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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) No, everything can be displayed on a monitor. 
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: 
1. Testing iontophoretic pipette

2. Compensation of the capacitance of the pipette

3. Approaching the dendrite to the correct position

4. Evoking postsynaptic potentials with iontophoresis/troubleshooting

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Producing the right non leaky iontophoretic pipette, which is compensated correctly. To ensure this, we test the pipette.

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.  
Procedural Narrative:
The overall goal of this procedure is to understand the integration of inputs along the very complex structure of the neuronal dendritic tree, which finally leads to the neuronal output of action potentials at the axon. (Intro)
This is accomplished by first pulling the appropriate iontophoretic pipettes. (P1)
Video editor, please show the bar on the first row, then the middle one with the “red tag”, then add the two triangles on the third row.
The second step is to (Video editor, use the two green triangles on the left here) test the iontophoretic pipettes, and to (Video editor, use the cartoon on the right including the square waveform, arrow, green triangle, and the “machine” here) correctly compensate their capacitance. (P2)
Next, establish the whole-cell configuration. (P3)
Video editor, have the cartoon on the left appeared first, then add the cartoon on the right. 

The final step is to (Video editor, use the left cartoon including the green triangle and the red dendrite here) approach the dendrite and to (Video editor, add the waveform on the right here) evoke postsynaptic potentials in the recorded cell. (P4)
Ultimately, fast micro-iontophoresis allows investigating the integration of multiple inputs, which can also belong to different neurotransmitter systems. (P5)
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: image1.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. Christina Müller: This method can help to answer key questions in the neuroscience field, like how inhibitory and excitatory inputs on a single neuron are integrated, and under which conditions this can lead to neuronal output.   
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. Prepare and test the iontophoresis pipettes
2.1. Begin this procedure by pulling pipettes with very small tips for controlled neurotransmitter iontophoresis with a horizontal or vertical pipette puller.  Small fine tips can be achieved with several pulling steps; however the tip should still be rigid enough to penetrate into the tissue. 
2.1.1. MED-over the shoulder:  Talent pulling a pipette with a horizontal puller.

2.1.2. CU:  The fine tips of the pulled pipettes.
2.2. Next, set up the iontophoretic amplifier.  To test the pipette performance in a chamber without tissue, fill the pipette with neurotransmitter and dye containing solution.   Then, place it into the ACSF. 
2.2.1. MED:  Talent sets up the iontophoretic amplifier such as turning it on, adjusts the settings and connection, etc.

2.2.2. CU:  The pipette as it is filled with neurotransmitter and dye containing solution.

2.2.3. CU:  The pipette as it is placed into the ACSF.
2.3. Subsequently, compensate the capacitance with the amplifier.  Usually very sharp pipettes will have a higher capacitance than the blunt ones.
2.3.1. MED-over the shoulder:  Talent looking at the step pulse on the oscilloscope and adjusts the capacitance compensation on the amplifier. (shot 1: wide; shot 2 and 3: close ups)
2.4. After the capacitance is compensated correctly, check the resistance of the pipette with the build-in feature of the micro-iontophoresis amplifier.  The pipette should have a resistance between 25-90 MΩ. 
2.4.1. MED-over the shoulder:  Talent checks the resistance of the pipette with the amplifier by pointing at the reading, etc. (2.4.1. and 2.4.2. are combined)
2.4.2. CU:  The reading of the resistance which shows a resistance of 25-90 MΩ. (2.4.1. and 2.4.2. are combined)
2.5. Afterward, focus on the pipette tip with a 60x or 40x water immersion objective. Then, switch to fluorescent imaging.  If fluorescent dye leaks out of the pipette tip, apply a small positive retain current in the case of glutamate or negative retain current in the case of GABA; if that doesn’t help to cancel the leakage, change the pipette.
2.5.1. SCREEN:  A movie to show the focusing of the pipette tip.

2.5.2. MED:  Talent changes the light path through the microscope from bright field condition to two photon laser scanning condition as fluorescent imaging.
2.5.3. SCREEN:  Talent looking at the fluorescent dye leaking from the pipette tip on the monitor and applies a small positive retain current.
              2.5.3.B CU
2.6. Next, apply a strong step current to the pipette or use the manual trigger.  Monitor the fluorescent image of the pipette tip to see if the solution can be ejected.  
2.6.1. MED-over the shoulder:  Talent applies a strong step current to the pipette or uses the manual trigger.

2.6.2. SCREEN:  A movie of the fluorescent image of the pipette tip with the solution being ejected.
2.7. If the air bubbles in the pipette block the ejection of the transmitter, clear the pipette by applying a high ejection current several times; if this does not help, reject the pipette and try the next.  If there is no visible leakage and test ejection is successful, check the capacitance compensation and start the experiment. 

2.7.1. MED-over the shoulder:  Talent checks the capacitance compensation by looking at the oscilloscope or pointing at the amplifier.
3. Generate a postsynaptic iontophoretic potential 

3.1. In general, iontophoretic events can be evoked at defined locations depending on the desired experiment, for example, at a spiny dendrite for glutamate micro-iontophoresis, or at the dendritic shaft, soma or axon initial segment for GABA micro-iontophoresis.  
3.1.1. MED-over the shoulder:  Talent checking or pointing at the monitor of the oscilloscope to show the pipette and the capacitance are compensated correctly.

3.1.2. SCREEN:  A movie to show a spiny dendrite, the dendritic shaft, soma or axon initial segment.
3.2. After establishing the whole-cell configuration, place the iontophoretic pipette tip to approximately 1µm distance from the dendrite or other compartment of interest.  Make sure that no neurotransmitter is leaking out, and that the pipette and the capacitance are compensated correctly. 
3.2.1. SCREEN:  A movie to show the iontophoretic pipette tip being placed at 1µm distance from the dendrite.
3.2.2. MED-over the shoulder:  Talent checking or pointing at the monitor of the oscilloscope to show the pipette and the capacitance are compensated correctly.
3.3. If approaching the cell with a glutamate filled iontophoretic pipette causes detectable depolarization of the membrane potential, glutamate is leaking out of the pipette.  Try to adjust the retain current, or change the iontophoretic pipette. 
3.3.1. CU:  A movie to show the depolarization of the membrane potential.

3.3.2. MED-over the shoulder:  Talent adjusts the retain current.
3.3.3. CU
3.4. Next, apply short negative pulses to the iontophoretic pipette for glutamate current, starting from zero and increase the current systematically. This helps to find out the range, in which the iontophoretic current evokes the desired responses in the specific experimental set-up. 
3.4.1. MED-over the shoulder:  Talent applies short negative pulses to the iontophoretic pipette starting from zero and increases the current systematically.
3.4.2. Screenshot: showing resulting EPSPs with increasing amplitude  
3.5. If there is no detectable response, lift the iontophoretic pipette several hundred micrometers and apply a strong current larger than 0.1µA to clean the tip.  Then, adjust the capacitance compensation again, approach the cell and try again. 
3.5.1. SCREEN:  A movie to show the lifting of the iontophoretic pipette and a strong current is applied to clean the tip.

3.5.2. MED-over the shoulder:  Talent adjusts the capacitance compensation.
3.6. If there is still no response, try to reduce the retain current; however, be very careful with the reduction of the retain current since this can cause uncontrolled neurotransmitter release. Therefore, constantly monitor the recording to detect respective changes in membrane potential; if glutamate leaks out of the pipette, reject the pipette.
3.6.1. MED-over the shoulder:  Talent reduces the retain current.

3.6.2. CU:  Talent checking/ pointing at the changes of membrane potential on the monitor. 
3.7. For GABA micro iontophoresis, fill a new pipette with GABA solution. 
3.7.1. MED: pipette filling
3.7.2. MED: pipette is placed into the ACSF (?)
3.8. It is very important to have the correct polarity for the ejection current when changing the transmitter in the pipette. For GABA ejection change the settings to “normal” resulting in a positive ejection current.

3.8.1. CU: Amplifier settings (use take 2).
3.9. To detect the GABAergic events more easily, inject long current steps resulting in membrane potential changes from around -100 mV to -48 mV. With this protocol, the chloride ion driving force can be increased making the events more prominent, and the equilibrium of the event is revealed. 
3.9.1. SCREEN:  A screenshot to show the changes of membrane potential in response to the long current steps injection and simultaneous GABAergic stimulation.
4. Results:  Representative results for fast micro-iontophoresis of glutamate and GABA 
4.1. (Video editor, zoom in A here) This schematic drawing shows single glutamate micro-iontophoresis.  (Video editor, zoom in B here) The EPSP shown here is evoked in a CA1 pyramidal neuron with glutamate iontophoresis, and (Video editor, zoom in C here) the dendritic sodium/calcium spike depicted here is evoked at a dendrite of a CA1 pyramidal neuron; the lower trace shows the slope of the voltage trace, and the peak indicates the peak slope of the dendritic spike.  (Video editor, zoom in D here) When increasing current applied to the iontophoretic pipette, the EPSP amplitude increases until it crosses the action potential threshold.
4.1.1. LAB_MEDIA: 5070_Müller_Figure 6

4.2. (Video editor, zoom in A here) The schematic drawing here shows double glutamate micro-iontophoresis at different locations on the dendritic tree.  (Video editor, zoom in B here) This iontophoretic EPSP is evoked at a proximal dendrite of a CA1 pyramidal neuron and (Video editor, zoom in C here) this one is evoked at a distal dendrite.
4.2.1. LAB_MEDIA: 5070_Müller_Figure 7

4.3. (Video editor, zoom in A here) This schematic drawing shows GABA micro-iontophoresis.  (Video editor, zoom in B here) The iontophoretic IPSP shown here is evoked at a proximal dendrite of a CA1 pyramidal neuron and (Video editor, zoom in C here) long current injection with different amplitudes (Text overlay:  current injections from -400pA to 0 pA)   applied to a CA1 pyramidal neuron via the patch pipette helps to determine the reversal potential of the evoked event. The evoked event reverses at approximately -70 mV (Video editor, add black arrow here).
4.3.1. LAB_MEDIA: 5070_Müller_Figure 8. Text overlay:  current injections from -400pA to 0 pA.
4.4. Lastly, this schematic drawing (Video editor, zoom in A here) shows the simultaneous glutamate and GABA iontophoresis that investigates the integration of excitation and inhibition. (Video editor, zoom in B here) The dendritic spikes evoked by iontophoretic application of glutamate alone in subsequent sweeps are shown here. The peaks of the lower trace showing the slope of the voltage trace indicate the occurrence of the dendritic spikes.  And here (Video editor, zoom in C here) is an iontophoretically evoked GABAergic IPSP alone.  Lastly, (Video editor, zoom in D here) both the glutamatergic and GABAergic events together are evoked, which leads to the inhibition of dendritic spikes (Video editor, zoom out and show the entire Figure 9).
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

5. 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.
5.1. Christina Müller: After watching this video, it should be easy to establish fast micro-iontophoresis of neurotransmitters in your lab and to gain insight into how synaptic inputs are integrated in neurons.

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.

1A  Procedural graphic.ppt

4.1.1. Figure 6.ppt:  Representative results for single glutamate micro-iontophoresis

4.2.1. Figure 7.ppt: Representative results for double glutamate micro-iontophoresis at different locations on the dendritic tree  

4.3.1. Figure 8.ppt: Representative results for GABA micro-iontophoresis

4.4.1. Figure 9A.ppt:  Representative results of simultaneous glutamate and GABA iontophoresis to investigate integration of inhibition and excitation. Schematic drawing of a patched pyramidal neuron and one pipette filled with glutamate and on with GABA.

4.5.1. Figure 9B.ppt: Iontophoretically evoked dendritic spikes alone, in subsequent sweeps, lower traces show dV/dt, peaks indicate dendritic spikes.

4.6.1. Figure 9C.ppt: Iontophoretically evoked IPSP alone.

4.7.1. Figure 9D.ppt: Both, glutamatergic and GABAergic events together

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


