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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: __Zeiss AxioExaminer (upright microscope)____________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.1; 2.3; 3.2; 3.4; 3.5; 4.1- 4.4_________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _3.5 and 4.1. __The critical aspect is the choice of a healthy neuron in the slice with the physiological resting membrane potential maintained without any additional transmembrane current (absolutely no leak) so that the neuron can withstand multiple steps of the procedure___________________________
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 described experiments is the monitoring of membrane potential signal integration and information processing by an individual nerve cell optically with sub-micrometer and sub-millisecond resolution from multiple sites on a neuron. (Intro)
This is achieved by first building an imaging setup with appropriate sensitivity to allow the recording of small fractional changes in light intensity corresponding to the membrane potential transients. (P1)
Next, select the neurons with appropriate anatomy for effective imaging - neurons with long intact processes in a single focal plane close to the surface of the slice. (P2)  

Then, load the preselected neurons with voltage-sensitive dyes to allow optical tracking of the membrane potential changes (P3).
Results show the unique capability of this approach to obtain the information on electrical signal integration by individual nerve cells by monitoring membrane potential signals from axons (Video editor, zoom in upper left figures under “Axon” here), dendrites (Video editor, zoom in upper right figures under “Dendrite” here), and dendritic spines (Video editor, zoom in lower figures under “Dendritic spine” here). (P4)
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).   
P1
[image: image1.emf]
P2
[image: image2.emf]
P3

[image: image3.emf]
P4
[image: image4.emf]
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)

1.1. Dejan Zecevic:  New tools to gain a better understanding of how individual neurons process information and modulate activity are critical.  The two long standing limitations in cellular neurophysiology are: (a) low spatial resolution of electrode measurements and (b) inability to record from small structures, such as axon collaterals or dendritic spines, using traditional methods of electrophysiology.  To overcome these drawbacks, it is desirable to complement the patch-electrode approach with imaging techniques that permit extensive parallel recordings from all parts of a neuron.  Here, we describe such a technique - optical recording of membrane potential transients with organic voltage-sensitive dyes.  

1.2. Marko Popovic:  Visual demonstration of this method is critical because multiple steps of the procedures are technically difficult, each with a certain probability of success.  Because the probabilities of sequential steps multiply, the likelihood of success is low. It is hard for an individual new to this method to see where the problems are and it is easy to lose hope.  Thus, it is important to clearly demonstrate to new users what is possible..
1.3. Gao Xin:  This technique paved the way for researchers in the field of cellular neurophysiology to analyze several open questions regarding signal integration and information processing in axons, dendrites and dendritic spines. This powerful approach allows direct recording of the events about which we could only theorize in the past.  The implications of this technique extend toward diagnosis and potential therapy of numerous disorders of ion channels, that are increasingly being identified, making this a rapidly expanding area of neurology.
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. Equipment setup 
2.1. In this experiment, an upright microscope and three cameras are used.  To adjust for uniform illumination, first, insert an appropriate neutral density filter in the laser beam path.  Next, focus the objective on the surface of the standard fluorescence slide.  
2.1.1. MED:  Talent pointing at the upright microscope, then the three cameras.

2.1.2. MED-over the shoulder:  Talent clicks a button to insert a neutral density filter in the laser beam path. 
2.1.3. CU:   The objective as it is focused on the surface of the standard fluorescence slide.

2.2. While observing the CCD image of the field of view on the monitor screen, adjust the position of the receiving end of the quartz light and the position of the output end of the light guide using appropriate actuators on the epi-fluorescence condenser in order to achieve centered and uniform illumination of the field of view. 
2.2.1. MED:  Talent observes the CCD image of the field of view on the monitor screen while adjusting the position of the receiving end of the quartz light and the position of the output end of the light guide. 
2.2.2. CU:  The receiving end of the quartz light as its position is being adjusted. MOVIE 2.2.2.B provided by authors showing the field of view of the microscope on the monitor screen. Run this video in parallel (if possible) with 2.2.2.
2.2.3. CU:   The output end of the light guide as its position is being adjusted. MOVIE 2.2.3.B provided by authors showing the field of view of the microscope on the monitor screen. Run this video in parallel (if possible) with 2.2.3.
2.3. To determine the vibrational noise, use a standard fluorescence slide with a non-fluorescent mark on the surface.  Record the light intensity with the NeuroCCD in the continuous mode.  Focus the objective on a dark edge of the black mark. 

2.3.1.  CU: Show slide with small black mark
2.3.2. MED-over the shoulder:  Talent sets the recording of the light intensity in the continuous mode on the monitor or a device.  

2.3.3. SCOPE:  A microscope movie to show the focusing of the objective on a dark edge of the black mark. MOVIE 2.3.3. provided by authors
2.3.4. . 
2.4. Record the light intensity for about 100 ms at 2 kHz frame rate.  Then, display the spatial average of the fractional light intensity traces (Text overlay: ΔF/F: fractional light intensity traces) from approximately 20 pixels receiving light from the uniformly illuminated area and from approximately 20 pixels along the edge of the black mark.  The excess noise in the spatial average from the pixels with high contrast edges reflects the vibrational noise in the system.
2.4.1. MED-over the shoulder:  Talent sets the recording of light intensity to 100 ms at 2 kHz frame rate.

2.4.2. SCREEN:  An  image to show the display of the spatial average of the light intensity traces from approximately 20 pixels receiving light from the uniformly illuminated area and from approximately 20 pixels along the edge of the black mark.. Image 2.4.2 provided by authors.
2.4.3. MED-over the shoulder:  Talent points at the monitor to show the excess noise in the spatial average from the pixels with high contrast edges. 
2.5. To isolate the vibration, adjust the vibration isolation table until the vibration noise of the pixels covering the sharp edge of the image is smaller than the shot noise.  The equipment wires on the table must be loose in order to avoid transmitting the mechanical vibrations to the microscope.

2.5.1. MED:  Talent adjusts the vibration isolation table.

2.5.2. SCREEN:  A movie to show that vibration noise of the pixels covering the sharp edge of the image is minimal. Figure 2.5.2 provided by authors .
2.5.3. MED:  Talent pointing at the loose wires on the table.   

3. Whole-cell patch-clamp recoding and dye diffusion
3.1. In this procedure, prepare the brain slices of 300-400 µm thickness according to standard procedures with a mouse line expressing EGFP in individual nerve cells of interest.  With a spinning disc confocal system, visualize the EGFP labeled neurons in the slice.  Next, select the neurons with intact dendritic/axonal tree, and with processes running parallel and close to the surface of the slice for membrane potential imaging (Text overlay:  Vm-imaging: membrane potential imaging).
3.1.1. MED:  Talent holding a dish of brain slices.

3.1.2. SCOPE:  A microscope movie to show the EGFP labeled neurons in the slice and the selection of neurons with intact dendritic/axonal tree, and with processes running parallel and close to the surface of the slice MOVIE 3.1.2 provided by authors.

3.1.3. A microscope movie to show the selection of neurons with intact dendritic/axonal tree, and with processes running parallel and close to the surface of the slice.

3.2. Then, fill a glass patch pipette from the tip with dye-free intracellular solution up to the 2/3 of the electrode taper by applying negative pressure for about 15 s.  After that, back-fill the electrode with the solution containing the membrane-impermeant voltage sensitive dye dissolved in the intracellular solution.  
3.2.1. MED-over the shoulder:  Talent fills a glass patch pipette from the tip with dye-free intracellular solution up to the 2/3 of the electrode taper by applying negative pressure.

3.2.2. CU:  The electrode as it is backed-filled with the solution containing the membrane-impermeant voltage sensitive dye dissolved in the intracellular solution. 

3.3. Now, patch a previously selected neuron within 1 minute of loading the dye into the electrode.  Apply low positive pressure, about 10 mm Hg, before the pipette is lowered into the bath and while positioning the electrode in the slice. This insures that no dye leaks out of the electrode before the seal is established. Increase to high pressure, around 100 mm Hg, just before the electrode contacts the cell surface establishing the seal. In the whole-cell configuration, allow the free diffusion of the dye from a somatic patch pipette to the soma for 20-45 minutes.  
3.3.1. SCOPE:  A microscope movie to show the pipette being lowered to the surface of the neuron. Forming the seal and the whole-cell configuration is carried out in a conventional way. MOVIE 3.3.1 provided by authors.

3.3.2. CU:  Please omit step 3.3.2 – it’s trivial and complicates the flow of the movie 3.3.1
3.3.3. MED-over the shoulder:  Please omit step 3.3.3 – this is now included in the movie 3.3.1.
3.4. During the dye diffusion, monitor the physiological state of the neuron by recording the evoked action potentials in the current-clamp mode.  Additionally, monitor the amount of staining by recording the resting light intensity from the cell body. (Text overlay: RLI: resting light intensity) from the cell soma at a frame rate of 2 KHz and at a fraction of full light intensity adjusted with neutral density filters.  Continue the dye loading process until the action potential starts to broaden. 
3.4.1. SCREEN:  Figure 3.4.1. provided by authors.  Show evoked action potentials of the neuron in control conditions. (1st sentence: zoom in the first AP recording trace in the left panel labeled “beginning of staining. IF POSSIBLE: Correct the typo “Beginning” has 2 n’s (well, 3 actually). 2nd sentence: zoom in the three micrographs in figure 3.4.1 (on the right) showing images of the cell bodie and RLI values as a function of time. 3rd sentence: zoom in the fourth AP recording trace in the left panel of figure 3.4.1. labeled “30 min”).
3.4.2.  Image of the computer screen showing the stained cell body and numerical RLI value
3.4.3.  A movie to show that AP starts to broaden.  Text overlay: AP:  action potential. 
3.5. At the end of staining, carefully pull the patch pipette away from the soma in voltage-clamp configuration to ensure that the transition from whole-cell to outside-out patch configuration is attained in the process.

3.5.1. SCOPE:  A microscope movie to show that patch pipette is pulled away from the soma forming an outside-out patch MOVIE 3.5.1 provided by authors.
3.6. Then, incubate the slice for an additional 1.5–2 h at room temperature to allow the voltage-sensitive dye to spread into the neuronal processes.  After a significant amount of dye diffused away from the soma into the dendritic and axonal processes, the waveform of the AP should be completely restored.

3.6.1. CU:  The slice in the chamber.

3.6.2.  Figure 3.4.1. A movie to show that AP is restored. (Video editor, zoom in the fifth AP recording trace in the left panel of figure 3.4.1. labeled 1.5 h recovery).


4. Optical recording
4.1. In the next step, locate the soma of the stained neuron under the low intensity fluorescence.  Reduce the light intensity with neutral density filters to the minimum required to visualize the object of interest.  Using an X-Y stage, scan the area of the slice containing the fluorescence neuron until the fluorescent soma is identified. Position the soma of the stained cell in the center of the microscope field. Re-patch the neuron with a standard patch electrode with no dye under the DIC.  Then, visualize the neuronal processes under the low intensity fluorescence at a frame rate of 10-40 Hz in the continuous recording mode of the CCD for voltage-imaging.  

4.1.1. MED: Talent, sitting at scope, reduces the light intensity to a minimum

4.1.2. SCOPE:  A microscope movie to show  identification of the stained neuron under fluorescent light. MOVIE 4.1.2. provided by authors
4.1.3. ECU:  Lower the recording pipette to the neuron, confirm the fluorescence of the stained cell again under high magnification and establish the patch electrode seal followed by whole-cell mode MOVIE 4.1.3. provided by authors.
4.1.4. MED-over the shoulder:  Talent adjusts the frame rate to 10-40Hz on the monitor.

4.2. Using an X-Y stage, position the neuronal process of interest in the middle of the imaging area.  In addition, protect the soma from the excitation light using the partially closed field stop iris of the microscope to reduce the photodynamic damage.

4.2.1.  MED-over the shoulder:  Talent positions the neuronal process of interest in the middle of the imaging area with an X-Y stage. MOVIE 4.2.1. provided by authors.
4.2.2. CU:  The partially closed field stop iris of the microscope as talent’s finger is -adjusting it. Movie 4.2.2B provided by author. (Movie 4.2.2B should run in parallel with the movie 4.2.2. showing the adjustment) 
4.3. Next, record the optical signals related to backpropagating action potentials in the individual dendritic branches.  Then, record the optical signals related to action potentials in the axon.  After that, record the optical signals related to backpropagating action potentials in the dendritic spines. Use the appropriate frame rate for accurate reconstruction of the signal waveform.  At the same time, keep the recording periods and the exposure to high intensity excitation light as short as possible in order to minimize dye bleaching and photodynamic damage.  The recording of optical signals is shown here. 
4.3.1. SCREEN:  A figure 4.3.1. to show  multisite recording of the optical signals related to backpropagating action potentials in individual dendritic branches. Image 4.3.1 provided by authors. 
4.3.2. SCREEN:   A figure to show multisite recording of the optical signals related to action potentials in the axon. Image 4.3.2 provided by authors
4.3.3. SCREEN:  A figure to show the recording of the optical signals related to backpropagating action potentials in the dendritic spines and the parent dendrite. Image 4.3.3. provided by authors (Note: This screenshot should last 30 seconds to cover all of the narrative.) 
4.3.4. 4.3.1A movie provided by authors showing the “take data” event
5. Results:  Voltage-sensitive dye recording from axons, dendrites and dendritic spines of individual neurons in brain slices 
5.1. Here, the upper panel shows the high resolution confocal image of a stained neuron with axon in the recording position, while the middle panel shows the low spatial resolution fluorescence image of the axon obtained by CCD used for membrane potential imaging.  The lower panel presents the electrode recordings from soma and optical recordings from AIS and the node of Ranvier. The raw data and processes signals are shown.
5.1.1. LAB_MEDIA:  4261_ Zecevic_Figure 1

5.2. This figure shows the AP signals from the axon of a L5 cortical neuron loaded with the voltage-sensitive dye.  AP related signals were recorded at a frame rate of 10 kHz.  These traces (Video editor, black, red and green traces on right appear here) indicate the AP transients from three locations: 1) the electrode recording from soma; 2) the optical recording from the axon hillock, and 3) the optical recording from the first node of Ranvier.  And here are the superimposed signals (Video editor, bottom traces (in B) appear here) from the same three locations. 
5.2.1. LAB_MEDIA:  4261_ Zecevic_Figure 3

5.3. This figure shows a burst of 4 backpropagating AP signals from multiple locations on the dendritic arbor of a L5 cortical neuron initiated by short depolarizing current pulses at 100 Hz. 

5.3.1. LAB_MEDIA:  4261_ Zecevic_Figure 4

5.4. Shown here are the AP signals from an individual dendritic spine.  Here is (Video editor, zoom in the left upper micrograph here) the anatomical reconstruction obtained from a stack of spinning-disk confocal images, and here is (Video editor, zoom in the left lower micrograph here) the fluorescence image of the same region obtained with the CCD camera for membrane potential imaging. The fluorescence intensity traces corresponding to backpropagating AP from locations 1-3 are outlined on CCD images (Video editor, the traces on the right appear here), while the bottom trace indicates the electrode recording from the soma. 

5.4.1. LAB_MEDIA:  4261_ Zecevic_Figure 5

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/index/Details.stp?ID=1597
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. You may revise the given prompts if necessary to better fit your protocol.
6.1. Marko Popovic:  The pre-recording preparation takes about 3 hours including the waiting period for the dye spreading to the distal processes.  The recording time is limited by the normal rundown of the preparation and by photodynamic damage. The amount of photodynamic damage is proportional to the excitation light intensity and to duration and number of individual recording trials.  In some experiments, it is possible to carry out more than 50 recording trials over one or two hours. Other measurements require high excitation light intensities and longer recordings and are limited by photodynamic damage to only several recording trials..  After watching this video, you should have a good understanding of how to carry out voltage imaging from the entire axonal and dendritic structure of individual neurons in brain slices.   

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.
( 2011, Journal of Visualized Experiments


