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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _yes___ If yes, please list make and model of your microscope: __Nikon A1R Si_____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__yes_ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___setting up the sample on the microscope.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _____Determining the correct acquisition settings for the imaging.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:

This experimental system acquires high-resolution 3D fluorescence images in live cells to monitor and assay the spatiotemporal dynamics of protein folding quality control. (Intro) First, prepare the cells to study the rapidly moving protein complexes (Schematic figure: upper left). Acquire a Z-stack of images at high Z-resolution. (Schematic figure: upper right) Then acquire a time-series composed of Z-stacks (Schematic figure: lower right). Next, render the resulting images in a 3D movie and analyze the resulting images (Schematic figure: lower left) Ultimately, 4D imaging enables tracking the dynamic and transient phenomena in cells at different conditions  (LAB MEDIA: Figure 3)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Additional introductory scene:

Daniel: Hi, welcome to the Kaganovich Lab. I'm Dan.

Alma: I'm Alma.

Maya: I'm Maya.

Hali: I'm Hali.

Maya: Today, we're going to tell you about 4D imaging of protein aggregation in live cells.
1.1. Daniel Kaganovich: The main advantage of 4D imaging over existing methods, like wide-field microscopy and time-lapse, is that it allows us to simultaneously visualize the dynamics and spatio-temporal distribution of the entire population of proteins in the cell at high resolution.   

1.2. Hali Spokoini: This method can help answer key questions in the field of the cell biology of protein aggregation quality control and protein folding. These are highly dynamic and transient processes, hence without high temporal and spatial resolution many of them would be impossible to observe.  

1.3. Maya Shamir: This method can provide insight into aggregation quality control. It can also revolutionize the study of protein interaction and dynamics.

1.4. Alma Keness: Generally, individuals new to this method will struggle because taking 3D movies of endogenously tagged or low expressing proteins requires the stability of the system, high sensitivity, and low photobleaching.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Yeast preparations
2.1. Transform the yeast strains with an expression plasmid for a fusion protein of fluorophore linked to a cytosolic folding sensor protein, like the temperature sensitive mutant of the Ubc9. 

2.1.1. CU/ECU: Talent removes yeast transformation plate from incubator  (make sure to get shot of label GAL1-GFP-Y68L (UBC9ts) ).

2.2. Grow the yeast in synthetic media containing 2% raffinose for 24 hours [Text over video: 30°C, 200 rpm]. Then back dilute to 2% galactose-containing media for overnight. 

2.2.1. MED/CU: Talent removes O/N culture from incubator.

2.2.2. ECU: Talent back dilutes culture to 2% galactose-containing media.

2.3. Dilute the query strain to an OD600 of about 0.2 and culture for 4 to 6 hours until the culture reaches an OD600 between 0.8 and 1.0. 

2.3.1. MED: Talent measures OD of diluted query strain to an OD600 (The measuring is demonstrated with preparation of the sample in the special glass holder used in OD-meter)
2.3.2. MED: Talent places culture in shaking incubator.
2.4. Thirty minutes prior to imaging, repress the expression with synthetic media supplemented with 2% glucose.

2.4.1. CU: Talent adds synthetic media supplemented with 2% glucose.

2.5. Talent: This step allows monitoring of only the already-translated and folded pool of the expressed protein.  

2.5.1. Interview style: Talent looks up from the lab bench and says the above.
2.6. Now heat shock the cells for 20 minutes at 37°C to induce misfolding.

2.6.1. CU: Talent places cells at 37°C and sets timer for 20 minutes.

3. Plate\Slide preparations
3.1. Select an appropriate plate to maintain focus during 4D-imaging acquisition [Text over video: see accompanying manuscript]. Cover the bottom of the plate with 0.25mg/mL ConA for 10 minutes. 

3.1.1. MED-over-the-shoulder: Talent selects a  35 millimeter plate

3.1.2. CU: Talent covers the bottom of a few wells with 0.25mg/mL ConA.

3.2. Talent: ConA is used to adhere cells to the slide, which enables following a single cell over time.

3.2.1. Interview style: Talent looks up from the workbench and says the above.
3.3. Aspirate the ConA, and air dry the plate in a chemical hood. Then add 200µL of yeast sample [Text over video: OD=0.5]. 

3.3.1. ECU: Talent aspirate the ConA

3.3.2. MED: Talent places the plate to air dry in a chemical hood. 

3.3.3. ECU: Talent adds 200µL of yeast sample to  the plate.
3.4. Incubate for 15 minutes to enable cells to adhere to the plate. Perform three washes with media to obtain a single layer of cells.

3.4.1. CU: Talent sets timer for 15 minutes.

3.4.2. ECU: Talent performs a wash with media.

3.5. Talent: If a long time lapse is planned, seed the cells sparsely so that new buds won't fill and interrupt the region of interest.

3.5.1. Interview style: Talent looks up from the lab bench and says the above.
4. Microscope preparations
4.1. For yeast imaging, use a confocal microscope with a few non-standard modifications as detailed in the accompanying text. This yeast imaging system uses up to four lasers and up to four photomultiplier tubes equipped with filters. 

4.1.1. SECTION TITLE

4.1.2. BROLL: Confocal microscope (show instrument set-up – if possible, some key non-standard  modifications)

4.2. Talent: Most of our imaging is done with a green filter set for EGFP and a red filter set for mCherry and tdTomato. 

4.2.1. Interview style: Talent looks up from confocal microscope and says the above.
4.3. Also equip the confocal with a PInano Piezo stage, Perfect Focus system, and both the galvano and resonant scanners. 

4.3.1. MED/CU: Talent indicates a PInano Piezo stage, , Perfect Focus system, and both the galvano and resonant scanners. (note: order to match voice over)

4.5   Equilibrate the microscope system  until the desired temperature is reached before imaging. This should go before 4.4.
4.5.1.  MED/CU: Talent shows experimental temp

4.4. Based on the refractive index of the imaging medium versus the medium of the sample, select the appropriate objective: water, oil or air [Text over video: see accompanying text]. Adjust the correction collar, according to the thickness of the plate. Clean the objective using lens wipes with ethanol. Also clean the slide carrying the sample. Place the plate on the stage holder securely and verify the stability of the sample holder.
4.4.1. ECU: Talent indicates selected objective (Note to video editor: The authors added much of the narrative after the shoot. No indication if the shot was expanded to match. If not, maybe the cleaning instructions can be put as TEXT and left out of the VO?)
4.6.4. ECU: Talent checks stability of the sample holder.
4.5. Equilibrate the microscope system  until the desired temperature is reached before imaging. This should go before 4.4.
4.5.1. MED/CU: Talent shows experimental temp

4.6. To ensure correct settings for every sample, adjust the correction collar while using fluorescent beads to visualize the point spread function. 

4.6.1. MED/CU: Talent adjusts the correction collar while using fluorescent beads to visualize the point spread function.- This wasn't possible to film. 

4.6.2. SCOPE: Talent visualizes the beads, making sure that the light diffraction pattern is completely round.

4.6.3. MED/CU: If the light diffraction pattern isn't completely round, readjust the correction collar. 

4.6.4. ECU: Talent checks stability of the sample holder.

4.7. Talent:  We find that most commercially available sample holders are the weakest part of the microscope. They are often wobbly and not straight. This is a disaster for high-resolution, multi-point 4D imaging. 

4.7.1. Interview style; Talent looks up from confocal microscope and says the above.
5. Imaging
5.1. With the eye port, determine the location and orientation of the yeast. Next, switch on the required epifluorescent light, and focus on cells displaying the relevant phenotype.  Then using brightfield, assess cell health and viability according to shape and texture.
5.1.1. SCREEN: Talent switches on the FITC filter for GFP.

5.1.2. SCOPE: Talent focus on cells displaying the relevant phenotype. Talent uses brightfield to assess cell health and viability according to shape and texture

5.2. Then using brightfield, assess cell health and viability according to shape and texture. 

5.2.1. . 

5.2.2. . 

5.2.3. SCOPE:.

5.3. For cell viability evaluations, visualize the nucleus with a tdTomato fluorophore fused to an SV40 NLS signal. 

5.3.1. SCREEN: Talent visualizes the nucleus with a tdTomato fluorophore fused to an SV40 NLS signal.

5.4. Talent: TFP is twice the size of GFP. Since it is above the diffusion limit of the nucleus, it works very well as a nuclear marker. 

5.4.1. Interview style: Talent looks up from microscope and says the above.

5.5. Excite the TFP with a green 488nm laser simultaneously as GFP, but collect the green and red emissions into two separate PMTs for spectral resolution. 

5.5.1. SCREEN: Talent excites the TFP with a green 488nm laser simultaneously as GFP, and collects the green and red emissions into two separate PMTs for spectral resolution.

5.6. To minimize noise and oversaturation, adjust the laser power and pinhole diameter as detailed in the accompanying manuscript. If different fluorophores emit congruent wavelength, use the Spectral Detector feature which enables the choice of virtual filters. 

5.6.1. SCREEN: Talent adjusts the laser power and pinhole diameter.

5.6.2. SCREEN: Talent uses the Spectral Detector feature to choose appropriate virtual filters.

5.7. Proceed to acquire time-lapse images as per experimental design.

5.7.1. SCREEN: Talent verifies settings to acquire time-lapse images.

6. Results: Modeling protein misfolding with GFP–Ubc9ts 
6.1. The misfolded protein Ubc9ts provides a model system to follow aggregation quality control over time and space in the cytosol. At the permissive temperature Ubc9ts is folded and diffuse in the nucleus and cytosol.

6.1.1. LAB MEDIA: Figure 1 Show ubc9ts.

6.2. Upon heat-induced misfolding it initially forms rapidly diffusing small cytosolic aggregate puncta that are processed for proteasomal degradation. When the proteasome is partially inhibited, these puncta are converted into JUNQ and IPOD inclusions over the course of about 2 hours.

6.2.1. LAB MEDIA: Figure 1 , arrow to polyUB 

6.2.2. Then add JUNQ degradation+ nucleus, and IPOD+vacuole.

6.3. Under normal conditions, GFP-Ubc9ts is natively folded, and is localized diffusely in the nucleus and the cytosol, as seen here in green. Upon temperature shift to 37°C, the fusion protein is misfolded and forms cytosolic puncta aggregates. 

6.3.1. LAB MEDIA: Figure 2 first left photo

6.3.2. LAB MEDIA: Figure 2 first and second photos..

6.4. Upon recovery from heat shock at 23°C, the thermally denaturated GFP-Ubc9ts is degraded, as indicated by decreased fluorescence level. The nucleus is labeled red by NLS-TFP.

6.4.1. LAB MEDIA: Figure 2 middle photo

6.5. When the temperature shift to 37°C is coupled with proteasome inhibition, the GFP-Ubc9ts is misfolded and processed into JUNQ and IPOD inclusions.

6.5.1. LAB MEDIA: Figure 2 fourth photo (MG132)

6.6. Here, the Ubiquitin Protease 4 is overexpressed to block ubiquitination. Inhibition of ubiquitination together with the temperature shift, results in GFP-Ubc9ts processing into the IPOD inclusion. 
6.6.1. LAB MEDIA: Figure 2 last photo 
6.7. These time lapse images, acquired at 4 minute intervals, clearly depict the dynamics of JUNQ and IPOD formation.
6.7.1. LAB MEDIA: Figure 3
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Maya: This technique can be used to monitor cellular proteostasis over time, by using Ubc9ts as a folding sensor. 4D imaging can also be done in other model systems such as mammalian cells and C. elegans.

7.2. Dan: 4D imaging also allows insight into other subtle events in aggregation quality control, such as the formation and dynamic of soluble aggregate  stress foci, and the delivery of aggregates to the JUNQ and the IPOD compartments. 

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, 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, as well as an introduction to your videographer, closer to your filming date.
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