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

If you would like to image the crystals during the splat assay, it is possible to attach a camera to our port. The microscope is a Olympus Tokyo Microscope dissection 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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 2.1, 3.8, 3.11, 5.2, 5.4, 5.5
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 to be filmed by their protocol numbers. (Please do not list an entire section.) None of these steps are particularly difficult in themselves.
E.  Will the filming need to take place in multiple locations? 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 protocol is to identify novel ice-binding proteins, or IBPs, from plants by testing for ice-binding activity and isolating native peptides using ice-affinity purification (Intro).
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Melissa Bredow: This method can help answer key questions in the field of plant freeze tolerance, specifically the role of ice-binding proteins [1-MED]. 
1.1.1. Melissa speaks towards camera, interview style.
1.2. Melissa Bredow: The main advantage of this technique is that it allows you to isolate IBPs from crude homogenates without the use of complicated purification methods [1-MED].   
1.2.1. Melissa speaks towards camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Virginia Walker: Though this method can provide insight into the role of IBPs in freeze protection, it can also be applied to other systems, such as isolation of IBPs produced by insects, fish, and microbes [1-MED].
1.3.1. Virginia speaks toward camera, interview style.
1.4. Heather E. Tomalty: Visual demonstration of this method is critical as the apparatus setup can be difficult to conceptualize [1-MED].   
1.4.1. Heather speaks toward camera, interview style.
Note to authors – the speakers for the optional interview statements must be different than Melissa since she is speaking in the required interview statements.  Also, each statement must be spoken by a different author.  If the authors I’ve listed here wish not to speak, please just remove these statements.

Protocol (read by voice talent at JoVE):

2. Preparation of native protein extracts for ice-recrystallization inhibition (IRI) analysis

2.1. Begin this protocol with splat apparatus setup as described in the text protocol [1-BROLL].
2.1.1. Scan the splat apparatus all set up.  
2.2. To induce the expression of ice-binding proteins, or IBPs, in freeze-tolerant grasses or other freeze-tolerant plant species, cold acclimate plants for up to 1 week at 4 degrees Celsius, under low light conditions [1-MED-TXT]. 
2.2.1. Talent leaves plants at 4 degrees Celsius under low light conditions.  (Authors, to answer your question, please keep some plants so that they can be visualized before processing). TEXT Overlay: 6 h light/ 18 h dark
2.3. Obtain approximately 0.1 gram of leaf tissue by cutting at the base of the stem [1-CU], and then placing in a 1.5 milliliter tube [2-MED-over the shoulder].  Immediately flash freeze the sample in liquid nitrogen and store at minus 80 degrees Celsius until use [3-CU-TXT].
2.3.1. Leaf tissue as talent cuts at the base of the stem.
2.3.2. Talent places the leaf tissue in a 1.5 milliliter tube.
2.3.3. Sample as talent flash freezes it in liquid nitrogen.  TEXT Overlay (as narrated): store sample at -80º C
2.4. To lyse the cells, grind the tissue sample into a fine powder using a mortar and pestle under liquid nitrogen [1-MED-over the shoulder].  Ensure that the liquid nitrogen does not evaporate during the homogenization process [2-CU].
2.4.1. Talent grinds the tissue sample into a fine powder using a mortar and pestle under liquid nitrogen.  Continue action in next shot.
2.4.2. Sample in liquid nitrogen as talent grinds it into a fine powder.
2.5. Immediately place the ground samples on ice and allow the liquid nitrogen to completely evaporate [1-MED].  Then, add 1 milliliter of a native protein extraction buffer [2-CU-TXT], and pipette to mix [3-MED-TXT]. 
2.5.1. Talent places the ground samples on ice.
2.5.2. Samples as talent adds 1 mL of native protein extraction buffer from a labeled container.  TEXT Overlay: see text for preparation of protein extraction buffer
2.5.3. Talent pipettes the sample to mix.  TEXT Overlay: do not vortex
2.6. Gently shake the samples overnight at 4 degrees Celsius, and conduct the remaining steps at the same temperature [1-MED-over the shoulder-TXT].
2.6.1. Talent starts the samples shaking at 4 degrees Celsius.  TEXT Overlay (as the first sentence is narrated): 18-24 h
2.7. The next day, remove cellular debris by centrifuging the samples at approximately 16,000 x g for 5 minutes [1-MED].  Retain the soluble fraction and centrifuge for an additional 5 minutes if cellular debris persists [2-CU].  Clarified samples can be stored at minus 20 degrees Celsius until use [3-MED-over the shoulder].
2.7.1. Talent places the samples into the centrifuge.
2.7.2. Soluble fraction as talent removes from centrifuged sample.  
2.7.3. Talent places the clarified samples into the freezer.
3. Splat assay pre-experiment set up and Conducting the splat assay
3.1. Pour 100 milliliters of hexane into the external chamber set up with the polarized film [1-MED-over the shoulder] and add 5 to 6 desiccation beads to prevent moisture build up on the slides [2-CU].  
3.1.1. Talent pours 100 mL of hexane into the external chamber set up with the polarized film.
3.1.2. Chamber as talent adds 5-6 desiccation beads to prevent moisture build up on the slides.
3.2. Then, add a small amount of vacuum grease to the plate covering the bath and twist to ensure a tight seal and prevent evaporation of the hexane [1-MED].
3.2.1. Talent adds a small amount of vacuum grease to the plate covering the bath and twists to ensure a tight seal.
3.3. Cool the hexane bath between minus 4 degrees Celsius and minus 6 degrees Celsius using the programmable water bath approximately 2 to 3 hours before starting the experiment [1-MED-over the shoulder-TXT].  
3.3.1. Talent programs the hexane bath to cool between -4 degrees Celsius and -6 degrees Celsius.  TEXT Overlay: check the hexane temp before experiment 
3.4. Forty minutes prior to starting the experiment, place the cooling block in a polystyrene box directly below the plastic tube and cover it completely with dry ice [1-CU].
3.4.1. Cooling block as talent places it in a polystyrene box directly below the plastic tube and covers it with dry ice. 
3.5. Before beginning the assay, ensure that the tube is level [1-MED].  Then, remove the dry ice from the top of the cold block [2-MED-over the shoulder]. 
3.5.1. Talent ensures that the tube is level.
3.5.2. Talent removes the dry ice from the top of the cold block.
3.6. First, test this procedure with water to determine where on the cooling block the sample will drop [1-MED].  Dip the disposable tip affixed to an automatic pipette in immersion oil, which will allow the sample to fall rather than adhere to the outside of the pipette [2-CU-TXT]. 
3.6.1. Talent affixes a disposable pipette tip to an automatic pipette.
3.6.2. Automatic pipette with disposable tip as talent dips in immersion oil.  TEXT Overlay: use 1-20 μL pipette
3.7. Use a paper towel to remove any excess oil [1-MED-over the shoulder].  Then, aspirate 10 microliters of water [2-CU].  Place the pipette directly over the plastic tubing before releasing the water [3-MED-over the shoulder].  
3.7.1. Talent removes excess oil from the pipette tip. 
3.7.2. Pipette as talent aspirates 10 microliters of water.
3.7.3. Talent places the pipette directly over the plastic tubing.
3.8. A distinct ‘splat’ sound should be heard when the water hits the cooling block, creating a monolayer of ice crystals [1-SCOPE].
3.8.1. Cooling block/pipette as the drop falls and hits the cooling block creating a monolayer of ice crystals.  Videographer – please try to obtain the audio of the ‘splat sound.’  Editors, if the ‘splat’ is audible, please consider playing it after the narration. 
3.9. Next, place a glass microscope cover slide on the drop mark that has been determined with water [1-CU].
3.9.1. Talent places a glass microscope cover slide on the water drop mark.
3.10. Immediately before starting assay, turn on the light source and scrape any ice that has formed on the bottom of the glass chamber [1-MED-TXT].  
3.10.1. Talent turns on the light source and scrapes ice off the bottom of the ice chamber.  TEXT Overlay: keep light source off when not using to prevent heating the hexane
3.11. Then, perform the splat assay with the sample as done for the water, releasing 10 microliters of the sample onto the glass cover slide to create a monolayer of ice crystals [1-SCOPE].
3.11.1. Sample falls onto the glass cover slide and creates a monolayer of ice crystals.
3.12. Quickly and carefully remove the microscope slide from the cold block using tweezers and place in the hexane bath on top of the polarizing film [1-CU or MED-over the shoulder].
3.12.1. Microscope slide as talent quickly and carefully removes it from the cold block using tweezers and places in the hexane bath on top of the polarizing film.
3.13. Looking under the microscope, put the microscope slide into the field of view and adjust the objective lens so that the cross-polarization allows for the visualization of high contrast ice crystals [1-MED-TXT].
3.13.1. Talent looks under the microscope and adjusts the slide for visualization.  TEXT Overlay: 40x magnification 
3.14. Attach the camera to the microscope and adjust the settings to “macro” to allow clear visualization of ice crystals and capture the image [1-CU].
3.14.1. Camera as talent attaches to the microscope and adjusts the settings to “macro.” 
3.15. Repeat these steps for all samples. Typically, place up to 6 slides with a different sample in the hexane chamber [1-MED-over the shoulder].
3.15.1. Talent places a sixth slide into the hexane chamber.
3.16. Once finished, turn off the light source [1-MED].  Then place a plastic plate over the hexane bath, ensuring a tight seal, and allow ice crystals to anneal overnight [2-CU-TXT].  Following incubation, capture images of the ice films as before [3-MED-TXT]. 
3.16.1. Talent turns off the light source.
3.16.2. Hexane bath with slides as talent places a plastic plate over it and ensures a tight seal.  TEXT Overlay: 12-24 h, keep annealing period consistent
3.16.3. Talent captures images of the ice films with the camera/microscope setup.  TEXT Overlay: see text for splat assay data analysis
4. Preparation of samples for ice-affinity purification
4.1. After cold acclimating the plant tissue as before, collect approximately 100 to 150 grams of the ground biomass in 20 milliliter tubes [1-CU].  Immediately flash freeze the samples and keep them at minus 80 degrees Celsius before use [2-MED-over the shoulder].
4.1.1. 20 mL tubes as talent collects ground biomass there.
4.1.2. Talent flash freezes the samples.
4.2. Prepare the sample as before, using a 1 to 1 ratio for resuspension of the leaf tissue [1-MED-TXT].  Use additional protease inhibitor tablets to avoid the degradation of IBPs by endogenous proteases [2-MED-over the shoulder]. 
4.2.1. Talent resuspends the sample.  TEXT Overlay: 1 mg of tissue: 1 mL of native protein extraction buffer
4.2.2. Resuspended sample as talent adds protease inhibitor tablets.
4.3. To remove cellular debris, sieve the lysate through 2 layers of cheesecloth, 3 times [1-CU].  Pellet the debris by centrifugation at 30,000 x g for 40 minutes at 4 degrees Celsius [2-MED].
4.3.1. Lysate as talent sieve through 2 layers of cheesecloth.
4.3.2. Talent places the sample into the centrifuge, shuts lid and starts run. 
4.4. Then, increase the volume of sample to 120 milliliters using native protein extraction buffer and use the lysate immediately for ice-affinity purification to avoid any loss of ice-binding activity [1-CU].
4.4.1. Sample as talent increases the volume to 120 milliliters.
5. Conducting ice-affinity purification
5.1. Prior to purification, set the programmable water bath to cool from minus 0.5 degrees Celsius to minus 3 degrees Celsius at a rate of minus 0.04 degrees Celsius per hour [1-MED-over the shoulder].
5.1.1. Talent sets the programmable water bath to cool from minus 0.5 degrees Celsius to minus 3 degrees Celsius at 0.04 degrees Celsius per hour. 
5.2. After cooling the ice finger to minus 0.5 degrees Celsius, subsequently submerse it into a 50 milliliter tube containing cold distilled water [1-CU].  Add a few ice chips to facilitate ice nucleation and allow a thin layer of ice to form on the finger [2-MED-over the shoulder].  This process typically takes between 20 and 30 minutes [3-ECU]. 
5.2.1. Ice finger as talent submerses it into a 50 mL tube containing cold distilled water.
5.2.2. Talent adds a few ice chips.
5.2.3. Ice finger as the thin layer on finger becomes visible.
5.3. Place the sample in a 150 milliliter glass beaker containing a small magnetic stir bar, which is placed in a polystyrene container on top of the magnetic stirrer [1-MED].  Make sure that the ice finger is centered and lowered at least half way into the liquid sample [2-CU].  Then, seal the container [3-MED].
5.3.1. Talent places the sample into a 150 mL glass beaker containing a small magnetic stir bar into a a polystyrene container on top of the magnetic stirrer.
5.3.2. Ice finger as it is lowered at least half way into the liquid sample.
5.3.3. Talent seals the container.
5.4. Allow the program to run for approximately two days, checking every 24 hours [1-MED-over the shoulder].  Once 50% of the sample is frozen, stop the program.  Incorporation of IBPs into the ice hemisphere will result in “ice-etching” [2-ECU]. 
5.4.1. Talent starts the program running.
5.4.2. Sample showing “ice-etching” as talent stops the program.
5.5. To remove the ice hemisphere, warm the probe to 4 degrees Celsius [1-MED-over the shoulder].  Then, rinse the hemisphere with distilled water to remove unbound protein, and thaw at 4 degrees Celsius [2-ECU].
5.5.1. Talent leaves the probe to warm to 4 degrees Celsius.
5.5.2. Hemisphere as talent rinses with distilled water. 
5.6. If the ice-hemisphere still contains pigment, or to increase the sample purification, repeat the purification steps 2 to 3 times [1-MED]. 
5.6.1. Talent repeats a step in the purification.
6. Results: Ice-hemispheres grown using IBP extracts collected from the freeze-tolerant grass, L. perenne
6.1. Shown here are extracts collected from a buffer control lacking IBPs [1-LM] and extracts from wild-type Arabidopsis thaliana (pronounced as “Ah-rah-bi-dop-sis thal-eye-an-ah”) that do not contain IBPs [2-LM].  After eighteen hours, the extracts are unable to restrict ice crystal growth [3-LM].  
6.1.1. Figure 3.  Editors, please highlight the left-most column labeled “Buffer.”
6.1.2. Figure 3.  Editors, please highlight the middle column labeled “-IBP.”
6.1.3. Figure 3.  Editors, please highlight the left-most bottom panel and middle bottom panel.
6.2. In contrast, the small ice crystals seen with extracts of transgenic A. thaliana expressing IBPs from cold acclimated Lolium perenne (pronounced as “low-li-um per-ren”) [1-LM] restrict ice crystal growth substantially [2-LM].
6.2.1. Figure 3.  Editors, please highlight the right-most column labeled “+IBP.”
6.2.2. Figure 3.  Editors, please highlight the right-most bottom panel.
6.3. After the first round of purification, the high degree of ice-etching on the hemisphere surface indicates that IBPs have adsorbed to the ice and modified growth of the ice crystals [1-LM].
6.3.1. Figure 4_noABlabels.  Authors, please provide a version of figure 4 without the A and B labels.  Editors, please highlight the left-most image.
6.4. To remove additional solutes, pigments, and contaminating proteins, a second round of ice-affinity was used, resulting in a clearer ice-hemisphere [1-LM].
6.4.1. Figure 4_noABlabels.  Authors, please provide a version of figure 4 without the A and B labels.  Editors, please highlight the right-most image.
7. Conclusion (said by authors on camera)
7.1. Melissa Bredow: Following this procedure, evaluation of ice crystal shaping and thermal hysteresis using a nanoliter osmometer can be performed to further characterize the isolated IBPs.  Additionally, the ice-purified proteins can be sent for mass spectrometry to identify the peptide sequence [1-MED].
7.1.1. Melissa speaks toward 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.  

Insert your media filenames here.
Figure 3

Figure 4_noABlabels - Authors, please provide a version of this figure without the A and B labels.  
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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