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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No_______  (If you can record images/videos using your own camera/software, then mark No)   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) 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.

2.2, 2.3, 3.4, 3.5, 5.2, 5.4
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.)

Actually, no single step of the procedure on its own is particularly difficult. We would say that bolus loading as described in steps 3.10 to 3.15 probably represents the greatest challenge. We will record the most critical steps of that section with our camera as best as we can. Additionally, this method (bolus loading) has already been described in two JoVE articles (doi: 10.3791/51458 & doi: 10.3791/51018) although in different contexts.  3.2 and 4.4 
E.  Will the filming need to take place in multiple locations? (Y/N) No____ If yes, how far apart are the locations? ___________________________________________________ 
1. Introduction (Experimental Goal and Author Interviews) – At 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 procedure is to record calcium changes in olfactory bulb neurons in response to temperature drops induced at the nasal epithelium. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Alexander Brinkmann: This method can help answer key questions in the field of olfaction such as how the olfactory bulb integrates and processes temperature information acquired in the nose.
1.2. Alexander Brinkmann: The first and second-order neurons of the olfactory bulb are differentially stained and the effects of temperature fluctuations in the nasal epithelium are measured via calcium imaging. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Camille Okom: The visual demonstration of cell electroporation, bolus loading and activity correlation imaging will facilitate the implementation of the techniques in brain networks other than the olfactory bulb.  
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Committee of Ethics in Animal Experimentation at the University of Goettingen.

Protocol (read by voice talent at JoVE):
2. Electroporation
2.1. To begin this procedure, place a tadpole on a gel cushion [1-MED-over the shoulder-TXT].  Fix it by placing needles around and beware not to poke the needles through its skin [2-CU].  Next, place the animal under the stereomicroscope and focus on the nostrils [3-MED].
2.1.1.  
Lab media: 2.1_54108_Schild_Movie1.avi
2.1.2. 
Lab media: 2.1_54108_Schild_Movie1.avi
2.1.3. 
Lab media: 2.1_54108_Schild_Movie1.avi
2.2. Then, place a dye crystal in one of the nasal cavities [1-CU] and wait until it dissolves completely, which should take less than a minute [2-LM]. If the crystals are smaller, add two or three into each cavity [3-LM] until they produce a non-translucent high-concentrated solution [4-LM].

2.2.1. CU the animal’s head as a dye crystal is about to place in one of the nasal cavities

2.2.2. 2.2_54108_Schild_Movie1.avi 

2.2.3. 2.2_54108_Schild_Movie2.avi

2.2.4. 2.2_54108_Schild_Movie3.avi

2.3. After that, place the cathode on the skin of the tadpole [1-CU] and the anode into one of the nostrils [2-LM].  Apply six pulses of 20 V and 20 msec with approximately 0.5 sec of stimulus interval [3-MED].

2.3.1. CU the animal as the cathode is placed on the skin of the tadpole and the anode is placed into one of the nostrils

2.3.2. 2.3_54108_Schild_Movie1.avi

2.3.3. Talent presses a button on the electroporation device.  

2.4. For dyes with a different polarity, the staining results may be improved by placing the cathode into the nostrils [1-MED-over the shoulder]. If unsure about the polarity of the dye, both electrodes can be placed simultaneously in the nostrils [2-LM], and alternate the polarity between single voltage pulses [3-MED-over the shoulder].

2.4.1. Talent places the cathode into the nostrils 

2.4.2. 2.4_54108_Schild_Movie1.avi

2.4.3. Talent presses button on the electroporation device

3. Whole mount preparation 
3.1. After sacrificing the animal, use a scalpel to dissect out a block of tissue containing the nasal cavities, the olfactory nerves and olfactory bulbs [1-MED-over the shoulder].  Make the first incision close to the left nostril and move the blade forward cutting alongside the left olfactory nerve and bulb until the telencephalic-diencephalic (pronounce as "tel-en-CE-phalic dye-en-CE-phalic") border [2-CU].  Repeat likewise on the right side [3-CU]. 
3.1.1. 
Lab media: 3.1_54108_Schild_Movie1.avi
3.1.2. 
Lab media: 3.1_54108_Schild_Movie1.avi
3.1.3. 
Lab media: 3.1_54108_Schild_Movie1.avi
3.2. Next, isolate the preparation from the rest of the nervous system by making a final cut posterior to the telencephalon [1-CU].  Pin the tissue block again by inserting two needles between the olfactory nerves [2-CU].  Then, put a drop of Frog Ringer (pronounce as "RING-er") solution on the tissue [3-CU-TXT].
3.2.1. 
Lab media: 3.2_54108_Schild_Movie1.avi
3.2.2. *Film as written
Shot can be combined with lab media: 3.2_54108_Schild_Movie2.avi
3.2.3. *Film as written. Text: See the accompanying manuscript for Frog Ringer solution’s composition
Shot can be combined with lab media: 3.2_54108_Schild_Movie2.avi
3.3. Camille Okom: Bathing the preparation in Ringer solution will prevent the brain tissues  from collapsing upon dissection [1-MED].

3.3.1. Interview style

3.4. After that, remove the meninges covering the axon sorting zone and the olfactory bulbs by making three incisions [1-MED-over the shoulder]. Starting from the posterior edge of the tissue block, cut caudorostrally closely along the left olfactory bulb until the entrance point of the olfactory nerves into the bulbs [2-CU].  Repeat this procedure for the right hemisphere [3-CU]. 

3.4.1. Talent holding fine scissors moving towards the tissue and about to make the first incision

3.4.2. *Film as written
Shot can be combined with lab media: 3.4_54108_Schild_Movie1.avi
3.4.3. *Film as written
Shot can be combined with lab media: 3.4_54108_Schild_Movie1.avi
3.5. Subsequently, raise the meninges with forceps and make the third cut perpendicular to the previous ones at the axon sorting zone [1-CU].  After that, transfer the sample to a recording chamber filled with Frog Ringer for further processing and imaging [2-MED-over the shoulder]. 

3.5.1. *Film as written
Shot can be combined with lab media: 3.5_54108_Schild_Movie1.avi
3.5.2. Talent places the sample in the recording chamber filled with Frog Ringer

3.6. Make sure that the ventral side is facing upward and secure the sample with a net of nylon fibers spanned over a small platinum frame [1-CU].  For an easier application of stimuli, place the nasal cavities on top of one of the nylon fibers [2-CU].
3.6.1. 
Lab media: 3.6_54108_Schild_Movie1.avi
3.6.2. 
Lab media: 3.6_54108_Schild_Movie2.avi
4. Bolus loading
4.1. In this procedure, fill the micropipette with 10 µL of the solution [1-MED-over the shoulder] and remove the air bubbles by flicking the micropipette [2-CU].  Next, mount the micropipette in a pipette holder [3-MED].

4.1.1. *Film as written

4.1.2. CU the micropipette as it is flicked to remove air bubbles

4.1.3. *Film as written

4.2. Make sure that pressure can be applied either manually with a syringe or a pneumatic drug ejection device and monitor the applied pressure with a gauge [1-MED].  Then, lower the pipette onto the surface of the olfactory bulb, with the tip pointing into the rostral direction of the preparation [2-CU]. 

4.2.1. Talent testing the pressure with a syringe or a pneumatic drug ejection device and monitor the applied pressure with a gauge

4.2.2. CU the pipette as it is lowered to the sample with the tip pointing into the rostral 
Shot can be combined with lab media: 4.2_54108_Schild_Movie2.avi (especially from 00:15 onwards).
4.3. Apply a small and constant positive pressure to the micropipette to prevent clogging of the pipette [1-MED-TXT].  Gently insert the micropipette into the tissue and apply a positive pressure [2-LM-TXT]. Confirm the outflow from the pipette by watching for slight tissue movements visible under bright light illumination when the pressure is applied [3-LM].

4.3.1. Talent applies pressure with a syringe or a pneumatic drug ejection device. Text: Constant positive pressure: ~25 hPa

4.3.2. 4.3_54108_Schild_Movie1.avi: Show 00:00-00:06. Text: Pressure: 100 – 200 hPa

4.3.3. 4.3_54108_Schild_Movie1.avi: Show 00:08-00:14

4.4. After 10 min of loading, reduce the applied pressure to zero and check the staining [1-MED].  The size of the stained area varies significantly and depends on several parameters like amount of injected dye and location of ejection site [2-LM].  A good staining covers an area of about 100 µm by 100 µm [3-LM].

4.4.1. Talent adjusts the setting and reduces the applied pressure to zero

4.4.2. 4.4_54108_Schild_Movie1.avi: Show 00:00-00:09

4.4.3. 4.4_54108_Schild_Movie1.avi: Show 00:11-00:14
4.5. Alexander Brinkmann: Monitor the progressive dye loading of mitral cell somata over time during bolus loading. If the staining intensity and number of stained mitral cells do not increase, check the pipette for clogging and replace it if necessary [1-MED].

4.5.1. Interview style

5. Odor application and temperature experiments
5.1. In this step, monitor the temperature of the cooled Ringer by inserting the clean thermometer probe into the tube [1-MED-over the shoulder].  Wait until the temperature drops below 1 °C before starting the experiment [2-CU].

5.1.1. *Film as written

5.1.2. CU the thermometer which indicates the temperature below 1 °C

5.2. Next, use a funnel applicator allowing stimulus delivery concomitantly to the perfusing Ringer, so that the water flow in the chamber remains constant and uninterrupted during the stimulus solution release [1-CU].  Then, position the funnel in such a way that the distal outlet is less than 1 mm away from the olfactory epithelium [2-CU].

5.2.1. CU a funnel applicator

5.2.2. CU the funnel as it is positioned in such a way that the distal outlet is less than 1 mm away from the olfactory epithelium

5.3. Afterward, place a NiCr-Ni (pronounce as "Nichrome" or "Nickel-chromium") temperature sensor connected to a digital thermometer close to the epithelium and the outlet of the funnel applicator [1-MED-over the shoulder].  Wire the thermometer output port to a computer to record and visually display voltage changes reflecting small temperature fluctuations [2-MED]. 

5.3.1. Talent places the temperature sensor close to the epithelium and the outlet of the funnel applicator

5.3.2. Talent shows / points at the thermometer output port and its connection to the computer 

5.4. After that, start the image acquisition [1-MED-over the shoulder], and sequentially apply 200 – 400 µL of cold Ringer, L-histidine and room-temperature Ringer via an electronic pipette with an interstimulus interval of 20 – 30 sec [2-MED-over the shoulder].  For better control of the stimulus application, release the stimulus with a trigger signal sent by the chosen imaging setup to the pipette if possible [3-MED]. 

5.4.1. Talent presses button on the computer monitor to start recording

5.4.2. Talent applies the cold Ringer  or sets the interstimulus interval of 20 – 30 sec on the apparatus

5.4.3. Talent adjusts the setting of an imaging setup to release stimulus with trigger signals 
6. Image processing of the post-synaptic recordings using activity correlation imaging 
6.1. In this procedure, load the raw data acquired [1-MED-over the shoulder] as a variable to the MATLAB user’s workspace organized as an [x,y,z,t]-matrix with x and y referring to the lateral dimensions, z, the axial direction and t, the time course [1-SCREEN].  Then, call 'aci' (pronounce as "a-c-i") from the MATLAB command line [2-SCREEN].

6.1.1. Talent opens MATLAB on the computer monitor
6.1.2. To be submitted by authors. A screen movie to show The raw date being loaded to MATLAB user’s workspace organized as a [x,y,z,t]-matrix
Lab media: 6.1_54108_Schild_Movie1.avi
6.1.3. To be submitted by authors. A screen movie to show the procedures described above
Lab media: 6.1_54108_Schild_Movie1.avi
6.2. In the UI (pronounce as "u-i" or simply "user interface"), select 'Prepare Data', then select the variable containing the data and a directory in which the results will be saved [1-SCREEN-TXT].  Scroll through the measured z-layers by moving the corresponding slider in the UI to get an overview of the variance map displayed [2-SCREEN].
6.2.1. To be submitted by authors. A screen movie to show the procedures described above. Text: UI: user interface
Lab media: 6.2_54108_Schild_Movie1.avi
6.2.2. To be submitted by authors. A screen movie to show the procedures described above
Lab media: 6.2_54108_Schild_Movie1.avi
6.3. After that, enter the size of the ROI (pronounce as "raw-oi" or simply "region of interest") into the UI [1-SCREEN-TXT].  For a mitral cell soma, adjust the ROI to span approximately 10 µm in the lateral and 5 µm in the axial direction [2-SCREEN]. For a glomerulus, the slightly higher values of 20 µm laterally and 10 µm axially are appropriate [3-SCREEN].
6.3.1. To be submitted by authors. A screen movie to show the procedures described above. Text: ROI: region of interest
Lab media: 6.3_54108_Schild_Movie1.avi
6.3.2. To be submitted by authors. A screen movie to show the procedures described above
Lab media: 6.3_54108_Schild_Movie1.avi
6.3.3. To be submitted by authors. A screen movie to show the ROI is adjusted to span approximately 20 µm laterally and 10 µm axially
Lab media: 6.3_54108_Schild_Movie1.avi
6.4. Then, select an ROI containing the γ-glomerulus (pronounce as "gamma glomerulus") and additional regions for each visible soma of the surrounding mitral cells by clicking with the middle mouse button onto the center of the cell/glomerulus [1-SCREEN].  Afterward, close the main UI which triggers the calculation of correlation maps for all reference traces [2-SCREEN].  The result is automatically saved and displayed [3-SCREEN].
6.4.1. To be submitted by authors. A screen movie to show the procedures described above
Lab media: 6.4_54108_Schild_Movie1.avi
6.4.2. To be submitted by authors. A screen movie to show the procedures described above
Lab media: 6.4_54108_Schild_Movie1.avi
6.4.3. To be submitted by authors. A screen movie to show the result being displayed
Lab media: 6.4_54108_Schild_Movie1.avi
7. Results: Bolus loading and ACI dissociate thermosensitive and chemosensitive networks 
7.1. This image shows that the axons of ORNs (pronounce as "o-r-ens" or simply "olfactory receptor neurons") terminating in the small cluster were stained by electroporation with the non-calcium sensitive dye Alexa 647 Dextran [1-LM-TXT]. The dotted line outlines the γ-glomerulus [2-LM]. 

7.1.1. 54108_Schild_Figure3A.tif: Show image (without dotted line). Text: ORNs: olfactory receptor neurons
7.1.2. 54108_Schild_Figure3A.tif: Add dotted line in the image 

7.2. Shown here is an image of the same region in the second measurement channel after bolus loading with the calcium-sensitive dye Fluo-8 AM. Some mitral cell somata were visible but the contrast was limited [1-LM].  Two response traces were plotted for activity correlation imaging [2-LM-TXT]. Blue, red and black bars below the traces depict the onset of application of cold Ringer, histidine at 10 µM and room-temperature Ringer as negative control, respectively [3-LM]. 

7.2.1. 54108_Schild_Figure3A.tif, 54108_Schild_Figure3B.tif: Continue 7.1.2, add the cells image (top left) from 3B

7.2.2. 54108_Schild_Figure3A.tif, 54108_Schild_Figure3B.tif: Add the two graphs (without the blue, red and black bars below the traces from 3B. Text: ACI: activity correlation imaging

7.2.3. 54108_Schild_Figure3A.tif, 54108_Schild_Figure3B.tif: Add the blue, red and black bars below the traces in the two graphs in 3B

7.3. The ACI result of the trace in the highlighted areas responding predominantly to cold Ringer  is shown here [1-LM].

7.3.1. 54108_Schild_Figure3A.tif, 54108_Schild_Figure3B.tif, 54108_Schild_Figure3C.tif: Continue 7.2.3, add the image of 3C

7.4. And here is the ACI result of the trace in the highlighted areas responding predominantly to histidine [1-LM].

7.4.1. 54108_Schild_Figure3A.tif, 54108_Schild_Figure3B.tif, 54108_Schild_Figure3C.tif, 54108_Schild_Figure3D.tif: Continue 7.3.1, add the image of 3D

7.5. This image shows the overlay of the two ACI maps. Mitral cells responding to histidine, and the innervated glomerulus were easily distinguishable from thermosensitive mitral cells and the γ-glomerulus [1-LM-TXT]. 

7.5.1. 54108_Schild_Figure3A.tif, 54108_Schild_Figure3B.tif, 54108_Schild_Figure3C.tif, 54108_Schild_Figure3D.tif, 54108_Schild_Figure3E.tif:  Continue 7.4.1, add the image of 3E.  Text: Innervated glomerulus: red; γ-glomerulus: cyan

8. Conclusion (said by authors on camera)
8.1. Alexander Brinkmann: This procedure can be performed to investigate whether thermosensitivity and chemosensitivity are encoded in overlapping neuronal networks of the olfactory bulb.
8.2. Camille Okom: After watching this video, you should have a good understanding of how to record temperature processing in the olfactory bulb using cell electroporation in living animals, bolus loading and activity correlation imaging, also called “ACI.”
8.3. Camille Okom: Bolus loading and ACI are powerful tools to observe and compare the activity and connectivity of dozens of neurons in 3D, which makes them readily applicable to different brain regions and neuronal networks.
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.  

Insert your media filenames here.

Videos of the protocol steps recorded with our camera:

2.1_54108_Schild_Movie1.avi
2.2_54108_Schild_Movie1.avi

2.2_54108_Schild_Movie2.avi

2.2_54108_Schild_Movie3.avi

2.3_54108_Schild_Movie1.avi 
2.3_54108_Schild_Movie2.avi

2.4_54108_Schild_Movie1.avi

2_54108_Schild_CompleteSequence.avi

3.1_54108_Schild_Movie1.avi

3.2_54108_Schild_Movie1.avi

3.2_54108_Schild_Movie2.avi

3.4_54108_Schild_Movie1.avi

3.5_54108_Schild_Movie1.avi

3.6_54108_Schild_Movie1.avi

3.6_54108_Schild_Movie2.avi

4.2_54108_Schild_Movie1.avi

4.2_54108_Schild_Movie2.avi

4.3_54108_Schild_Movie1.avi

4.4_54108_Schild_Movie1.avi

6.1_54108_Schild_Movie1.avi

6.2_54108_Schild_Movie1.avi

6.3_54108_Schild_Movie1.avi

6.4_54108_Schild_Movie1.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.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
 2013, Journal of Visualized Experiments


