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

We use two models for this procedure. We dissect the eye under a Zeiss Stemi DV4 dissecting scope. To introduce the electrode into the eye we use a Wild Heerbrugg M5A Stereoscope.

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

3.4, 3.5-3.9, 3.11, 3.12, 3.15-3.18.

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.) 

The single hardest thing to do is to get the electrode into a single cell while you are blind (cannot see the cell or the electrode tip in the eye). This requires a combination of the properly pulled electrode, properly prepped insect specimen, proper grounding and electronic noise reduction, the proper light stimulus, and careful movement of the electrode via the micromanipulator. All these steps are highlighted in the protocol, but if I had to choose just 2 steps to highlight this it would be just the movement of the electrode into a cell, and how to recognize you have a good recording: 

3.11, 3.12
E.  Will the filming need to take place in multiple locations? (Y/N) __YES_____ If yes, how far apart are the locations? 

The main lab and a dark room right across the hall
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 method of intracellular recording is to determine the spectral sensitivity of individual photoreceptor cells in an insect compound eye in vivo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Kyle McCulloch: This method can tell us whether the wavelengths of light that a cell is sensitive to are affected by filtering pigments. 

1.2. Kyle McCulloch: The main advantage of this technique is that by knowing the spectral sensitivities of individual photoreceptors, we can predict what range of colors an animal can see.
Protocol (read by voice talent at JoVE):

2. General Preparation for the Recording

2.1. To prepare for the recording, turn on the Xenon lamp at least 45 minutes before the experiment [2.1.1-MED], and turn on the microelectrode puller at least 30 minutes before pulling the glass electrodes [2.1.2-MED]. 
2.1.1. Talent turns on the Xenon lamp
2.1.2. Talent turns on the microelectrode puller
2.2. Next, turn on all the recording equipment [2.2.1-MED-over the shoulder].  Make sure the shutter is closed by default so no light passes through the fiber optic cable [2.2.2-MED].
2.2.1. Talent turns on the shutter, amplifier, noise eliminator, pulse generator, oscilloscope, and data acquisition hardware
2.2.2. Talent shows that no light passes through the fiber optic cable

2.3. Then, pull fine borosilicate glass microelectrodes using the microelectrode puller [2.3.1-MED-over the shoulder-TXT].  Backfill the electrodes with 3 M Potassium chloride [2.3.2-CU].
2.3.1. *Film as written, Text: 100-250 MΩ resistance
2.3.2. CU an electrode as it is backfilled with Potassium chloride
3. Specimen Preparation and Recording Procedure 

3.1. To prepare the specimen, under the microscope [3.1.1-MED], affix an individual butterfly inside a small plastic tube with hot wax so the head is immobile and protruding from one end of the tube [3.1.2-SCOPE].  Then, affix the proboscis, antennae, and wings with wax [3.1.3-SCOPE].  After that, hold down the abdomen with a dry piece of wax [3.1.4-CU].  
3.1.1. Talent looking through the eyepieces of the microscope

3.1.2. *Film as written
3.1.3. *Film as written
3.1.4. CU the specimen as its abdomen is held down with a dry piece of wax

3.2. Keep the tube humidified by placing a wet tissue inside it behind the abdomen of the specimen [3.2.1-MED-over the shoulder].  Make sure the specimen is completely immobile [3.2.2-CU].  Next, mount the tube using a small piece of wax onto a small platform with a ball-and-socket joint that is attached to a magnetic base [3.2.3-MED-over the shoulder].
3.2.1. Talent places a wet tissue inside the tube

3.2.2. CU the specimen as it is completely immobile

3.2.3. *Film as written
3.3. Under a dissecting microscope, insert a silver wire into the head via the mouthpart as the reference electrode [3.3.1-SCOPE-TXT].  Before the experiment, permanently fix the wire to the platform [3.3.2-MED-over the shoulder].
3.3.1. *Film as written, Text: Silver wire: 0.125 mm diameter

3.3.2.  Talent fixes the wire to the platform Shot now shows wire already affixed.
3.4. Next, cut a small hole in the left cornea using a razor blade [3.41-SCOPE-TXT], and seal the hole with Vaseline to prevent desiccation [3.4.2-SCOPE]. 

3.4.1. *Film as written, Text: ~10 ommatidia in diameter

3.4.2. *Film as written

3.5. Once the cornea is cut, insert the recording electrode into the eye as quickly as possible because hemolymph in the eye will quickly harden and make it impossible to insert an electrode [3.5.1-CU]. If possible, perform the dissection in the rig where the recording will take place [3.5.2-MED].  Then, connect the headstage ground wire to the reference electrode on the specimen platform using the alligator clips [3.5.3-MED-over the shoulder].

3.5.1. CU the eye as the recording electrode is inserted into it Narration for 3.5.1 and 3.5.2 should be combined or perhaps a warning should be flashed on screen during shot 3.5.2, saying the following steps are time-sensitive due to the hardening of hemolymph, i.e. the narration from 3.5.1.
3.5.2. Talent pointing at the rig where dissection should be performed, if not already on the stage, place the mounted specimen and platform onto the stage in the recording rig

3.5.3. *Film as written
3.6.  [3.6.1-MED-over the shoulder].  Mount the electrode on the electrode holder [3.6.3-CU]. Subsequently, insert the silver wire into the potassium chloride solution in the microelectrode [3.6.2-CU].  

3.6.1. [moved to 3.7.1] *Film as written 

Order of 3.6.2 and 3.6.3 switched
3.6.2. CU the microelectrode as the silver wire is inserted into it 

3.6.3. Cu the electrode as it is mounted on the electrode holder 
3.7. Use a light source with gooseneck attachments to light the specimen under a stereoscope while lowering the electrode into the eye.  Adjust the electrode holder so the microelectrode is directly above the hole previously cut in the cornea [3.7.1-SCOPE-TXT]. Then, lower the microelectrode into the eye [3.7.2-SCOPE] using the micromanipulator until a circuit is completed [3.7.3-MED-over the shoulder].

3.7.1. *Film as written, Text: A millimeter above the cornea Added gooseneck illumination here. 
3.7.2. *Film as written
3.7.3. Talent pointing at the potential change on the oscilloscope
3.8. Once in the eye, swing the stereoscope outside the Faraday cage [3.8.1-MED].  Turn off the light source illuminating the specimen and leave the insect in the dark for 10-20 minutes for dark adaptation [3.8.2-MED].  
3.8.1. *Film as written
3.8.2. Talent turns off the light source We filmed the rest of the shots with the light on, but it should be mentioned that all subsequent steps would normally be done in the dark.
3.9. Check the resistance of the electrode by applying 1 nA current and noting the change in voltage [3.9.1-MED-over the shoulder].  Resistance should typically be in the range between 100 – 250 MΩ [3.9.2-CU].  Next, activate the pulse generator to deliver a flash of light for the duration of the experiment [3.9.3-MED-over the shoulder-TXT] and direct the fiber optic cable toward the eye [3.9.4-CU].
3.9.1. Talent applies 1 nA current and pointing/studying the change in voltage on the oscilloscope 

3.9.2. CU the oscilloscope that shows the resistance Each division on the oscilloscope corresponds to a 50 mV change. In this shot the light jumps by two divisions when applying a positive 1 nA current, which means the voltage change is ~100 mV, corresponding to a 100 MΩ resistance. Perhaps we could label a division as 50 mV on the screen, and show Ohm’s Law (Resistance (MΩ) = voltage (mV) / current (nA), so Resistance in this case = 100mV/1nA, which would come out to 100 MΩ).
3.9.3. Talent activates the pulse generator, Text: 50 ms duration every 0.5 s

3.9.4. CU the fiber optic cable as it is directed toward the eye
3.10. Check the oscilloscope for voltage change with each light flash [3.10.1-MED-over the shoulder].  A negative change in voltage signifies that the electrode has not yet entered the cell [3.10.2-CU].  Move the fiber optic cable around the specimen until a maximum voltage response is observed [3.10.3-MED-over the shoulder].
3.10.1. *Film as written
3.10.2. CU the oscilloscope as it shows a negative change in voltage
3.10.3. *Film as written, also capture the oscilloscope
3.11. To generate a depolarizing light response, rotate the micromanipulator back and forth that results in small vertical movements of the electrode while lightly tapping the base of the electrode holder or using the Buzz function on the preamplifier [3.11.1-MED-over the shoulder].  Continue to make small adjustments until a depolarizing light response appears on the oscilloscope [3.11.2-CU SCREEN]. 
3.11.1. *Film as written
3.11.2. CU SCREEN the oscilloscope as a depolarizing light response appears. 

3.12. Then, adjust the fiber optic cable to find the largest depolarizing signal [3.12.1-MED-over the shoulder].  Make small adjustments with the micromanipulator and use the Buzz function on the amplifier as needed to make sure the electrode is stably recording the cell [3.12.2-MED-over the shoulder].  A stable recording should have little to no change in resting potential, low background noise, and a consistently large depolarizing response [3.12.3-SCREEN/CU-TXT].

3.12.1. *Film as written, also capture the oscilloscope

3.12.2. Talent uses the Buzz function on the amplifier (We filmed me making small adjustments at the rig, but not pushing the “Buzz” button. I have provided a SCREEN video of the buzz function, where noise appears at 0:04 and 0:07 seconds. I am pushing the “buzz” button during these times.)
3.12.3. To be submitted by authors. SCREEN movie to show little to no change in resting potential, low background noise, and a consistently large depolarizing response, Text: At least a 10:1 signal to noise ratio 
Videographer, please use CU if SCREEN movie is not possible

3.13. Kyle McCulloch: It is essential to have a stable recording, where resting membrane potential is not noisy and does not change over time, and responses are large and positive with no hyperpolarization [3.13.1-MED].
3.13.1. Interview style
3.14. Once the setup is stable, open the software and close out the dialogue box called “Experiments Gallery” to open a pop up window with four channels [3.14.1-SCREEN].  Adjust the voltage scale at the top right corner of the software window to 500 mV [3.14.2-SCREEN].  Then, click “Start” at the bottom right hand corner to begin recording, minimize channels 3 and 4, and adjust the x and y scale. Then allow the software to run for the duration of the experiment [3.14.3-SCREEN].  

3.14.1. To be submitted by authors. SCREEN movie to show the procedures as described

3.14.2. To be submitted by authors. SCREEN movie to show the procedures as described

3.14.3. To be submitted by authors. SCREEN movie to show the clicking of “Start” button to begin recording Channel two shows the signal from the pulse generator, which is telling the shutter to open. We probably want to mention what this second channel is if there is space on screen or room to say this in the narration.
3.15. For white light stimulation, record up to 10 individual responses with the ND filter wheel set at 3.5 OD or the highest OD that still elicits a response, in this case 3.0 OD. [3.15.1-SCREEN-TXT].  Next, record the same number of responses at 3.3 OD, then 3.1, 3.0, 2.5, 2.3, 2.1, etc. in every combination until 0.0 OD in order to provide a response-log intensity curve [3.15.2-SCREEN]. 
3.15.1. To be submitted by authors. SCREEN movie to show 10 individual responses with the ND filter wheel set at 3.5 OD, Text: ND: neutral density; OD: optical density I have included in this screen shot a switch from 3.0 to 2.0 OD to show how the optical density affects the response. 

3.15.2. To be submitted by authors. SCREEN movie to show 10 individual responses at 3.3 OD I have added a video that includes switching through all Optical Densities from 3.0 to 0.0. Please feel free to use multiple steps to illustrate the different responses at different optical densities. Variable responses in between each step in the ND filter series occur as I am switching the filters in and out at the optical track.
3.16. Before recording the response of the cell to all wavelengths using the interference filters, first quickly find the peak wavelength [3.16.1-SCREEN].  Without any ND filter in the light path, place a UV transmitting filter there [3.16.2- MED-over the shoulder-TXT] and briefly observe the response amplitude [3.16.3-SCREEN]. 
3.16.1. To be submitted by authors. SCREEN movie to show the strongest response of the cell  This shot is removed because it describes the procedure during 3.16 – 3.17. The narration from 3.16.1 still fits here (if there is time) because it is describing an overview of steps 3.16.2, 3.16.3, 3.17.1, and 3.17.2. I have provided a screen shot that goes through steps 3.16 – 3.17 together 
3.16.2. Talent places a UV transmitting filter in the light path, Text: 0.0 OD unless response under filters is close to maximum under white light.
3.16.3. To be submitted by authors. SCREEN movie to show the response amplitude
3.17. Repeat the procedure with a blue transmitting filter, a green transmitting filter, and a red transmitting filter, which should give some idea of where the peak response will be [3.17.1-SCREEN].  [3.17.2-SCREEN].
3.17.1. To be submitted by authors. SCREEN movie to show the peak response when using either a blue transmitting filter, a green transmitting filter, or a red transmitting filter

3.17.2. To be submitted by authors. SCREEN movie to show the recording of 10 responses

3.18. Record under the filter wavelength that gives the max response before changing to another interference filter. Between recording with subsequent filters, allow the cell to respond to 1-2 flashes of white light without any filter in the light path, in order to help monitor whether the peak response is degrading over time [3.18.1-SCREEN]. Then, record with other interference filters and allow for up to 10 responses per filter [3.18.2-SCREEN-TXT].  
3.18.1. To be submitted by authors. SCREEN movie to show the cell responding to 1-2 flashes of white light without any filter. I have included a screen shot for both of these steps, where 470 nm is the “max response” and then I record under 480 nm, then 460 nm, then 492 nm, then 450 nm as I would during a normal recording after identifying the peak at 470 from Step 3.17. I allow 1 flash under white light in between each filter which can be seen as the much bigger response between filters. I zoom out at the end to give an idea of all the steps and differences between filters and white light.
3.18.2. To be submitted by authors. SCREEN movie to show the recording of 10 responses with another interference filter, Text: Recording from 300–700 nm at 10 nm steps 

4. Results:  Raw Responses and Spectral Sensitivity of Sample Recordings
4.1. This is an example of a large negative voltage change that is seen just before entering a cell [4.1.1-LM]. Shown here is a clean recording, which has little background noise and a large depolarizing response, typically of at least 40 mV [4.1.2-LM]. And here is an example of a poor recording due to the negative potential change after the main peak [4.1.3-LM].   This is another example of a bad recording [4.1.4-LM]. The resting potential is undergoing large fluctuations [4.1.5-LM] and the large amount of background noise can obscure the amplitude of the response [4.1.6-LM].
4.1.1. 53829_Briscoe_Figure6a.ai: Show figure

4.1.2. 53829_Briscoe_Figure6b.ai: Show figure

4.1.3. 53829_Briscoe_Figure6c.ai: Show figure, then add red arrowheads
4.1.4. 53829_Briscoe_Figure6d.ai: Show figure

4.1.5. 53829_Briscoe_Figure6d.ai: Add red bar to figure

4.1.6. 53829_Briscoe_Figure6d.ai: Add red arrowhead
4.2. This is a representative example of spectral sensitivity derived from a single recording.  The cell types are classified by peak sensitivity at a similar wavelength and overall shape of the sensitivity spectrum [4.2.1-LM].  The same cell types are then averaged and the mean sensitivity is plotted with standard error bars at each wavelength [4.2.2-LM].  This graph shows the spectral sensitivities of three typical cell types found in an insect [4.2.3-LM].
4.2.1. 53829_Briscoe_Figure8a.ai: Show figure (with Y-axis label “Relatively Intensity”; with X-axis label “Wavelength (nm)”)

4.2.2. 53829_Briscoe_Figure8b.ai: Show figure (with Y-axis label “Relatively Intensity”; with X-axis label “Wavelength (nm)”)

4.2.3. 53829_Briscoe_Figure8c.ai: Show figure (with Y-axis label “Relatively Intensity”; with X-axis label “Wavelength (nm)”)
5. Conclusion (said by authors on camera)
Authors, please fill out the name of the individuals in 5.2 and 5.3 who speak the statements. Thank you.
5.1. Kyle McCulloch:  Once mastered, this technique can be done in about 2 hours if it is performed properly.

5.2. Kyle McCulloch:  Following this procedure, behavioral experiments can be performed in order to determine whether or not all photoreceptor cell types contribute to color discrimination.
5.3. Author Name:  After watching this video, you should have a good understanding of how to prepare a specimen so that an electrode can be introduced into an individual photoreceptor cell, and also what a good recording looks like.

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.  

4.1 – 53829_Briscoe_Figure6a – negative response before electrode enters a cell

4.1 - 53829_Briscoe_Figure6b – positive strong response from a good recording inside a cell

4.1 - 53829_Briscoe_Figure6c – hyperpolarizing response indicating a bad recording

4.1 - 53829_Briscoe_Figure6d – noisy response indicating a bad recording

4.2 - 53829_Briscoe_Figure8a – spectral sensitivity of a cell derived from a single recording

4.2 - 53829_Briscoe_Figure8b – averaged spectral sensitivity with error bars of 3 cells of the same type

4.2 - 53829_Briscoe_Figure8c – averaged spectral sensitivities of three cell types found in the eye
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.

( 2013, Journal of Visualized Experiments


