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Title: In vivo Neuronal Calcium Imaging in C. elegans
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ____Y 2-3___Nikon Eclipse Ti-U inverted microscope___

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? __Y__4_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___2-4___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  
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.  
Conceptual Narrative:
The overall goal of the following experiment is to _employ genetically encoded fluorophores to measure calcium dynamics of single neurons within the nematode worm C. elegans (Intro).
This is achieved by first mounting and immobilizing intact C. elegans that express a calcium sensitive fluorophore in the neurons of interest on a standard microscope slide (P1, Editor, use P1 here.  Bring in the slide without the worms and add the worms, the gray spot, and the square around them, in that order). 
Next, _individual neurons are imaged in vivo using video microscopy and standard epi-fluorescent imaging techniques (P2, Editor, transition to the small panel in P2 that has the slide on the scope, then bring in the larger panel that shows the scope … or else use a stock image of a scope and have the P1 slide go onto the platform as shown in the larger panel.).   

Then, the video is analyzed to measure fluorescence intensity at specific locations in the neuron for two commonly used fluorophores: G-CaMP which gives a robust large amplitude single channel signal and FRET based camaleon, which generates a dual channel ratiometric measurement  (P3 Editor, bring in the top portion of P3 for cGMP and the bottom portion for FRET).
Results are obtained that show neuronal activity in response to a specific sensory stimuli as well as cellular calcium physiology in response to cellular damage, both of which are based on optical measurement of relative calcium levels within the imaged neuron (P4, Editor, with P3 still in view, bring in the top panel of P4 and then the bottom panel - with the arrows - and then slowly center and zoom into the P4 panels).
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.   

[image: image1.png]



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.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name __Sam Chung_______: The main advantage of this technique over similar methods in vertebrate system or conventional electrophysiology, is that C. elegans presents a robust, flexible and genetically tractable system for in vivo neuronal imaging that is technically simple and cost effective__.   

1.2) Author name  _Lin Sun_______ : This method can help answer key questions in a broad range of  fields within neurobiology, allowing measurements of both activity and cell physiology within individual neurons in vivo..  

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. Optical Setup
2.1. Begin with a standard compound microscope with epifluorescence imaging capabilities.  

2.1.1. WIDE Shot of fluorescence scope
2.2. For best image and signal quality, use a high magnification, high numerical aperture objective (TEXT: e.g., 60X, 1.4 NA) and a high sensitivity cooled CCD camera in order to maximize image resolution and sensitivity while minimizing background noise.
2.2.1. Broll of lens wheel and CCD camera
2.3. For single color fluorophores, use the standard microscope fluorescence filter set designed for the particular wavelength of the fluorophore. For G-CaMP (pronounced “Gee - camp”) use a standard GFP filter set optimized for excitation at 488 nm and emission at 525 nm. 
2.3.1. LAB MEDIA/SCREEN Filter set chosen for G-CaMP on screen
2.4. For ratiometric fluorophores, such as cameleon, use a dual imaging system such that identical images can be simultaneously captured at two separate wavelengths.  This can be accomplished by projecting the dual images side-by-side onto the camera using the following optical setup:
2.4.A) A microscope filter set with a 440 ±20 nm excitation filter and 455 nm long pass dichroic mirror. 

2.4.B) An image mask placed at the initial image plane immediately outside the microscope imaging port (where the camera CCD sensor would usually sit). 

2.4.C) The first relay lens set one focal length away from the initial image plane such that it collimates the light.  

2.4.D) A dichroic mirror that splits the light into the two separate imaging wavelengths or channels reflecting one color (>515 nm, yellow) while transmitting the other (<515 nm, cyan). 

2.4.E) Emission filters (band-pass filters) further restricting the transmitted light to the specific imaging wavelengths (cyan at 485 ± 40 nm and yellow at 535 ± 30 nm), 

2.4.F) The second relay lenses (one for each channel) placed in the beam paths such that it refocuses the light to a second image plane at the CCD camera.

2.4.G)  A pair of mirrors and a second dichroic mirror directs the beam paths such that the two images recombined and are projected side-by-side onto the camera CCD sensor. Here is an example of the resulting image (Figure 4A). 

2.4.1. LAB MEDIA Figure 1A and 1B Editor, begin with 1A and then move to 1B for the description - point out the components with the VO, remove the “A.” “B.” etc from the figure, but have the label and arrow appear as the VO describes the item?
2.4.2. LAB MEDIA Figure 4A

2.5. Once setup, the images can be adjusted and fine tuned for example, by moving the camera position such that the transmitted image (cyan channel) covers half of the camera’s field of view, moving the reflected image (yellow channel) to cover the other half of the field of view by adjusting the last two mirrors in its beam path, and optimizing focus by moving the second relay lens for each channel back and forth along the beam path.
2.5.1. LAB MEDIA Figure 1B Editor, with the VO, point out the CCD array, then the two dichroic filters in G. for moving the image in the yellow channel, and then the relay lenses in F for the second relay lenses
3. Sample Preparation and Data Acquisition
3.1. Acquire animals expressing a calcium sensitive fluorophore in the neuron of interest from the Caenorhabditis Genetics Center or other sources. Alternatively construct transgenic animals using standard C. elegans techniques. 
3.1.1. LAB MEDIA Script image #1.tif
3.2. Then, use one of the following techniques to immobilize C. elegans.  For pharmacological paralyzation, add 0.05% Levamisole to 2 % agarose and make agarose pads for imaging by pressing a drop of molten agarose between two glass slides that have two pieces of lab tape as spacers.  After removing the top slide, pick 5-10 animals and transfer them onto the pad.
3.2.1. CU Talent adds Levamisole to 2% agarose and mixes
3.2.2. CU LAB MEDIA Figure 2A
3.2.3. SCOPE/ECU Talent picks animals and transfers to pad
3.3. Cover the pad with a cover slip and apply small amounts of a hot 1:1 mixture of paraffin wax and petroleum jelly to the corners to hold it in position. Allow 5-10 min for the Levamisole to take effect and the animals to become completely still.
3.3.1. CU Talent places wax/jelly solution on the corners of coverslip 
3.4. To immobilize animals using a stiff agarose method, make 10% agarose pads. 
3.4.1. CU Talent lifts the top slide off of a 10% agarose pad - have the bottom slide labeled 

3.5. Add ~3 ul of a 1:10 polystyrene microsphere solution to the surface of the pads and quickly pick 5-10 clean C. elegans into the pool of bead solution, gently cover with a cover slip and apply molten wax to the corners.
3.5.1. SCOPE/ECU Talent pipettes polystyrene microsphere solution to surface of a pad
3.5.2. SCOPE/ECU Talent picks animals and places them into pool of solution
3.5.3. ECU Talent applies coverslip and applies molten wax
3.6. Typical experiments require administering a specific stimuli or condition to the animal while video recording the response of a single neuron.  For video acquisition, we frequently image at a ~1 frame/sec with ~300 ms exposure times.   

3.6.1. LAB MEDIA script video #1
4. Data Analysis and Problem Solving

4.1. Video must be analyzed to measure the fluorescence intensity for each frame within the region of interest, or ROI of the imaged neuron relative to a nearby background region. 
4.1.1. MED OVER SHOULDER Talent at computer analyzing a video
4.2. Our analysis program displays a compressed image of all images in the movie from which a rough boundary, encompassing the object of interests in all frames, is manually selected and an independent background region selected. For the first frame, an ROI is manually selected from within the boundary region. For each subsequent frame, the program selects the brightest pixels from within the boundary region to generate an ROI of the correct size.  
4.2.1. SCREEN Talent selects ROI and background region
4.2.2. SCREEN Subsequent frames showing the ROIs selected
4.3. For ratiometric images generated with cameleon select a similar rough ROI and background region for each of the dual images (or channels) and then the ROI from one image on the first frame.
4.3.1. SCREEN Cameleon image with ROI and background region chosen
4.4. The fluorescence signal, F, for each frame is calculated as the average pixel intensity in the ROI minus the average intensity in the background region. The relative calcium level for each frame is calculated as the percent change in intensity normalized to an initial baseline value measured from the first frame or series of frames. (TEXT: TEXT: (F/F=(F(t)-Fo)/ Fo. 
4.4.1. LAB MEDIA Fig 3 
4.5. Ratiometric values are calculated as the ratio of the two channels. (TEXT: F = signals (YFP-YFPbackground)/(CFP-CFPbackground)-0.65). 
4.5.1. LAB MEDIA Fig 3 and Fig 4b
4.6. An ROI selected within the cell body generates the strongest most robust signals but it is also possible to select and measure signals from a ROI along the nerve processes. 

4.6.1. LAB MEDIA Fig 4a
4.7. Exposure to excitation light can cause bleaching of the fluorophore and is marked by a steady decrease in signal that is dependent on exposure levels.  If bleaching occurs, reduce exposure times and/or excitation intensity with neutral density filters. 
4.7.1. LAB MEDIA Example of a constantly diminishing signal
4.8. To minimize noise created from C. elegans movement during recording in response to light exposure and experimental stimuli, carefully execute the immobilization procedures using clean preparations.
4.8.1. LAB MEDIA script video #4 of poorly immobilized animals 
4.9. For successful image analysis, choose background regions that are reasonably uniform and darker than the imaged neuron and remove it sufficiently to avoid scattered light. 
4.9.1. SCREEN Images comparing poor background selection vs good selection
5. Representative Calcium Imaging Results
5.1. Shown here is a single C. elegans ASJ neuron expressing CGaMP responding to an external 3 V/cm electric field for three separate trials each lasting 10 seconds. The animal was immobilized using Levamisole but the video displays slight faults of both movement and focus drift. 

5.1.1. LAB MEDIA script video #1.

5.2. Fluorescence intensity was measured at the cell body. The signal is robust despite the video faults, showing large a (250 % increase in fluorescence in response to both the 1st and 3rd stimuli. The result from the second stimuli is substantially reduced demonstrating variability in the neuronal response. Bleaching is minimal as evident by the return to a consistent baseline level. 
5.2.1. LAB MEDIA Figure 3
5.3. Traumatic cellular injury triggers a large calcium transient within a neuron that plays an essential role in the cell’s physiological response. This video shows the damage-induced response to laser axotomy of a single neuron. Dual imaging optics were employed to record signals from both the CFP and YFP fluorescence channels of the cameleon reporter.
5.3.1. LAB MEDIA script video #2
5.4. This figure shows the resulting FRET signal as measured at the cell body over the course of the laser surgery experiment. In response to laser damage and an increase in cytoplasmic calcium at t = 0 s (red arrow), the CFP rapidly decreases and the YFP increases resulting in an immediate (200 % increase in the ratiometric signal ((F/F) which is sustained for (90 s before falling back to near baseline levels. Bleaching is minimal as evident from the consistent baseline.
5.4.1. LAB MEDIA Figure 4b
5.5. This figure shows the resulting FRET signal as measured in the axon segment close to the cut point. Here the local amount of fluorophore varies over the course of the experiment, complicating the signal. Laser surgery severs the axon and briefly ruptures the membrane, allowing fluorophore to escape and temporarily reducing its local cytoplasmic concentration. This is evident from an initial decrease in the YFP trace.
5.5.1. LAB MEDIA Figure 4c - Editor, point out the initial dip in the YFP trace in C with the VO
5.6. At later time points, the severed end swells as part of its continued recovery, resulting in more localized fluorophore and an increase in intensity. This is most evident in the slowly increasing CFP trace. 

5.6.1. LAB MEDIA Figure 4c - Editor, point out the rise in the CFP trace in C with the VO

5.7. However these variations affect both channels equally and the FRET ratio effectively compensates giving a robust signal. The resulting measurement shows a response similar to the cell body with an immediate (150 % increase in signal ((F/F), a dramatic recovery to near baseline at (90 s and then an additional smaller secondary response at (150 s. 

5.7.1. LAB MEDIA Figure 4c 

5.8. Commercial microscope attachments for ratiometric imaging are available, as is more sophisticated image analysis software that generates pixel by pixel ratiometric measurements. 
5.8.1. LAB MEDIA script video #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 

6. 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.
6.1 Author name _Sam Chung_______: Once mastered, these techniques can be done with relative ease, without complicated sample preparation, tissue dissection or imaging techniques required with other systems. Entire experiments can be run in a matter of an hour or two if performed properly.
6.2 Author name __Lin Sun_______: After watching this video, you should have a good understanding of how to _immobilize C. elegans for imaging, perform video microscopy on individual neurons in vivo and analyze the resulting video to measure relative calcium levels within the neuron.
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 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.  

3.1- script image #1.tif

3.7 and 6.1- Chung,Sun script video #1.avi

6.3- Chung,Sun script video #2.avi
5.4- Chung,Sun script video #3.avi

5.1- Chung,Sun script video #4.avi
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.
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