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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Y  
If Yes, can you record movies/images using your own microscope camera?
Y

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 40


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Meghan Lee Arnold: We characterize the in vivo molecular mechanisms of aggregate and organelle extrusion from neurons via a process called exophergenesis, poorly understood biology likely relevant to neurodegenerative disease pathology spread [1]. 

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

REQUIRED: 

1.2. Jason Fisk Cooper: These approaches are necessary for achieving reproducible scoring of extruded neuronal exophers and demonstrate a platform for the mechanistic dissection of cellular-trash elimination via neuronal transfer to neighboring cells [1]

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

OPTIONAL: 
1.3. Meghan Lee Arnold: Defining in vivo mechanisms of how neurons eject aggregates may influence the design of novel strategies to aid in the treatment of human neurodegenerative conditions [1].  

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

NOTE to Video Editor: Heads up, this one may take longer than usual. Protocol postshoot notes were a bit of a mess. Authors had a lot of requests, including a tip step with its own title card. 

NOTE to VO: Please look out for added VO steps. One numbered 2.7, one immediately after 4.4, and another after 4.6.

Protocol
2. Exopher Detection
2.1. For basal conditions, house C. elegans of the same biological age at a constant temperature of 20 degrees Celsius [1-TXT].
2.1.1. WIDE: Talent placing animals at 20 °C TEXT: Variable temperatures cause variations in maximal exopher production timing . Author NOTE: Please use shot of Jason walking to 20C incubator and inserting box in incubator.
2.2. For live imaging of the intracellular dynamics and characteristics of exophergenesis, place up to 20 animals onto an agarose pad on a glass microscope slide [1] and immobilize the animals [2-TXT].
NOTE: Switch order of 2.2.1 and 2.2.2 
2.2.1. Worm(s) being placed onto pad. Author NOTE: Please use shot of Meghan, looking under dissecting microscope, picking worms, and adding them onto the levamisole-agar pad on top of a microscope slide 
2.2.2. Talent pipetting levamisole immobilization material onto agar pad, with material container visible in frame TEXT: See text for suggested immobilization method details.  Author NOTE: Please use shot of Meghan pipetting 10uL Levamisole onto flattened agar pad
2.3. Carefully place a coverslip over the paralyzed worms [1] and place the slide onto the stage of a confocal fluorescence microscope [2]. Author NOTE: The 2 shots were filmed in separate locations
2.3.1. Coverslip being placed Author NOTE: Please use shot of Meghan adding coverslip over the slide next to dissecting scope
2.3.2. Talent placing slide onto stage Author NOTE: Please use shot of Meghan adding imaging oil onto slide and placing the slide onto the confocal microscope stage.
2.4. Use a 10-40x objective to identify the desired Z-plane in bright-field [1], taking note of the positioning of the worm, the head-tail orientation, and the vulva location, which are landmarks for later neuronal and exopher identification [2].
2.4.1. NOTE: Move this shot to the last section of 2.6 as noted below Talent selecting objective, with monitor visible in frame.
2.4.2. SCREEN: shot_2.4.2:00:08- 00:14 Video Editor: please emphasize head, tail, and vulva when mentioned. Author NOTE: Shot is showing DIC image of animal in 10x. Please annotate head, tail, and vulva in shot
2.5. Staying in the same Z-plane, switch to widefield fluorescence viewing at 10-40x for the chosen cytosolic reporter [1] and scroll within the Z-axis to observe the depth of the animal and the fluorescence expression in the focal plane [2].
2.5.1. SCREEN: shot_2.5.1: 00:02-00:11 Video Editor: please speed up. Author NOTE: Comment: this segment is just showing selection of L-confocal red fluorescence. 
2.5.2. SCREEN: shot_2.5.1: 00:11-00:32 Video Editor: please speed up. Author NOTE: Good to keep the same annotations on the video of the head, tail, and vulva as in 2.4.1. This screen shot is the same animal-view as 2.4.1, but in fluorescence. This screen shot only shows the z-scrolling in fluorescence. 
2.6. The head will have a fluorescent nerve ring and the more pointed tail will contain 1-2 visible posterior lateral microtubule somas [1].
2.6.1. SCREEN: shot_2.6.1: 00:01-00:10  Author NOTE: please keep the annotation of the head, tail, and vulva, as in shot 2.5.1 and 2.4.1, same animal. 
Added step: 2.7. Higher magnification of 63x can help to identify the nerve ring, neuronal processes and soma bodies [WIDE 2.4.1 and CU of microscope stage].
WIDE 2.4.1 – Meghan selecting higher magnification (63x) objective on monitor, and the microscope objective changing. 
CU of the microscope stage area, showing the objective changing NOTE: Not sure how this is slated
3. Touch Neuron Identification
3.1. Once the round soma body/bodies are in focus, it is important to identify all the neurons nearby. For touch neuron identification [1], first find the ALML (A-L-M-L) [2-TXT], ALMR (A-L-M-R), [3-TXT], and AVM (A-V-M) soma [4-TXT], which should be the brightest signals and marked by a round cell body at the end of the process [5]. Author NOTE: Move this step, along with the shots, between 3.3 and 3.4.
3.1.1. WIDE: Talent at microscope, looking at worm. Author NOTE: Please use shot of Meghan at the microscope, with fluorescent worm on monitor.
3.1.2. LAB MEDIA: Figure 3A top schematic Video Editor: please emphasize ALML and soma TEXT: ALML: anterior lateral left. Author NOTE: Please use high-resolution versions of the Figures
3.1.3. LAB MEDIA: Figure 3A top schematic Video Editor: please emphasize ALMR text and soma TEXT: ALMR: anterior lateral right
3.1.4. LAB MEDIA: Figure 3A top schematic Video Editor: please emphasize AVM text and soma TEXT: AVM: anterior ventral microtubule
3.1.5. SCREEN: shot_3.1.5: 00:48-00:55 Author NOTE: shot showing 63-100x of round soma body
3.2. First, it is helpful to identify the the nerve ring, located in the head of the animal, and lateral neuronal processes. To do so, start at the head of the worm [1] and slowly scroll through the Z-axis to identify the plane of the nerve ring where the neuronal process are attached. [2].
3.2.1. SCREEN: shot_3.2.1: 00:10-00:17 Author NOTE: Show showing fluorescent nerve ring at 63x. Voice-over-of 3.2. Combine 3.2.1 and 3.2.2 to be continuous. 
3.2.2. SCREEN: shot_3.2.1: 00:26-00:34 Video Editor: can speed up Author NOTE: Shot showing that the fluorescent nerve ring is the head by showing DIC image (grey worm). 
3.3. Once the nerve-ring has been identified, in fluorescence view, follow the attached neuronal process laterally in the posterior direction toward the vulva, where the soma will be apparent [1].
3.3.1. SCREEN: shot_3.3.1: 00:04-00:17 Video Editor: please speed up. Author NOTE: Shot of fluorescent identification of nerve ring, following process laterally to soma bodies Voice-over the text of 3.3.
move 3.1 along with all the shots here. 
3.4. Once the most in-focus neuronal soma has been located, use the AVM (A-V-M) cell, a ventral cell, to help assign the orientation. If the AVM neuron is in the same plane as the ALM, then the animal is resting upon its side and the lateral neuron is the ALMR (A-L-M-R)[1].
3.4.1. SCREEN: shot_3.4.1: 00:01-00:05 (Shot showing ALMR and AVM) Author NOTE: Please annotate AVM and ALMR in video.
3.5. If the AVM neuron is not in the same plane as the ALM in question, the closest touch neuron to the focal plane is the ALML neuron [1].
3.5.1. SCREEN: shot_3.6.1: 00:03-00:06.  Author NOTE: please add text to video “No in focus-AVM is present.” Please add annotation next to soma “ALML”.
3.6. Further helpful is to identify the PVM (P-V-M) neuron, which is a ventral touch neuron located near the tail. The focus plane of the PVM will indicate whether the anterior touch neuron is the ALML or ALMR. If the ALM in question is in the same plane as the PVM, then the observed touch neuron is the ALML neuron [1].
3.6.1. SCREEN: shot_3.6.1: 00:07-00:18 Video Editor: please speed up TEXT: PVM: posterior ventral microtubule. Author NOTE: please add annotation “PVM” to the soma body at the end of shot. 
3.7. After the most in-focus ALM has been identified and assigned, it is important to determine the positions of the other soma bodies near the area of interest and in all of the Z-planes, as to not mistake them for exophers. [1-TXT].
3.7.1. SCREEN: shot_3.7.1 (1): 00:43-01:08 Video Editor: please speed up TEXT: It is OK if deepest neurons are not in clear focus. Identification is important as to not mistake out-of-focal-plane fluorescence as an exopher. 
Author NOTE: Please label AVM and ALMR (visible in beginning, around 43+ seconds. Please label “out-of-focus ALML”, visible at the end of video, around 1+ minute. Please use the newest shot of 3.7.1 that was uploaded on 6/29.
4. Exopher Identification and Scoring
4.1. Once the touch neuron of interest has been located, the ALMR or ALML,[1], inspect the neuron for large, protruding exopher domains large enough to be considered a bud exopher, which is at least 1/5th the size of the originating soma [2-TXT]. 
4.1.1. WIDE: Talent at microscope, identifying touch neuron, with monitor visible in frame Videographer: Important step. Author NOTE: There were extra shots taken, however please use the shot of Meghan at microscope, looking through oculars, then looking at the fluorescent worms in monitor.
4.1.2. SCREEN: shot_4.1.2: 00:02-00:23 Video Editor: please speed up. Author NOTE: Please label “ALM process” (lateral filament on the right side of the soma body), the “ALM” (soma body) and “exopher bud” labeled with brackets (the bleb coming out of the round soma, protruding to the left of the image). 
4.2. If no bud or exopher domain is observed, further inspect the neuronal soma for an attached thin filament emanating from the soma body. Attached exophers tend to be located closer to the originating soma and in a similar Z-plane [1].
4.2.1. SCREEN: shot_4.2.1: 00:03-00:26 Video Editor: please speed up. Author NOTE: please label the “ALM” (bottom-located blob) and the “Exopher” (top round blob) and the “Attached filament” labeled with an arrow (the filament is the thin hard-to-see filament connecting the two blobs.) TEXT: The average soma is 6-10 micrometers in diameter in 2-day-old adults, while the average exopher is 2-8 micrometers
4.3. To avoid mistaking an out of plane soma for an exopher, be sure to identify all nearby soma bodies, even out-of-focus somas, at the start of the observation [1].
4.3.1. SCREEN: shot_5.4.1: 00:04-00:21  NOTE: This shot moved above.
4.4. To identify an unattached exopher, look for concentrated expelled fluorescent proteins, which are often brighter than the soma [4.3.1-TXT]. There may be more than one fluorescent entity originating from a single soma [4.6.2-TXT].
Added shot: SCREEN: shot_4.3.1: 00:16-00:57 Video Editor: please speed up. Please label “AVM” (top blob) “ALMR” (middle blob) and “Exopher” (bottom largest blob) visible around 42 seconds. TEXT: Cellular organelles (i.e., lysosomes and mitochondria) can be extruded within exophers.
Added shot: SCREEN: shot_4.6.2: 00:04-00:20 Video Editor: please speed up TEXT:  Multiple exophers
Added Step:  Look for unattached exophers in different focal planes and in the distant lateral region from where the originating soma was found. The exophers typically protrude away from the soma in a posterior direction from the neuronal process [1]. 
4.4.1. SCREEN: shot_4.4.1: 00:12-01:06 Video Editor: please speed up TEXT: Cellular organelles (i.e., lysosomes and mitochondria) can be extruded within exophers. Author NOTE: Pause on second 18. Please outline animal of interest, Please label “AVM”, “ALMR”, and an arrow pointing to free-floating exopher.  As shown below.  Continue video. At 44 seconds, pause again, please label ALMR (blob on the left hand side) and an arrow pointing to exopher “Exopher”. Keep label on exopher as the movie progresses and focuses on exopher.  Example of labeling for the 18 second label below. 
[image: ]


4.4.2.  SCREEN: shot_4.4.1: 00:07-00:43 Video Editor: please speed up. Please label “AVM” (top blob) “ALMR” (middle blob) and “Exopher” (bottom largest blob)
4.5. Check for large, spherical objects that are not positioned and identified as neuronal somas [1-TXT]. Although exophers are typically spherical structures, they can become degraded over time, acquiring a more irregular shape [2].
4.5.1. SCREEN: shot_4.5.1.: 00:08-00:40 Video Editor: please speed up . TEXT: Large spherical bright object that does not have a process Author NOTE: Please label “AVM” (top blob), “ALMR” (middle blob) and arrow to exopher (blob at bottom). 
4.5.2. SCREEN: shot_4.5.2: 00:06-00:36. Author NOTE: Please label “ALM” (blob on the bottom left) and “Degrading exopher” on the deteriorating blob on the right.
4.6. Search for the presence of “starry night” events and for instances of “multiple exopher” events [1-TXT]. 
4.6.1.  SCREEN: shot_4.6.1: 00:03-00:19 Video Editor: can speed up TEXT: “Starry night” phenomena can occur as exopher break up and degrade.
4.6.2. SCREEN: shot_4.6.2: 00:04-00:20 Video Editor: please speed up TEXT:  Multiple exophers can originate from single soma

Author suggestion: Add a Tips section titled “Tips for making exopher calls”, with a title card. 
Added step: To avoid mistaking an out of plane soma for an exopher, it is critical to identify all nearby soma bodies, even out-of-focus somas, at the start of the observation [1].
SCREEN: shot_5.4.1: 00:05-00:21. Author NOTE: At 11-13 seconds, label the “ALMR” and “AVM” (ALMR is pointing downwards). At around 13 seconds, point to the out of focus fluorescence, and annotate “not an exopher”. At 17 seconds, annotate the now in focus ALML (longest blob, facing downwards), with multiple arrows, pointing to soma body and the attached process (showing that there is an attached process, rather than a ‘floating’ exopher.)
4.7. An extended or pointed soma can be observed [1], but an extension without a clear constriction site should not be scored as an exopher [2=TXT].
4.7.1. SCREEN: shot_4.8.1: 00:03-00:23  Video Editor: please speed up. Author NOTE: Use shot uploaded on 06/29. Bracket around pointed area.  Comment – please use brackets to indicate pointed area on top left corner of soma
4.7.2. SCREEN: shot_4.8.2: 00:05-00:41 Video Editor: please speed up TEXT: Extended soma without a clear constriction site
4.8. Reject small resolved buds that do not attain 1/5th the size of the soma in exopher event quantification [1].
4.8.1.  SCREEN: shot_4.9.1: 00:03-00:22 Video Editor: please speed up. Author NOTE: Please bracket around top of protruding bud. 
4.9. Although mature neurites can extend dramatically with age and fluorescent proteins can migrate into the distal end of such structures, do not count neurite outgrowths as exophers [1].
4.9.1. SCREEN: shot_4.10.1: 00:04-00:30 Video Editor: please speed up. Author NOTE: Please pause at 10 seconds and bracket the filament protruding upwards from the soma. “Mature neurite”
5. Non-Exopher Identification
5.1. To identify fluorescent entities that are not exophers, be sure to exclude any autofluorescence, which may be mistaken for Starry Night vesicular debris under widefield fluorescence. [1-TXT]. 
5.1.1. WIDE: Talent at microscope, with monitor visible in frame TEXT: i.e., exopher signals are not present in gut/intestine. Author NOTE: Extra shots were taken, however,  please select a shot of Meghan at microscope looking through the microscope oculars. 
5.2. To exclude embryonic fluorescence signals, switch between fluorescence [1] and brightfield illumination [2] to check for association of the signal with eggs within the uterus [3].
5.2.1. SCREEN: shot_5.3.1: 00:25-00:51 NOTE: Please use video uploaded 6/29 Video Editor: please speed up Author NOTE: Please pause at 25 seconds to outline the middle worm and bottom 2 worms. Please use arrows to point to “extra fluorescence” located in the middle of the worm. Please label on video, “Extra signal” near arrows.  At 41 seconds, please label fluorescent blob as “ALM” that shows up. At around 45-51 seconds, bracket the area where new fluorescence starts to show up as “Extra signal”. Please label “Extra signal”. 
5.2.2. SCREEN: shot_5.3.1: 01:01-01:11 Video Editor: please speed up. Author NOTE: Please outline or arrow to intestine-looking objects (worm embryos) with text: “Hatching or late-stage embryos in uterus”
5.2.3. SCREEN: shot_5.3.1: 01:18-01:30 NOTE: Video Editor: please speedup Author NOTE: At 1:26, please label the soma (left corner). Please bracket the extra embryo signal. 


Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
4.1.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.1., 4.7.


Results
6. Results: Representative Exopher Production

6.1. This Table provides a summary of different touch neuron-expressed fluorescent reporters that have been used to monitor exopher production. [1].

6.1.1. LAB MEDIA: Table 1 Video Editor: please emphasize Genotype column. 

6.2. Cargoes that are known to be extruded in exophers include aggregates such as Q128 (Q-one-twenty-eight), a fusion of human huntingtin expanded polyglutamine repeats [1], lysosomes GFP-tagged with lysosomal associated membrane protein [2], and mitochondria tagged with matrix-localized GFP [3].Author NOTE: Please use high-resolution version of all figures. 

6.2.1. LAB MEDIA: Figure 4 Video Editor: please emphasize red signal indicated by arrow in Figure 4B and/or add E text and arrow in Figure 4B
6.2.2. LAB MEDIA: Figure 4 Video Editor: please emphasize blue signal indicated by arrow in Figure 4C and/or add E text and arrow in Figure 4C
6.2.3. LAB MEDIA: Figure 4 Video Editor: please emphasize red/yellow signal indicated by arrow in Figure 4D and/or add E text and arrow in Figure 4D

6.3. Cytoplasmic GFP is not strongly expelled and is preferentially retained in the soma [1], although GFP can be used to weakly visualize exophers [2].

6.3.1. LAB MEDIA: Figure 4
6.3.2. LAB MEDIA: Figure 4 Video Editor: please emphasize green signal indicated by arrow in Figure 4A and/or add E text and arrow in Figure 4A

6.4. In general, exopher production by the ALMR neuron-expressing mCherry under basal conditions begins on day 1 of adulthood and [1] ranges from around 5 to 25% of ALMRs examined within the main exopher-production timeframe of adult day 1 to 3 [2].

6.4.1. LAB MEDIA: Figure 3D AND 3C
6.4.2. LAB MEDIA: Figure 3D Video Editor: please add circle notation around days 1-3 to indicate time frame and exopher increase. 
 
6.5. Particular stresses and genetic perturbations can greatly increase exopher production within ALMR neurons [1]. NOTE: Just add this VO while showing shot 6.4.2.

6.5.1. LAB MEDIA: Figure 3D 
 
Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Meghan Lee Arnold: Locate all of the neurons to facilitate positive identification of an exopher before inspecting a neuron of interest and its surrounding area for exopher domains, intact exophers, and starry night events [1].
Author NOTE: Wording was adjusted

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

7.2. Jason Fisk Cooper: When you are comfortable with manually identifying exophers, enhanced throughput methods for large scale screening using high-content imaging can be employed, allowing whole-genome analysis and mechanistic exophergenesis dissection [1].

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





 2020, Journal of Visualized Experiments		Page 16 of 16
image1.tiff




image2.png




