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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: Scanning Electron Microscope: Hitachi S3400N-II
Dissecting Microscope: Olympus SZ60 (with a camera port)
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.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
Although all of the steps are critical, we feel the following steps are most benefited by visualization:
2.-2.3 Assembling and filtering the sample through the rig

2.5 Ethanol dehydration

3.1 - 3.2 TBA

5.4 Mounting the flies to stubs

6.1 -6.2 sputter coating
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.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
All of the steps are straight-forward and no one step is more difficult or error-prone than the others, however they must be executed correctly for image acquisition at the end. For the bacteria and euglenoids, the step that could most significantly negatively impact the final image would be getting the optimum number of cells on the filter (Steps 2.1 and 2.3).  For flies, the critical step would be properly mounting the flies to the stub (Step 5.4).  Following sample preparation, all types of samples must be appropriately sputter-coated, since too much or too little coating at the end of the procedure will ruin the sample (Step 6.1).
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? The prep work will be done in BioSciences 1302 and the scanning electron microscope is housed in BioSciences 1311, three doors down the hall (same building, same floor)
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. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michelle Steinhilb: This protocol focuses on two chemical drying methods, hexamethyldisilazane and t-butyl alcohol, and their application to imaging both prokaryotic and eukaryotic organisms using SEM. [1-MED]
1.1.1. Michelle Steinhilb speaks towards the camera, interview.

1.2. Michelle Steinhilb: The main advantage of this technique is that it does not require the use of specialized drying equipment, such as a Critical Point Dryer, to prepare samples for analysis.   [1-MED]
1.2.1. Michelle Steinhilb speaks towards the camera, interview.

B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Eric Linton: This protocol describes the methods for using chemical dehydration and SEM analysis of three types of organisms but would be broadly applicable to examining many organismal and tissue types. [1-Med]
1.3.1. Eric Linton speaks towards the camera, interview.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. **Michelle Steinhilb: Demonstrating the procedure will be Madison Koon, [1-MED] an undergraduate student from my laboratory.  [2-MED]
1.4.1. Interview style: Michelle Steinhilb saying the above 

1.4.2. Madison Koon looks up from workbench or desk or microscope and acknowledges the camera.

*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
Protocol: (read by voice talent at JoVE)
2. Fixation, Washing and Dehydration of Cyanobacteria and Euglenoids
2.1. To start, prepare cyanobacteria by overnight fixation. [1-MED] Then, transfer them into a 10 mL filtration rig containing a polycarbonate 25 mm filter.  [2-CU-TXT]

2.1.1. Establishing shot: talent removing the bacteria from 4 (C incubation after fixing them.

2.1.2. Talent transferring the cells into a filtration rig. TEXT: 0.8 or 0.2 µm pores
2.2. Seal the side arm and funnel of the filtration rig with rubber stoppers to contain the culture in the funnel. [1-MED] After removing both stoppers… [2-MED] remove the fixative by gentle vacuuming on the filtration flask. [3-CU] 
2.2.1. Talent sealing with rubber stoppers.
2.2.2. Talent removing stoppers.

2.2.3. Vacuuming to remove fixative
2.3. To prepare single cell algae euglenoids (pronounce u-GLIN-oid), fix them by adding three drops of 4% osmium tetroxide directly to the culture that has been previously transferred into a 10 mL filtration rig. [1-CU-TXT] After 30 min incubation, remove both stoppers… [2-MED] and remove the fixative by gentle vacuuming on the filtration flask. [3-CU] 
2.3.1. Talent adding OsO4 and sealing with rubber stoppers. TEXT: OsO4 is an acute toxin!
2.3.2. Talent removing stoppers.

2.3.3. Talent removing the fixative.
2.4. Wash the fixed euglenoids three times with 5 mL of 0.1 M phosphate buffer pH 7.0 at room temperature for 10 min each, [1-CU-TXT] while keeping the flask and funnel closed with the stoppers to hold the wash. [2-MED] After removing both stoppers remove each wash by gentle vacuum on the filtration flask. [3-CU]
2.4.1. Talent adding buffer to the funnel to wash. TEXT: For this and following steps follow the similar protocol for cyanobacteria, for details see text.
2.4.2. Talent closing the flask with stoppers.

2.4.3. Talent removing the wash by vacuum. 

2.5. To dehydrate the sample while maintaining continuous immersion use a graded ethanol series, for 10 min in a volume of 5 mL in the funnel, [1-CU-TXT] while keeping the flask and funnel closed with the stoppers to contain the ethanol in the funnel. [2-MED]
2.5.1. Talent adding ethanol to the sample. TEXT: 25%, 50%, 75%, 95%, and 2 changes of 100% ethanol
2.5.2. Talent closing the flask with stoppers
2.6. After removing both stoppers gently vacuum on the filtration flask to remove ethanol. [1-CU] Transfer the sample to a disposable aluminum weighing dish containing just enough 100% ethanol to cover the sample. [2-ECU]
2.6.1. Talent removing alcohol by vacuum

2.6.2. Talent placing the sample into a disposable aluminum weighing dish.

3. Drying and Mounting
3.1. To perform chemical drying of the euglenoids using TBA first replace the 100% ethanol solution in the aluminum dish… [1-CU-TXT] with a 1:1 solution of TBA and 100% ethanol for 20 min. [2-CU-TXT] Then replace the 1:1 solution with 100% TBA for 20 min and repeat the process twice. [3-CU]
3.1.1. Talent removing ethanol Editor: When the VO says TBA, show this text. TEXT: t-butyl alcohol

3.1.2. Talent adding 1:1 solution. TEXT: Keep TBA at 37 (C. 

3.1.3. Talent removing 1:1 solution and adding TBA

3.2. Remove TBA and replace with just enough fresh 100% TBA to cover the sample. [1-ECU] Place the dish at 4 °C for 10 min to freeze the TBA. [2-MED]

3.2.1. Talent replacing the TBA. Show the sample covered with it.

3.2.2. Talent placing the aluminum dish in the 4 °C refrigerator 

3.3. Transfer the sample to a vacuum desiccator with frozen gel packs to keep TBA frozen. [1-MED] Use a rotary pump to evacuate and maintain vacuum to allow the sample to dry by vacuum sublimation of the frozen TBA for at least 3 h. [2-MED]

3.3.1. Talent transferring the sample to a desiccator and also placing the frozen gel packs.

3.3.2. Talent operating the rotary pump

3.4. To mount cyanobacteria and euglenoids label the bottom of a 25-mm aluminum mounting stub to indicate what is being placed on top. [1-CU] Then place each filter on a carbon adhesive tab secured to the top of the stub. [2-ECU]
3.4.1. Talent labeling the stub.
3.4.2. Talent using tweezers to place the filters on the stub
4. Fixation, Washing and Dehydration of Drosophila
4.1. To prepare Drosophila melanogaster immerse anesthetized flies in 1 mL of fixative for 2 hours at 4 °C, making sure they are completely submerged. [1-CU] Use a glass pipette to remove the fixative. [2-CU]

4.1.1. Talent immersing flies in fixative.

4.1.2. Talent removing fixative.
4.2. Wash the fixed Drosophila sample in a 1.5 mL microcentrifuge tube [1-CU] three times with 1 mL of 0.1 M phosphate buffer pH 7.2 at room temperature for 10 min. [2-CU] Use a glass pipette to remove each wash, being careful not to remove the sample. [3-ECU]

4.2.1. Talent placing the sample into 1.5 mL tube.

4.2.2. Talent adding the buffer to the sample.

4.2.3. Talent using glass pipette to remove the wash.

4.3. Then dehydrate the sample in a microfuge tube in a volume of 1 mL using a graded ethanol series, for 10 min each. [1-CU-TXT] Use a glass pipette to remove each wash, being careful not to remove the sample. [2-ECU] Keep the sample in the 1.5 mL microcentrifuge tube with just enough 100% ethanol to cover it. [3-ECU]

4.3.1. Talent adding ethanol. TEXT: 25%, 50%, 75%, 80%, 95%, and 100%

4.3.2. Talent removing ethanol. 

4.3.3. Talent making sure 100% ethanol is covering the sample. Focus on the sample in the tube.
5. Drosophila Drying and Mounting
5.1. To perform chemical drying of the flies using HMDS, first replace the 100% ethanol solution [1-CU-TXT] with a 1:2 solution of HMDS and 100% ethanol for 20 min. [1-MED-TXT] Then replace this solution with a 2:1 solution of HMDS and 100% ethanol for 20 min. [2-MED] Finally, replace this solution with 100% HMDS for 20 min, and then repeat the process once. [3-MED] 
5.1.1. Talent removing ethanol. Video editor: When the VO says HMDS show text TEXT: hexamethyldisilazane
5.1.2. Talent adding 1:2 solution TEXT: HMDS is acute toxin!
5.1.3. Talent removing 1:2 solution and adding 2:1.

5.1.4. Talent removing 2:1 solution and adding 100% HMDS
5.2. Transfer the sample which is in a 1.5 mL microcentrifuge tube in HMDS, into a disposable aluminum weighing dish. [1-CU] Replace the 100% HMDS with just enough fresh 100% HMDS to cover the sample. [2-ECU]
5.2.1. Talent transferring the sample to an aluminum dish.

5.2.2. Talent replacing the HMDS. Show the sample covered with it.
5.3. Place the sample within the aluminum dish directly in a chemical fume hood to dry [1-MED] with a loose lid, such as a box, to prevent debris from falling on the sample and allow it to dry for 12 to 24 h [2-CU].
5.3.1. Talent placing the aluminum dish with the sample in the hood.

5.3.2. Talent leaving the lid loose and closing the hood.
5.4. To mount Drosophila, label the bottom of aluminum mounting stub. [1-MED] Use precision tweezers to place the dried flies in the desired position on a carbon adhesive tab secured to the top of a stub under a dissecting microscope. [2-ECU/SCOPE]
5.4.1. Talent labeling the stub.
5.4.2. Talent using tweezers to place the flies in the desired position. Scope image.
5.5. Apply silver conductive adhesive around the outer edges of the stubs. [1-ECU] Use a toothpick to connect the silver paint to the flies ensuring conductivity, making sure that the paint doesn’t touch the desired imaging area. [2-ECU]
5.5.1. Talent applying silver conductive.
5.5.2. Talent using a toothpick to connect the paint to the flies.

5.6. Place the stubs in a stub holder box… [1-CU] and then place the open stub holder box in a desiccator and allow the silver paint to dry for at least 3 h. [2-MED] 
5.6.1. Talent placing the stubs in a stub holder box.

5.6.2. Talent placing the open stub holder box in a desiccator.

6. Sputter Coating and Imaging 
6.1. To prepare the sputter coating apparatus perform four to five flushes of argon gas. [1-MED-TXT] [2-MED]
6.1.1. Talent flushing the argon gas. TEXT: In high humidity 6-7 flushes.
6.1.2. Talent at the apparatus starting to perform sputter coating. Moved after 6.2.1.
6.2. Depending on the samples to be coated set the timer to different settings as described in the manuscript. [1-MED] Sputter coat the stubs following the manufacturer’s instructions. [6.1.2.]
6.2.1. Talent starts setting the timer, showing settings for one example. 
6.2.2.  This was 6.1.2., that moved here: Talent at the apparatus starting to perform sputter coating
6.3. Finally, image samples using a scanning electron microscope that includes a secondary electron detector with settings that depend on the sample used. [1-MED-TXT]
6.3.1. Talent at the microscope starting to set up. Video editor: show this text when the VO says “scanning electron microscope”. TEXT: SEM
7. Results: Morphological Analysis of Different Organisms Using SEM Images
7.1. Successful preparation of cyanobacteria for SEM (S-E-M) using this protocol yielded images where details of the cell, including shape and texture of the surface are visible, as well as a sheath of mucilage (pronounce mu-SILL-ige) and projections from the cells. [1-LM]
7.1.1. Figure 2 Editor: When the VO says: “as a sheath of mucilage” emphasize parts of images marked with M, when they say: “projections from the cells” emphasize on C and D the parts the white arrows are pointing at.
7.2. SEM image of a filamentous freshwater species from Colorado shows a visible sheath of mucilage. [1-LM-TXT]
7.2.1. Figure 2 A and B: TEXT: Toxifilum mysidocida Editor: When the VO says: “a visible sheath of mucilage” emphasize parts of images marked with M.
7.3. SEM image of a freshwater bacteria from Ohio reveals individual cells which sometimes form colonies held together by a thin layer of mucilage. Filament-like protrusions extend from the individual cells. [1-LM-TXT]
7.3.1. Figure 2 C and D: TEXT: Golenkina sp. Editor: When the VO says: “held together by a thin layer of mucilage” emphasize parts of images marked with M, when they say: “Filament-like protrusions extend from the individual cells” emphasize the parts the white arrows are pointing at.
7.4. Images of unknown filamentous species from a high salinity estuary in Texas coastal waters show individual… and dividing cells. [1-LM]
7.4.1. Figure 2 E and F: Editor: When the VO says: “individual” emphasize the cells that the black arrows are pointing at, when they say: “dividing cells”, emphasize where the white arrows are pointing at.
7.5. SEM was used to visualize the pellicle (PELL-i-cle) strips of two different euglenoid species. When comparing Monomorphina aenigmatica (mono MORE fena  en eck MA dic a) with Monomorphina pseudopyrum (mono MORE fena soo doe PIE rum) the visible helical arrangement of the pellicle strips that merge at the posterior end to form a tail aid in phylogeny determination. [1-LM] 
7.5.1. Figure 3: Editor: When the VO says: “Monomorphina aenigmatica” emphasize A and B, and when they say: “Monomorphina pseudopyrum” emphasize C and D.
7.6. SEM images [1] of normal Drosophila eyes show an ordered array of bristles and lenses [2], but expression of proteins associated with Alzheimer’s disease create the ‘rough eye’ phenotype [3]. Genes that suppress… [4] or enhance the rough eye phenotype may play a physiological role in disease progression. [1-LM] 
7.6.1. Figure 4
7.6.2. Figure 4 A
7.6.3. Figure 4 B
7.6.4. Figure 4 C
7.6.5. Figure 4 D
8. Conclusion (said by authors on camera)
8.1. Michelle Steinhilb: The protocols described here utilize organisms that vary greatly with respect to complexity, yet all are amenable to SEM analysis to gather useful morphological information that is critical for scientific discovery spanning many different subdisciplines of biology. [1-MED]
8.1.1. Michelle Steinhilb speaks towards the camera, interview.
8.2. Michelle Steinhilb: Don't forget that working with t-butyl alcohol, hexamethyldisilazane, and osmium tetroxide can be hazardous, and the appropriate safety measures should always be observed to protect users, particularly students who may be handling these chemicals. [1-MED]
8.2.1. Michelle Steinhilb speaks towards the camera, interview.

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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