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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

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

1.1. Sylvain Bohic: Newly designed synchrotron X-ray fluorescence nanoprobes permit visualization of the elemental distribution of a sample. The use of cryogenic approaches is mandatory to slow down X-ray radiation damage [1]. 

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

1.2. Sylvain Bohic: Therefore, a rapid cryofixation is essential for obtaining frozen-hydrated cells to optimize the preservation of the cell structure and its chemical integrity [1].

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. Caroline Bissardon: The specificity of the cellular preparation for synchrotron studies lead to the optimization of this protocol for acquiring frozen-hydrated cell monolayers [1].

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

1.4. Caroline Bissardon: Visual demonstration is important for understanding how to manipulate the cell monolayer samples to achieve reproducibly cryofixed cells embedded within a thin layer of ice [1].

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





Section - Protocol
2. Silicon Nitride (Si3N4) Membrane Support Preparation
2.1. To prepare a silicon nitride membrane support, open the capsule containing the membrane support [1] and gently squeeze the capsule to lightly loosen the support [2].
2.1.1. WIDE: Talent opening capsule
2.1.2. Capsule being squeezed
2.2. Use thin tweezers to grasp one corner of the silicon frame, taking care not to touch the silicon nitride membrane in the center of the frame [1-TXT], and place the frame into an uncovered Petri dish in a laminar flow cabinet [2].
2.2.1. Frame corner being grasped TEXT:  Membrane is easily damaged
2.2.2. Talent placing frame into dish
2.3. Then UV-sterilize the membrane for 25-30 minutes [1].
2.3.1. Shot of frame in dish, then UV light coming on over dish
2.4. At the end of the sterilization, add 10 microliters of attachment factor such as Poly-L-lysine [1]. Incubate for 25 minutes at 37-degrees Celsius and at 5 percent carbon dioxide with humidity [2].
(Editor: The authors added quite a bit to 2.4. They changed some of the shot numbers, so I’m not sure how things are slated anymore. I’ve left the authors numbering, but have marked how things were originally slated. I’ve also split off part of the VO because it had become too long.)
2.4.1. [Added Shot]: Talent adding 10 µL drop of poly-L-Lysine on frame
2.4.2. [Added Shot]: Talent placing dish into the incubator
2.4A.   Then, fill the wells of a sterile 48-well plate with 200-250 microliters of 0.22-micrometer-filtered ultra-pure and ultra-trace water per well [3] and use fine tweezers to carefully submerge the membrane vertically with three successive, 10-second rinses in one well of water [4]. After rinsing, place the membrane vertically in an empty well of a sterile 96-well plate under the laminar flow hood, and leave it overnight until dry [5].
2.4.3. Talent adding water to well(s) (Editor: Was originally 2.4.1)
2.4.4. Frame being submerged (Editor: Was originally 2.4.2)
2.4.5. [Added Shot]: Talent put the membrane vertically in an empty well of a 96-well plate
3. Cell Seeding
3.1. For seeding of the cells of interest, place the coated membrane with the flat side facing up in one well of a sterile 4-well plate [1] and add 5 x 104 cells in 10 microliters of an appropriate culture medium to the surface of the silicon nitride membrane without touching the membrane [2-TXT].
3.1.1. WIDE: Talent placing membrane into well
3.1.2. Cells being added to membrane TEXT: e.g., MDA-MB-231 cells; See text for suggested cell preparation details
3.2. The drop should cover the entire membrane [1-TXT].
3.2.1. ECU: Shot of drop covering entire membrane TEXT: Ok if drop spreads to frame
3.3. Then culture the cells at 37-degree Celsius and 5% carbon dioxide with humidity [1].
3.3.1. Talent placing plate into incubator
3.4. When the cells have started to attach to the substrate, slowly add 1 milliliter of complete culture medium down the wall of each well, covering each membrane [1-TXT]. Then culture the cells at 37-degrees Celsius and 5 percent carbon dioxide with humidity [2].
3.4.1. Medium being added to well(s) TEXT: See text for suggested medium preparation details
3.4.2. [Added Shot]: Talent placing plate into incubator
4. Plunge-Freezing
4.1. For cryo-immobilization of the cellular preparation, first turn on an automatic plunge-freezer [1] and fill the appropriate number of wells in a 12-well plastic plate with 37-degree Celsius ammonium acetate buffer [2].
4.1.1. WIDE: Talent turning on freezer
4.1.2. Talent adding buffer to well(s), with buffer container visible in frame
4.2. Immediately before rinsing and plunge-freezing the membrane, remove the sample from the incubator [1] and use the black clamp ring of a pair of quick-release forceps to unlock the tweezers [2].
4.2.1. Talent placing sample onto bench
4.2.2. Tweezers being unlocked
4.3. Use the unlocked tweezers to grasp the membrane support [1] and immerse the membrane vertically within the ammonium acetate buffer solution for about 5 seconds [2]. 
4.3.1. Membrane support being grasped
4.3.2. Membrane being submerged
4.4. To remove any excess buffer, press the bottom of the membrane support onto filter paper to [1] and blot each side of the frame onto the filter paper without allowing the membrane to touch the paper [2]. 
4.4.1. Bottom of support being blotted
4.4.2. Side(s) of support being blotted
4.5. When the excess buffer has been removed, open the environmental chamber door [1], quickly slide the tweezers into the forceps interlock [2], and close the door of the chamber [3].
4.5.1. Talent opening door [Shots 4.5.1 – 4.5.3 combined]
4.5.2. Tweezers being slid into interlock
4.5.3. Door being closed
4.6. Press Blot-A plunge [1]. The tweezers holding the silicon nitride membrane will be quickly plunged into the cryogen [2].
4.6.1. Talent pressing Blot A/plunge
4.6.2. Shot of membrane being plunged if possible
4.7. After plunge-freezing, remove the lid of the transfer container with the pre-cooled forceps [1] and press Transfer [2]. The silicon nitride membrane will be moved slightly above the cryogen [3].
4.7.1. Talent removing lid
4.7.2. Talent pressing Transfer [Shots 4.7.2 and 4.7.3 combined]
4.7.3. Shot of membrane being moved as possible
4.8. In a quick, single movement, slide and slightly tilt the tweezers out of the forceps interlock [1] to bring the tweezers directly into an empty slot of the cryo-box in the transfer container filled with liquid nitrogen [2].
4.8.1. Tweezers being slid and tilted [Shots 4.8.1 and 4.8.2 combined]
4.8.2. Tweezers being moved into empty slot
4.9.  Then release the black clamp ring to free the membrane [1].
4.9.1. Clamp ring being release
5. Plunge-Frozen Cell Freeze-Drying
5.1. For freeze-drying of the plunge-frozen cells, use the rocker switch located on the rear panel of the freeze-drying instrument to power on the instrument [1].
5.1.1. WIDE: Talent turning on instrument
5.2. The display will show Press ENTER when ready to Load sample [1].
5.2.1. SCREEN: Shot of display showing press enter Videographer: please capture
5.3. [bookmark: _Hlk9964279]Mount the silicon nitride membrane brass holder on top of the sample transfer holder provided by the supplier in the polystyrene storage container [1], keeping the level of liquid nitrogen to about 1-2 millimeters below the top edge of the first brass piece [2].
5.3.1. Si3N4 holder being mounted onto sample transfer holder
5.3.2. Shot of LN2 level below edge of first brass piece
5.4. Place the membrane with the cell sample side facing up in the brass holder numbered cavity [1] and pre-cool the transfer rod in a liquid nitrogen-filled polystyrene foam box [2].
5.4.1. Membrane being placed into cavity
5.4.2. Talent placing rod into LN2
5.5. Use the rod to lock in the full assembly [1] and press “ENTER” to break the vacuum to release the lid of the freeze dryer chamber [2], immediately transfer the sample in the freeze dryer chamber and close the lid of the freeze dryer chamber [3].
5.5.1. Assembly being locked in
5.5.2. Talent pressing ENTER to break vacuum
5.5.3. [Added Shot]: Assembly transferred and lid being closed
5.6. Then, immediately press START to continue with the freeze-drying cycle [1].
5.6.1. [bookmark: _GoBack]Talent pressing Start
5.7. At the end of the freeze-drying cycle, press STOP to vent the chamber [1] and remove the full assembly to access the freeze-dried samples [2].
5.7.1. Talent pressing Stop
5.7.2. Talent removing assembly



Section – Results
6. Results: Representative X-Ray Fluorescence Imaging of Frozen Hydrated and Freeze-Dried Cells 

6.1. Here a typical optical video microscope view of frozen hydrated breast cancer cell line cells [1] sub-cultured onto a poly-L-lysine coated silicon nitride membrane support as demonstrated is shown [2].

6.1.1. LAB MEDIA: Figure 7A: JoVE Video Editor please emphasize dark circles/cells on Si3N4 membrane
6.1.2. LAB MEDIA: Figure 7A

6.2. X-ray fluorescence elemental mapping of the frozen hydrated cells reveals the distributions of physiological elements [1], such as potassium [2], sulfur [3], and zinc [4].

6.2.1. LAB MEDIA: Figure 7B
6.2.2. LAB MEDIA: Figure 7B: JoVE Video Editor please emphasize K image
6.2.3. LAB MEDIA: Figure 7B: JoVE Video Editor please emphasize S image
6.2.4. LAB MEDIA: Figure 7B: JoVE Video Editor please emphasize Zn image

6.3. In this representative example, the tightly bound sulfur element was evenly distributed within the cell [1] in a similar pattern to that observed for potassium [2] and represents a good estimate of the cellular mass profile [3].

6.3.1. LAB MEDIA: Figure 7B: JoVE video Editor please outline/emphasize red/yellow signal in center of S image
6.3.2. LAB MEDIA: Figure 7B: JoVE video Editor please outline/emphasize red/yellow signal in center of K image
6.3.3. LAB MEDIA: Figure 7B

6.4. The zinc distribution, however, exhibited a higher signal within the nucleus [1] than in the cytosol [2], with a clearly defined separation of the signal between the cytosol and the nucleus [3].

6.4.1. LAB MEDIA: Figure 7B: JoVE Video Editor please emphasize red signal in center of Zn image
6.4.2. LAB MEDIA: Figure 7B: JoVE Video Editor please emphasize purple signal in Zn image
6.4.3. LAB MEDIA: Figure 7B: JoVE Video Editor please outline/emphasize boundary between red oval nucleus signal and purple cytosol signal

6.5. In this typical bright field microscopy view of freeze-dried primary mouse hippocampal neurons directly cultured on a silicon nitride membrane as demonstrated [1], the cells exhibit a typical neural morphology that is unaffected by their culture or preservation method [2].

6.5.1. LAB MEDIA: Figure 8A
6.5.2. LAB MEDIA: Figure 8A: JoVE Video Editor please emphasize/outline at least one neuron

6.6. X-ray fluorescence imaging of plunge-frozen cells [1] also reveals typical elemental distributions, as exhibited by these representative freeze-dried cells at a 50-100 nanometer spatial resolution [2].

6.6.1. LAB MEDIA: Figure 8B
6.6.2. LAB MEDIA: Figure 8B: JoVE Video Editor please sequentially emphasize red and yellow signals in center of K, S, and Zn images





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Sylvain Bohic: Blotting the silicon nitride window is critical for obtaining the thinnest possible ice layer over the cells after plunge-freezing [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 4.4.)
7.2. Sylvain Bohic: Preserving the chemical integrity of the cells at the sub-cellular level allows the metallome of the cells to be explore with synchrotron nanoprobes as well as with other micro-analytical techniques [1]. 
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Caroline Bissardon: As not all synchrotron nanoprobe analysis can be performed at cryogenic temperatures, the frozen-hydrated cells can be further freeze-dried to facilitate their analysis at room temperature [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.4. Caroline Bissardon: Remember to use the appropriate personal protective equipment when working with liquid nitrogen and to always use ethane gas in a fume hood away from flames [1].
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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