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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____  (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.

We can of course record screen shots but no series of screen sequences.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. 2.4-2.6; 3.1; 3.3; 3.5; 5.2; 5.5-5.8

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. None. All experiment will be recorded and will be demonstrated as a replay.

E.  Will the filming need to take place in multiple locations? (Y/N) __Yes__ If yes, how far apart are the locations?  2 adjacent labs (5 meters apart)

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:

The overall goal of this procedure is to evoke and analyze sodium dynamics in small cellular compartments such as spines and dendrites of central neurons in the intact tissue. (Intro)
This is accomplished by first preparing an acute mouse hippocampal slice… loading a pyramidal neuron with the sodium-sensitive fluorescent dye SBFI through a patch-pipette… and visualizing the cellular morphology using multi-photon excitation. (P1)
Editors, please use ID52038_LAB MEDIA_Rose_1_Storyboard, showing the top left panel transitioning to the top right panel as this point is narrated.  Then zoom into the green in the top right panel and transition to the panel directly below it.  TEXT overlay (as SBFI is narrated): SBFI: sodium-binding benzofuran isophthalate
The next steps are to choose a spiny dendrite for the experiment… and to focally inject a photo-activated compound, such as caged glutamate, close to this dendrite. (P2)
Editors, please use ID52038_LAB MEDIA_Rose_1_Storyboard.  Overlay the white square in the right panel of the second row as the first half of P2 is narrated.  Then zoom into this white square and transition to the left panel of the 2nd row as the second half of P2 is narrated.  This image can be animated by bringing in the pipette tip and then animating the movement of the compound out of the pipette tip and around the dendrite.    
A UV-flash is then applied to focally uncage glutamate using a UV-laser that has been accurately positioned to target a small volume close to the dendrite of choice. (P3)
Editors, please use ID52038_LAB MEDIA_Rose_1_Storyboard, transitioning to the left image in the third row.  Then animate a UV-flash coming in as indicated by the yellow lightning bolt and the green circles breaking apart to result in the yellow images near the red plus sign. Also, show the chemical reaction shown in the bottom left of the panel, having the 2 resulting compounds appear after the UV-laser appears.  
The final step is to monitor the resulting changes in SBFI fluorescence in the dendrite and to monitor the resulting changes in sodium in the adjacent spines.  The accompanying membrane currents are also recorded. (P4)
Editors, please use ID52038_LAB MEDIA_Rose_1_Storyboard, transitioning to the right image in the third row.  Animate by trace-highlighting the currents to the left of the dendrite.  
Ultimately, using the appropriate pharmacological tools such as receptor blockers will enable the study of the mechanisms generating the evoked intracellular sodium signals. (P5)
Editors, please use ID52038_LAB MEDIA_Rose_1_Storyboard, transitioning to the right image in the fourth row.  Animate by bringing in the red x’s.  

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).   

Editors, please find storyboard in file ID52038_LAB MEDIA_Rose_1_Storyboardand and see individual files ID52038_LAB_MEDIA_Rose_1.1.ai - ID52038_LAB_MEDIA_Rose_1.4.ai
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Christine Rose: This method provides a reliable tool for the investigation of intracellular sodium signals in small cellular compartments and in intact brain tissue. 

1.1.1. MED:  Christine speaks toward camera, interview style.
1.2. Karl Kafitz:  Here, we combined whole-cell patch-clamp and multi-photon sodium imaging with a modified procedure for UV-light-induced uncaging. This allows us to monitor cellular responses after precise and focal applications of neuro-active compounds.
1.2.1. MED:  Karl speaks toward camera, interview style.
1.3. Christine Rose: The procedure will be demonstrated by Karl Kafitz and Christian Kleinhans, a grad student in my lab. 
1.3.1. MED:  Christine speaks toward camera, interview style.
1.3.2. MED:  Christian looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Dissection of tissue 
2.1. To begin dissection of the tissue, immediately place the brain in a petri dish with ice-cold dissection Artificial Cerebrospinal Fluid, or ACSF, and dissect a hemisphere by performing a sagittal cut along the midline.
2.1.1. MED:  Talent places the brain in a petri dish with ice-cold dissection ACSF.  TEXT overlay:  see text for solution preparation 
2.1.2. CU:  Tissue as talent dissects a hemisphere by performing a sagittal cut along the midline.
2.2. Perform a second cut in the desired orientation as a blocking surface.  Then, attach this to the cutting stage of a vibratome with superglue.
2.2.1. ECU:  Tissue as talent performs the second cut in the desired orientation.
2.2.2. MED-over the shoulder:  Talent attaches the prepared tissue to the cutting state of a vibratome with superglue.
2.3. After taking the cutting chamber and cooling element of the vibratome out of the freezer, place the cutting stage with the brain section in the chamber.  Then put the cooling element in the chamber and submerge the tissue in ice-cold dissection ACSF.  
2.3.1. CU:  Chamber as talent places the cutting stage with the brain section in the chamber.
Take care: different No’s at the whiteboard: 2.3.2. take1
2.3.2. MED-over the shoulder:  Talent puts the cooling element in the chamber and submerges the tissue in ice-cold ACSF.
Take care: different No’s at the whiteboard: 2.3.2. take2
2.4. Next, cut 250 µm thick, parasagittal slices of the hippocampus with the vibratome.  Ensure that ACS fluids are bubbled at all times.
2.4.1. CU:  Vibratome/hippocampus as talent uses the vibratome to cut 250 µm thick, parasagittal slices of the hippocampus with ACS fluids bubbling.
2.5. After slicing, keep the tissue on a mesh in a beaker with the normal ACSF and incubate at 34 °C for 30 minutes.  Following incubation, keep the tissue at room temperature.
2.5.1. MED-over the shoulder:  Talent places the tissue on a mesh in a beaker with the normal ACSF into the incubator.
3. Preparation of hardware 
3.1. Talent:  This experiment should be run in a dark environment, but is shown here under dimmed light conditions for filming purposes.
3.1.1. MED:  Talent (at work station) speaks toward camera, interview style. 
3.2. To prepare hardware, first switch on the components of the multi-photon system and adjust the infrared laser beam alignment as described in the text protocol.
3.2.1. MED:  Talent switches on the components of the multi-photon system.
3.3. Then, adjust the multi-photon laser wavelength and beam intensity by altering the settings of the Pockels’ cell and the photo-multipliers. 
3.3.1. LAB MEDIA:  ID52038_LAB MEDIA 3_3_1_Rose_ BeamIntens.avi.  Editors, please feel free to temporally compress the clip to correlate with the narration.
3.4. Next, switch on and calibrate the uncaging system by placing a fluorescent sample slide under the objective lens. 
3.4.1. MED:  Talent switches the uncaging system on and places a fluorescent sample slide under the objective lens.  Match action in next shot.
3.4.2. CU:  Sample slide under the objective lens.
3.5. Start the calibration routine of the uncaging unit control software.  Set the UV laser to several points within its scan range while the fluorescence is captured with a CCD camera. By clicking on the UV laser spot at each point, adjust the positioning of the galvanic scan mirrors to correspond to a certain coordinate in the software. 
3.5.1. LAB MEDIA:  ID52038_LAB MEDIA 3_5_1_Rose_ UV_Calibr.avi.  Editors, please feel free to temporally compress the clip to correlate with the narration.
3.6. The accurate positioning of the uncaging spot is achieved by importing of an image of the imaging system via a network connection between uncaging- and imaging-computers. 
3.6.1. CU:  Scan the uncaging computer, imaging computer, and connection between them. 
3.7. Using screen grabber software, continuously read out the frames of the imaging software and adjust the imaging and uncaging frames congruently.  Export every 10th frame from the imaging software as a reference image into the flash unit to ensure proper adjustment during the entire experiment. 
3.7.1. LAB MEDIA:  ID52038_LAB MEDIA 3_7_1_Rose_ UV_Calibr2.avi.  Editors, please feel free to temporally compress the clip to correlate with the narration. 
3.8. Next, turn on the micromanipulators, electrophysiology components, and the pressure application device for delivery of the caged compound to the target region. 
3.8.1. MED:  Talent turns on the micromanipulators, electrophysiology components, and pressure application device.
Attention: use 3.8.1. take2!!!!
3.9. Pull pipettes for whole-cell patch-clamp and local perfusion using fire-polished borosilicate glass capillaries. 
3.9.1. MED-over the shoulder:  Talent loads fire-polished borosilicate glass capillaries into the pipette puller.
3.10. Then, place the slice in the experimental bath and affix it with a grid.  Place the bath at the microscope stage and permanently perfuse the slice with ACSF. 
3.10.1. CU or ECU:  Tissue slice as talent places in the experiment bath and affixes it with a grid. USE take 2 (dust floating in take 1)
3.10.2. MED:  Talent places the bath at the microscope stage. USE take 2 (because of no gloves in take 1)
4. Whole-cell patch-clamping
4.1. Begin whole-cell patch clamping by loading the patch pipette with intracellular solution, or ICS, containing SBFI. 
4.1.1. MED:  Talent loads the patch pipette with ICS containing SBFI.  TEXT overlay:  see text for solution preparation
4.2. Then, load the local perfusion pipette with the caged compound.  Attach the pipettes to the corresponding micromanipulators… and place the reference electrode in the bath.  
4.2.1. CU:  Local perfusion pipette as talent loads with the caged compound.
4.2.2. MED-over the shoulder:  Pipettes as talent attaches to the corresponding micromanipulators.
4.2.3. CU:  Bath as talent places the reference electrode there.
4.3. Choose a CA1 pyramidal cell with a soma that is located 30 to 70 micrometers below the surface of the slice to ensure intact cell morphology as well as low scattering and attenuation of the uncaging beam.  Approach this cell with a patch pipette employing IR-DIC (pronounced as “I-R-D-I-C”) video-microscopy.
4.3.1. LAB MEDIA:  ID52038_LAB MEDIA 4_3_1_Rose_ Cell Approach.avi.  Editors, please feel free to temporally compress the clip to correlate with the narration.
Attention!  Due to the incorporation of  5.3.1 LAB MEDIA:   ID52038_LAB MEDIA 5_3_1_Rose_PipettePositioningNearDendrite we needed to also exchange this movie. The file with the substitution movie is:  LAB MEDIA:  ID52038_LAB MEDIA 4_3_1_Rose_ Cell Approach_take2.avi. Please feel free to temporally compress the file.
4.4. Apply gentle suction until a Giga-seal is obtained.  Compensate for fast capacity.  Then, break the membrane and open the cell to gain whole-cell configuration.
4.4.1. LAB MEDIA:  ID52038_LAB MEDIA 4_4_1_Rose_ GigaSeal_and_compensation.avi.  Editors, please find instructions for highlighting software elements in file “instructions_LAB MEDIA 4_4_1_Rose” (zooming can also be used to emphasize the aspects noted in the instructions.  This video can be compressed to correlate with the narration of 4.2, but the giga seal (0.38) and the break in the membrane (1:20-1:30) should not be compressed too much.  Also – in the top left area of the screen, numbers are fluctuating for amplifier 1 and amplifier 2.  This experiment is using amplifier 1 only, so amplifier 2 can be dimmed. 
4.5. Finally, assess cell viability in current clamp mode.  Inject a depolarizing current and check for resulting spiking activity.
4.5.1. LAB MEDIA:  ID52038_LAB MEDIA 4_5_1_Rose_cclamp.  Editors, please completely mask the upper blue traces.
5. Multi-photon imaging and stimulation 
5.1. To perform imaging and stimulation, first add tetrodotoxin to ACSF to prevent activation of voltage-gated sodium channels and generation of action potentials.
5.1.1. Title Card
5.2. Visualize cellular morphology using multi-photon excitation and resulting SBFI fluorescence.  Choose a spiny dendrite for the experiment.  Zoom in for images at a higher resolution and place a clip box around the dendrite. 
5.2.1. LAB MEDIA:  ID52038_Labmedia 6_1_1.  Editors, please animate this as follows: start with the left most panel and add in the dashed white box as the second sentence is narrated.  Then zoom in to this box, transition to the middle panel, and add the white dashed line box here to crop the dendrite as shown in the last (rightmost) panel.
5.3. Then, place the pipette with the caged compound near the dendrite.  Position the pipette to allow efficient local perfusion of the dendrite of choice.  Adjust the uncaging laser to position the uncaging spot close to the structure of interest.
5.3.1. LAB MEDIA:   ID52038_LAB MEDIA 5_3_1_Rose_PipettePositioningNearDendrite.  Authors, please provide this video (talent places the pipettes with caged compound near the dendrite.  Talent positions the pipette for efficient local perfusion and adjusts the uncaging laser close to the structure of interest).  Editors, please compress this video temporally to match the narration.
File provided. Please note that the incorporation of this video made the exchange of 4.3.1 necessary. 
5.4. Next, set regions of interest on the chosen dendrite and adjacent spines using imaging software.
5.4.1. LAB MEDIA:  ID52038_LAB MEDIA 5_4_1_Rose_ CellMorph.avi.  Editors, please compress this video temporally to match the narration.
5.5. Approach the region of interest and focally inject the caged compound for several seconds with low pressure.  Start patch-clamp and fluorescence recordings via the trigger signal.  During the local perfusion of the caged compound, the excitation beam is completely dimmed to prevent bleaching.
Attention: Please merge text 5.5 and 5.6!!!!!! Together with filmed sequeces 5.5.1 through 5.6.3
5.5.1. MED-over the shoulder:  Screen as talent approaches the region of interest and focally injects the caged compound for several seconds with low pressure and then starts the recording via the trigger signal., positioning of pipette
5.5.2. [added] Wide shot of experimental start
5.6. Next, stop local perfusion of the caged compound.  Then, increase the intensity of the two-photon laser to enable efficient excitation of SBFI and apply a UV flash to initialize uncaging. 
5.6.1. CU:  Screen as talent stops the local perfusion, increases the laser intensity and applies a UV flash to initialize uncaging. Close-up of LEDs of preassure application device
5.6.2. [added] Increasing laser intensity
5.6.3. [added] Screen showing scan power.
5.7. Monitor changes in SBFI fluorescence as well as somatic current.  Proceed to stop recording after SBFI fluorescence has recovered back to baseline. 
5.7.1. MED-over the shoulder:  SBFI fluorescence and somatic current as it changes and talent is monitoring.  USE take 3 (one flash only)!!!!!
5.7.2. CU:  Signal on screen as talent stops the recording after SBFI fluorescence has been recovered back to background.
5.8. To obtain morphology, record an XYZ-stack of the clip box-region set for the performed measurements.  Ensure that this stack is oversampled spatially to enable optimal image deconvolution and to increase image quality and resolution.
5.8.1. LAB MEDIA:  ID52038_LAB MEDIA 5_8_1_Rose_Stack.avi.  Editors, please insert LAB MEDIA 5_8_2_Rose_Stack_gray.avi in LAB MEDIA 5_8_1_Rose_Stack.avi at the place of the gray panel. Please keep in mind that both files must run synchronized.
5.8.2. LAB MEDIA:  ID52038_LAB MEDIA 5_8_2_Rose_Stack.avi.  Editors, please insert LAB MEDIA 5_8_2_Rose_Stack_gray.avi in LAB MEDIA 5_8_1_Rose_Stack.avi at the place of the gray panel. Please keep in mind that both files must run synchronized.
6. Results: Sodium signals and synaptic currents induced by flash photolysis of caged glutamate and pharmacological agents
6.1. Loading neurons with SBFI through the patch-pipette enabled the visualization of the entire cell including fine dendrites and adjacent spines by employing multi-photon excitation.
6.1.1. LAB MEDIA: ID52038_Labmedia 6_1_1
6.2. After local perfusion with caged glutamate, applying a UV-flash close to a dendrite resulted in a transient decrease in fluorescence emission of SBFI, reflecting an increase in the intracellular sodium concentration.  At the same time, an inward current was recorded at the soma.  
6.2.1. LAB MEDIA: ID52038_Labmedia 6_2_1.  Editors, as the first sentence is narrated, please highlight the top trace.  Then as the second sentence is narrated, please highlight the bottom trace.
6.3. Application of a UV-flash to slices which had not been pre-perfused with caged glutamate never elicited changes in SBFI fluorescence nor inward currents, indicating that these signals are due to the uncaging of glutamate. 
6.3.1. LAB MEDIA: ID52038_Labmedia 6_3_1.  
6.4. Peak amplitudes were slightly higher in spines close to the uncaging spot, whereas patterns for further spines resembled the parent dendrite.
6.4.1. LAB MEDIA:  ID52038_Labmedia 6_4_1.  Editors, as the first part of the sentence is narrated, please highlight the red trace in both panels.  As the second part of the sentence is narrated, please highlight the blue and green traces is both panels.  
6.5. The pathway for sodium influx into dendrites and spines in response to uncaging of glutamate was studied using selective blockers for the sodium-permeable, ionotropic glutamate receptors.  
6.5.1. LAB MEDIA:  ID52038_Labmedia 6_5_1.  Editors, start zoomed into the left-most figure and slowly zoom out to the entire figure.  TEXT overlay:  AMPA-receptor blocker CNQX (cyano-nitroquinoxaline-dione), NMDA-receptor blocker APV (amino-phosphonopentanoate)  
6.6. Glutamate-induced intracellular sodium signals and the elicited somatic currents were omitted in the presence of these blockers.  
6.6.1. LAB MEDIA:  ID52038_Labmedia 6_5_1.  Editors, please highlight the trace labeled “CNQX, APV” as this point is narrated.
6.7. Upon wash-out of the blockers, the signals are regained, demonstrating that uncaging of glutamate activates ionotropic glutamate receptors on CA1 pyramidal neurons, resulting in intracellular sodium transients and inward currents. 
6.7.1. LAB MEDIA:  ID52038_Labmedia 6_5_1.  Editors, please highlight the trace labeled “Wash” as this point is narrated.
7. Conclusion (said by authors on camera) 
7.1. Christian Kleinhans: While attempting this procedure, it’s important to remember to choose the lowest possible intensity for the infrared laser to minimize any damage to the preparation.  
7.1.1. MED:  Christian speaks toward camera, interview style
7.2. Karl Kafitz: After watching this video, you should have a good understanding of the critical steps of our experimental approach to study sodium signaling in cellular microdomains.
7.2.1. MED:  Karl speaks to camera, interview style.
7.3. Christian Kleinhans: Once mastered, this technique enables high-resolution-imaging of activity-evoked intracellular ion signals in the intact tissue, which is free of movement artefacts as introduced by other techniques.
7.3.1. MED:  Christian speaks toward camera, interview style
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
ID52038_LAB_MEDIA_Rose_1.1.ai
ID52038_LAB_MEDIA_Rose_1.2.ai

ID52038_LAB_MEDIA_Rose_1.3.ai

ID52038_LAB_MEDIA_Rose_1.4.ai

ID52038_LAB_MEDIA_Rose_1.5.ai

ID52038_LAB_MEDIA_Rose_1_Storyboard.ai

ID52038_LAB MEDIA 3_3_1_Rose_ BeamIntens.avi

ID52038_LAB MEDIA 3_5_1_Rose_ UV_Calibr.avi

ID52038_LAB MEDIA 3_7_1_Rose_ UV_Calibr2.avi

ID52038_LAB MEDIA 4_3_1_Rose_ Cell Approach.avi
ID52038_LAB MEDIA 4_3_1_Rose_ Cell Approach_take2.avi
ID52038_LAB MEDIA 4_4_1_Rose_GigaSeal_and_compensation.avi

ID52038_LAB MEDIA 4_5_1_Rose_cclamp.avi

ID52038_LAB MEDIA 5_3_1_Rose_PipettePositioningNearDendrite.avi - Authors, please provide this video (talent places the pipettes with caged compound near the dendrite.  Talent positions the pipette for efficient local perfusion and adjusts the uncaging laser close to the structure of interest).  

Video provided
ID52038_LAB MEDIA 5_4_1_Rose_ CellMorph

ID52038_LAB MEDIA 5_8_1_Rose_Stack

ID52038_LAB MEDIA 5_8_2_Rose_Stack_grey.avi

ID52038_Labmedia 6_1_1.ai

ID52038_Labmedia 6_2_1.ai

ID52038_Labmedia 6_3_1.ai

ID52038_Labmedia 6_4_1.ai

ID52038_Labmedia 6_5_1.ai

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.
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