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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) ____Y_____ If yes, please list make and model of your microscope: ______________________________
B.   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 steps__Sections 4 (Long-term odor induced nuclear translocation) and Section 5 (Scoring)_____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _________________Scoring of the localization of GFP::EGL-4 – either cytoplasmic or nuclear – having the images in Figure 2B and 2D will makes this clear_____________

1. Introduction (Schematic Overview and Interview)

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


Conceptual Narrative:
The overall goal of this video is to detail the development and implementation of a molecular readout of long-term olfactory adaptation in C. elegans that describes the adaptation state of an animal (Intro)

This is achieved by tagging a Protein Kinase G called EGL-4 (pronounced “eggl -four”) with a Green Fluorescent Protein molecule, and expressing this protein fusion in the Amphid Wing Cells type C, or AWC, neurons (P1) 
Editors, please show O’Halloran_Figure 2B here.  Please omit the text “unadapted” here.

As a second step, animals expressing the GFP tagged form of EGL-4 in the AWC neurons are cultivated on Nematode Growth Media plates containing the bacterial food source OP50. (P2)  
Editors, please show step 1 of O’Halloran_Figure 1.  Omit the text “step 1.”

Next, after 4 days, a population of animals are washed off the cultivation plates and exposed to an AWC sensed odor for 80 minutes in order to promote long-term olfactory adaptation (P3)
Editors, please show step 2 of O’Halloran_Figure 1.  Omit the text “step 2.”

The results show a nuclear localization of GFP tagged EGL-4 in the AWC of adapted animals versus a cytoplasmic localization of GFP tagged EGL-4 of unadapted control animals. (P4)
Editors, please show O’Halloran_Figure 2 here.

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
[image: C:\Users\User\Desktop\JoVE\JoVE Resubmission\Figure 1.tif]



B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Chao He:  By creating a functional copy of EGL-4 fused to a Green Fluorescent Protein, or GFP, molecule, we can track the subcellular localization of EGL-4 in AWC and describe the animal’s behavioral state based upon GFP localization.  This molecular tool allows us to rapidly investigate the role of various mutants or treatments in shaping cellular output after sustained neuronal stimulation.
1.1.1. MED:  Chao speaks toward camera. 

Protocol (read by voice talent at JoVE):
2. Cultivation and maintenance of animals for nuclear translocation assays
2.1. This protocol begins with the construction of GFP tagged EGL-4 expressing animals as described in the written procedure accompanying this video.  The final integrated line is referred to as pyIs500 (pronounced “I S five hundred”), and the GFP-tagged EGL-4 molecule as GFP::EGL-4 (pronounced “G-F-P-eggl-four”).
2.1.1. Title Card
2.1.2. MED:  Talent approaches the bench with the prepared pyIs500 worms containing the GFP-tagged EGL-4.
2.2. Cultivate the pyIs500 animals at 25C on standard 10cm NGM plates seeded with OP50 E. coli bacteria.
2.2.1. MED-over the shoulder:  Talent prepares 10cm NGM plates seeded with OP50 E. coli bacteria.  TEXT overlay:  see text for NGM recipe
2.3. On Day 1, pick four to five pyIs500 animals at larval stage 4 from plates cultivated at 25C onto 10cm OP50 E. coli seeded plates by using a small platinum wire, referred to as a pick, to scoop up and transfer the animals.  Repeat this for four additional plates.  Incubate the plates at 25C.
2.3.1. CU:  Platinum wire (pick) as talent picks five L4 pyIs500 animals from plates cultivated at 25C and transfers onto 10cm OP50 E. coli seeded plates.  Film entire process.  
TEXT overlay(as “larval stage 4” is narrated):  L4  
TEXT overlay (as narrated):  Repeat from 4 plates
2.3.2. MED-over the shoulder:  Talent places plates at 25C.   
2.4. On Day 4, wash adult populations of pyIs500 animals off the large NGM plates by adding S-Basal buffer to the plate and swirling around gently.  This dislodges the animals from the plate surface and into the buffer solution.  Using disposable glass pipettes, aspirate the animals off the plate and transfer them to a 1.5ml eppendorf tube.  
2.4.1. MED-over the shoulder:  Plate as talent adds S-Basal plate to plate and swirls around gently.  Match action in next shot.  TEXT overlay:  see text for S-Basal buffer recipe
2.4.2. CU:  Plate as talent adds S-Basal plate to plate and swirls around gently.  TEXT overlay can be carried from matched action 2.4.1.
2.4.3. CU:  Plate as talent uses disposable glass pipette to aspirate the animals off the plate and transfer them to a 1.5 ml eppendorf tube.
3. Long-term odor induced nuclear translocation assays
3.1. Begin the translocation assays by washing the pyIs500 animals in S-Basal to remove bacteria.  
3.1.1. MED:  Talent adds the pyIs500 animals in S-Basal.  
3.2. Do not centrifuge animals between washes; rather allow the animals to settle by gravity in a stationary 1.5 mL microcentrifuge tube.  It is critical to ensure all bacteria is removed, and that NGM pates are free from contamination, as residual bacteria will negatively affect the outcome of the translocation assay.  Repeat wash with S-Basal twice.
3.2.1. ECU:  Tube right after the animals are washed, before they have settled to the bottom of the tube.
3.2.2. ECU:  Same shot of tube after the animals have settled to the bottom of the tube.  Editors, please transition to the shot from 3.2.1.   TEXT overlay:  Repeat wash 2X
3.3. Make up the adaptation solution by adding 100mLs of S-Basal buffer to a 100mL graduated cylinder.  If performing benzaldehyde adaptation add 7.5l of benzaldehyde to 100mLs of S-Basal.  Seal the cylinder using a strip of Parafilm.
3.3.1. MED:  Talent pours 100mLs of S-Basal buffer into a 100 mL graduated cylinder.
3.3.2. CU:  Graduated cylinder as talent adds adapting odor to it and seals with a strip of Parafilm.  
3.4. Gently invert the graduated cylinder containing S-Basal and odor 30 times to create a uniform emulsion. 
3.4.1. MED-over the shoulder:  Talent gently inverts the graduated cylinder numerous times.
3.6.    Add animals to each tube, trying to keep numbers of animals between 100 and 200 in each tube.  With some practice, it is possible to estimate the approximate number of animals in a pellet by eye.
3.6.1.  CU:  Talent places 100-200 animals in one tube.  Continue action in next shot. [step 3.6 moves up before 3.5]
3.6.2.  MED-over the shoulder:  Talent places 100-200 animals in second tube.
3.5. After the animals have settled following S-basal wash, remove all liquid from the eppendorf tube.  Label one new tube “positive” and the other new tube as “negative.”  Then add 1mL of the adaptation mix to the positive, adaptation microcentrifuge tube, and add 1mL of S-Basal to the negative, unadapted control microcentrifuge tube.
3.5.1. CU:  1.5ml microcentrifuge tube as talent removes all liquid from the eppendorf tube.
3.5.2. MED-over the shoulder:  Talent labels new tubes positive and negative.
3.5.3. CU:  Tubes as talent adds adaption mix from graduated cylinder to positive tube and buffer from labeled container to negative tube.
3.6. <Move 3.6.1 and 3.6.2 to before 3.5 >  Add animals to each tube, trying to keep numbers of animals between 100 and 200 in each tube.  With some practice, it is possible to estimate the approximate number of animals in a pellet by eye.
3.6.1. CU:  Talent places 100-200 animals in one tube.  Continue action in next shot.
3.6.2. MED-over the shoulder:  Talent places 100-200 animals in second tube.
3.7. [bookmark: _GoBack]Place a 1.5 ml microcentrifuge tube cap protector to each tube and place the tubes on a rotator for 80 minutes. 
3.7.1. CU:  Talent places the cap protector on each tube. Remove this step. This step was not filmed
3.7.2. MED:  Talent places the tubes on a rotator. 
3.8. After 80 minutes, wash the animals 3 times in S-Basal, allowing animals to settle by gravity between each wash. 
3.8.1. MED:  Talent washes the animals in S-Basal.
4. Scoring the odor-induced nuclear translocation event
4.1. Make 2% agarose pads containing 5mM sodium azide by dissolving gel electrophoresis agarose in distilled water.  Place a single drop of molten agarose containing sodium azide on a glass microscope slide.
4.1.1. MED-over the shoulder:  Talent places the agarose solution into microwave.
4.1.2. CU:  Glass microscope slide as talent places a single drop of molten agarose containing sodium azide on the slide.  
4.2. Immediately place another glass microscope slide on the first slide to flatten the drop of molten agarose.  Leave for 30 seconds, and then gently tease apart the microscope slides leaving one microscope slide with a flat agarose pad of approximately 1mm. 
4.2.1. ECU:  Glass slide as talent places another glass microscope slide on the first slide to flatten the drop of molten agarose.
4.2.2. MED-over the shoulder:  Talent gently teases the microscope slides apart, leaving one microscope slide with a flat agarose pad of 1mm.  Match action in next shot.
4.2.3. CU:  Glass slide as talent gently teases the microscope slides apart, leaving one microscope slide with a flat agarose pad of 1mm.    
4.6.a.   At this point it is imperative that each experimenter devise a key to track which slides are the positive experiment and which slides are the negative control. (part of 4.6 narrative moves up here)
4.6.1. MED-over the shoulder:  Talent writes down a key to keep track of the positive versus negative samples (moves up here)
4.3. < Insert 4.6.1 before 4.3 >Then, after the worms have settled from the final wash in S-Basal, remove all liquid.
4.3.1. MED:  Talent removes all liquid from the positive tube.  
4.4. Then add the animals drop-wise onto the agarose pads of several microscope slides. It’s important to keep the numbers of animals per slide to between 50 and 100.  Too many animals per slide will complicate scoring and often create a scattering glow after blue-light excitation. 
4.4.1. MED-over the shoulder:  Talent adds the animals drop-wise onto the agarose pads of several microscope slides, keeping the animals to 50-100 per slide.  Match/continue action in next shot.
4.4.2. CU:  Slides as talent adds the animals drop-wise onto the agarose pads of several microscope slides, keeping the animals to 50-100 per slide.  
4.5. Excess liquid may be wicked from the agarose pad by using a small Kim-wipe.  Place a 0.5mm glass cover-slip onto the pad and let stand for 2 minutes to allow for the sodium azide to immobilize the animals.   
4.5.1. MED-over the shoulder:  Talent wicks excess liquid from the agarose pad using a small Kim-wipe.
4.5.2. CU:  Slide as talent places a 0.5mm glass cover-slip onto the pad and lets stand.  TEXT overlay:  see text to animal recovery procedure
4.6.b. Next, pass the slides to another person that will blindly score the GFP::EGL-4 localization pattern.  This will control for any experimenter bias. [Part of 4.6 stays here]
4.6.2. WIDE:  Talent hands off the slides to another person.
4.6. At this point it is imperative that each experimenter devise a key to track which slides are the positive experiment and which slides are the negative control,  Next, pass the slides to another person that will blindly score the GFP::EGL-4 localization pattern.  This will control for any experimenter bias.  
4.6.1. MED-over the shoulder:  Talent writes down a key to keep track of the positive versus negative samples.
4.6.2. WIDE:  Talent hands off the slides to another person.
4.7. Score between 50 and 100 animals per slide using an upright fluorescent microscope with 10X, 40X and 63X magnification objectives and GFP/RFP filters.
4.7.1. MED/WIDE:  Multiple takes as talent at the upright fluorescent microscope preparing the objectives/filters.  Shot will be reused once.
4.8. Firstly, locate animals under 10X magnification using bright-field illumination. Secondly, locate the AWC neuron by turning off the bright-field illumination and using the RFP filter.  The promoter odor one D-S-Red drives expression in AWB and AWC neurons. The AWC neurons have distinctive oval shaped cell bodies as compared with AWB cell bodies which are smaller and circular in shape.
4.8.1. SCOPE:  Talent locates animals under 10X magnification using bright-field illumination.
4.8.2. SCOPE:  Talent locates the AWC neuron by turning off the bright-field illumination and using the RFP filter.  Talent uses pointer to show an example of an AWC neuron with oval shape.  
4.9. Once the AWC cell body has been located, switch to the GFP filter and record the localization of GFP::EGL-4 as nuclear or cytoplasmic.  Using a counter allows the experimenter to keep looking into the eyepiece while scoring the slide.
4.9.1. SCOPE:  Talent switches to GFP filter to see if the localization of GFP::EGL-4 is nuclear or cytoplasmic.  NOTE: it may be a good idea to show images Figure 2B and Figure 2D here
4.9.2. MED-over the shoulder or CU:  While looking down the eyepiece, talent scores the slide using a counter.
4.10. This process is repeated at least 3 times on separate days to produce statistically significant data. 
4.10.1. Shot 4.7.1 – WIDE shot as talent sets up microscope.
5. Results: Molecular Readout of Long-Term Olfactory Adaptation in C. elegans
5.1. An example of the localization pattern of GFP::EGL-4 in the AWC before and after prolonged odor exposure is shown.  
5.1.1. LAB MEDIA:  O’Halloran_Figure 2
5.2. Prior to prolonged odor exposure, GFP::EGL-4 is localized to the cytosol of the AWC.
5.2.1. LAB MEDIA:  O’Halloran_Figure 2B 
5.3. After 80 minutes odor exposure GFP::EGL-4 is localized to the nucleus of the AWC.
5.3.1. LAB MEDIA:  O’Halloran_Figure 2D 
5.4. At the behavioral level, animals with cytosolic GFP::EGL-4 in AWC are attracted to a point source of odor.  This graph was generated from representative results from chemotaxis assays of unadapted animals.  Note the chemotaxis index is close to 1. 
5.4.1. LAB MEDIA:  O’Halloran_Figure 2C 
5.5. Animals exhibiting nuclear GFP::EGL-4 in the AWC are not attracted to a point source of the adapting odor.  This graph was generated from representative results from chemotaxis assays of adapted animals.  Note the chemotaxis index is close to zero.  
5.5.1. LAB MEDIA:  O’Halloran_Figure 2E 
5.6. Once EGL-4 enters the nucleus of the AWC neurons it causes stable and long-lasting changes in the AWC physiology that persist even when EGL-4 is no longer in the nucleus.
5.6.1. LAB MEDIA:  O’Halloran_Figure 3 
5.7. After 80 minutes odor exposure animals will ignore a point source of the adapting odor, and this adaptation will persist even after 120 minutes of recovery.
5.7.1. LAB MEDIA:  O’Halloran_Figure 3_upper panel.  Editors, please highlight the light bar on the left as “ignore the point source of the adapting odor” is narrated.  Then highlight the light bar on the right as “this adaption will persist even after 120 minutes of recovery” in narrated. 
5.8. After 80 minutes of odor exposure GFP::EGL-4 is observed in the nucleus of the AWC.  This nuclear entry is both necessary and sufficient to induce long-term adaptation in the AWC.  After 120 minutes recovery, these animals no longer exhibit nuclear GFP::EGL-4 yet will still ignore a point source of the adapting odor benzaldehyde at the behavioral level. 
5.8.1. LAB MEDIA:  O’Halloran_Figure 3_lower panel.  Editors, please highlight the light bar on the left as “odor exposure GFP:EGL-4 is observed in the nucleus of the AWC” is narrated.  Then highlight the light bar on the right as “After 120minutes recovery, these animals no longer exhibit nuclear GFP::EGL-4” is narrated.. 


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



6. Conclusion (said by authors on camera)
6.1. Chao He:  Not including cultivation times, once mastered this technique can be done in a few hours if it is performed properly.
6.1.1. MED:  Chao speaks toward camera.

       

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.

SchematicFig – O’Halloran_Figure 1 – Overview of protocol for long-term odor-induced nuclear translocation assays.

Results 5.1 – O’Halloran_Figure 2 - An example of the localization pattern of GFP::EGL-4 in the AWC before and after prolonged odor exposure is shown

Results 5.2 – O’Halloran_Figure 2B - Prior to prolonged odor exposure, GFP::EGL-4 is localized to the cytosol of the AWC – Authors, please remove “B” label from this figure.

Results 5.4 – O’Halloran_Figure 2C - At the behavioral level, animals with cytosolic GFP::EGL-4 in AWC are attracted to a point source of odor.  This graph was generated from representative results from chemotaxis assays of unadapted animals.  Note the chemotaxis index is close to 1. - Authors, please remove “C” label from this figure.

Results 5.3 – O’Halloran_Figure 2D - After 80 minutes odor exposure GFP::EGL-4 is localized to the nucleus of the AWC. - Authors, please remove “D” label from this figure.

Results 5.5 – O’Halloran_Figure 2E - Animals exhibiting nuclear GFP::EGL-4 in the AWC are not attracted to a point source of the adapting odor.  This graph was generated from representative results from chemotaxis assays of adapted animals.  Note the chemotaxis index is close to zero. - Authors, please remove “E” label from this figure.

Results 5.6 – O’Halloran_Figure 3 - Once EGL-4 enters the nucleus of the AWC neurons it causes stable and long-lasting changes in the AWC physiology that persist even when EGL-4 is no longer in the nucleus.

Results 5.7 – O’Halloran_Figure 3 upper panel - After 80 minutes odor exposure animals will ignore a point source of the adapting odor, and this adaptation will persist even after 120 minutes of recovery.

Results 5.8 – O’Halloran_Figure 3 lower panel - After 80 minutes of odor exposure GFP::EGL-4 is observed in the nucleus of the AWC.  This nuclear entry is both necessary and sufficient to induce long-term adaptation in the AWC.  After 120 minutes recovery, these animals no longer exhibit nuclear GFP::EGL-4 yet will still ignore a point source of the adapting odor benzaldehyde at the behavioral level.


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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