain in the capsule while drying Take 2
3.5.3 Talent transfers the soaked filter paper into a 50 mL centrifuge tube. (Order changed)
3.5.2. Talent soaks the paper in 1% osmium tetroxide solution.
3.6. Place the capsule – with the lid open – into the tube [1-MED]. Seal the tube for 1 hour to allow for complete permeation of the osmium tetroxide vapor [2-MED-over the shoulder]. After this, decontaminate the tube and transfer it out of biocontainment to the BSL-2 EM facility [3-MED/WIDE].
3.6.1. Talent places the capsule – with the lid open – into the centrifuge tube.
3.6.2. Talent seals the tube, sets it down, and then sets a timer.
3.6.3. Talent approaches the BSL-2 EM facility with the tube in hand. Alternatively, the talent can be filmed removing the tube from biocontainment and then walking out of frame.
3.7. Remove the capsule from the centrifuge tube, and place it onto a pipette [1-MED-over the shoulder]. Aspirate 40 μL of deionized water into the capsule, and then dispense the water into a waste container [2-MED]. Repeat this water wash three times [3-MED-over the shoulder].
3.7.1. Talent removes the capsule from the tube and places it on a pipette. If this action is too long for the voiceover, only film the talent placing the capsule on the pipette.
3.7.2. Talent aspirates μL of deionized water into the capsule, and then dispenses the water into a waste container. Includes 3.7.3 and 3.8.1
3.7.3. Talent aspirates μL of deionized water into the capsule.
3.8. Next, remove the capsule from the pipette [1-MED]. Using filter paper, blot dry the grids. Allow the grids to air dry, and then store them in a grid box until ready to perform TEM imaging.
3.8.1. Talent removes the capsule from the pipette.
3.8.2. Talent touches a piece of filter paper to the grids.
3.8.3. Talent stores the grids in a grid box. Alternatively, if this cannot be shot, film the grids air-drying as a CU.
4. The Capsule Method for Inactivation in Biocontainment with 2% Glutaraldehyde, Followed by Negative Staining in a BSL-2 Laboratory
4.1. To begin, mix the virus suspension with an equal volume of 4% glutaraldehyde to achieve a final concentration of 2% glutaraldehyde [1-MED]. Using fixative, inactivate the virus for at least 24 hours [2-MED-over the shoulder]. [3-MED].
4.1.1. Talent, in the biosafety cabinet, mixes the virus suspension with 4% glutaraldehyde.
4.1.2. Talent adds fixative to the mixture.
4.1.3. Talent transfers the mixture to a centrifuge tube.
4.2. Decontaminate the tube and transfer it to the BSL-2 EM facility [1-MED/WIDE]. After this, attach a grid-loaded capture to a pipette [2-MED-over the shoulder]. Aspirate the mixture into the capsule [3-MED].
4.2.1. Talent approaches the BSL-2 EM facility with the tube in hand. Alternatively, the talent can be filmed decontaminating the tube as a [MED] shot.
4.2.2. Talent attaches a grid-loaded capture to a pipette.
4.2.3. Talent aspirates the virus/fixture mixture into the pipette.
4.3. Place the pipette on its side – with the grids oriented horizontally – for 10 minutes [1-MED-over the shoulder]. Next, pick up the pipette and expel the virus mixture into a waste container [2-MED].
4.3.1. Talent places the pipette on its side, and then sets a timer for 10 min.
4.3.2. [bookmark: _GoBack]Talent picks up the pipette and expels the virus mixture into a waste container. Includes 4.4.1 and 4.4.2
4.4. Aspirate 40 μL of deionized water into the capsule, and then dispose of the water in a waste container [1-MED-over the shoulder]. Repeat this wash three times [2-MED].
4.4.1. Talent aspirates 40 μL of deionized water into the capsule, and then disposes of the water into a waste container.
4.4.2. Talent aspirates 40 μL of deionized water into the capsule.
4.5. After this, aspirate 40 μL of either 1% UA of 1% PTA into the capsule for 30 s [1-MED-over the shoulder]. Remove the capsule from the pipette [2-MED]. Using filter paper, blot dry the grids [3-MED-over the shoulder].
4.5.1. Talent aspirates 40 μL of either 1% UA into the capsule. If there is still time in the shot, the talent should then set a timer for 30 s.
4.5.2. Talent removes the capsule from the pipette.
4.5.3. Talent touches a piece of filter paper to the grids to blot dry them.
4.6. Then, allow the grids to air dry [1-CU].
4.6.1. Close up shot of the grids air drying.

5. Results: Analyzing the Capsule Method of Negative Staining Viral Samples
5.1. In this study, Zaire ebolavirus samples undergo negative staining using both the manual droplet method and the capsule method [1-LM-TXT]. The TEM images generated from these methods both show clearly defined details – with nucleocapsid structures in the center of the virion and visible glycoproteins on the surface [2-LM-TXT]. Thus, the capsule method is able to produce TEM images of similar quality to those produced by the manual droplet method [3-LM].
5.1.1. 556122_Sun_56122fig2large.jpg: Remove the text “(A)” and “(B)”. Show text under the left image saying “Manual droplet method” and under the right image saying “Capsule method”. TEXT: Monninger, M.K., et al. J Virol Methods. (2016).
5.1.2. 556122_Sun_56122fig2large.jpg: Show an arrow pointing to the center of each virion saying with text near the arrow saying “Nucleocapsid structures” during “…with nucleocapsid structures in the center of the virion and visible glycoproteins on the surface.” Show an arrow pointing to the surface of each virion with text near the arrow saying “Ebolavirus glycoproteins” during “…and visible glycoproteins on the surface”. TEXT: TEM: Transmission electron microscopy
5.1.3. 556122_Sun_56122fig2large.jpg: Show text in the center, bridging the two images, saying “Similar Quality”.
5.2. Next, different methods of sample inactivation are comparing using the Chikungunya virus [1-LM]. Sample inactivation is achieved either rapidly by using 2% glutaraldehyde for 20 min with subsequent exposure to 1% osmium tetroxide for 1 hour, or overnight by using 2% glutaraldehyde for 24 hours [2-LM]. As can be seen, the longer inactivation process – without osmium tetroxide – allows for more ultrastructural detail to be seen [3-LM].
5.2.1. 556122_Sun_56122fig3large.jpg: Remove the figure text “(A)”, “(B)”, “(C)” and “(D)”. Show images 3A and 3B side by side on the left side of the screen with text underneath saying “Glutaraldehyde without osmium tetroxide”. Show images 3C and 3D on the right side of the screen with text underneath saying “Glutaraldehyde with osmium tetroxide”.
5.2.2. 556122_Sun_56122fig3large.jpg: Highlight (or box) the right-hand images (3C and 3D) during “…rapidly by using 2% glutaraldehyde for 20 min with subsequent exposure to 1% osmium tetroxide for 1 hour…”. Highlight (or box) the left-hand images (3A and 3B) during “…overnight by using 2% glutaraldehyde for 24 hours”.
5.2.3. 556122_Sun_56122fig3large.jpg: Show arrows pointing to the more clearly defined details in image 3B during “…the longer inactivation process – without osmium tetroxide – allows for more ultrastructural detail to be seen.” Show text near the arrow saying “More visible ultrastructural detail”. Show an arrow pointing to the less detailed areas of the virions in 3D at the sample time, showing text near the arrow saying “Less visible ultrastructural detail”.
5.3. Then, utilizing the capsule method, two stains were compared using aldehyde fixed virus-like-particles [1-LM-TXT]. Both uranyl acetate and phosphotungstic acid display high quality results, with clearly defined borders and visible glycoproteins [2-LM].
5.3.1. 556122_Sun_56122fig4large.jpg: Show only Figures 4B and 4D side-by-side, Remove the figure text “(B)”, and “(D)”. Show image 3B on the left side of the screen with text underneath saying “PTA stained Ebola nano-VLPs”. Show image 3D on the right side of the screen with text underneath saying “UA stained Murine Leukemia VLPs”. TEXT: VLP: Virus-like-particles
5.3.2. 556122_Sun_56122fig4large.jpg: Highlight each figure as it is mentioned in the VO.

6. Conclusion (said by authors on camera)

6.1. Candace Blancett: Once mastered, this technique can be done in about an hour and a half depending, on the number of samples.
6.2. Candace Blancett: While attempting this procedure, it’s important to remember to select proper fixative and staining reagents for your experiment goals.
6.3. Chrystal Nguessan: Following this procedure, other methods like particle counting can be performed in order to answer additional questions like calculating virus concentration.
6.4. Kathy Kuehl: This technique improves the way virologists can explore virus morphology and structural information with greater ease of handling, especially for BSL3 and 4 level viruses.
6.5. Mei Sun: After watching this video, you should have a good understanding of how to easily handle TEM grids for negative staining within biocontainment.
6.6. Mei Sun: Don't forget that working with aldehyde, osmium tetroxide, and uranyl acetate_can be extremely hazardous and precautions such as proper personal protective equipment and a chemical fume hood should always be used while performing this procedure.   


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.


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.
 2017, Journal of Visualized Experiments

