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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) ____N___ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ___Y____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____3.1-3.5______________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Bungarotoxin labeling the surface receptors in a time efficient and safe manner while handling multiple 3.5 cm dishes can be challenging, but is improved by practice.

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 measure GABA A (pronounced as “gaba-A”) receptor surface localization and endocytosis in hippocampal neurons. (Intro)

This is accomplished by first transfecting hippocampal neurons with the tagged GABA A receptor subunit, and allowing the cultured neurons to develop in the incubator. (P1)
Editors, please show P1 of 51385_Jacob_schematic diagram.ai as this point is narrated.  The images can be shown sequentially.  First show the left-most image, then the arrow to the middle image, and finally the right-most image.

The second step is to label surface GABA A receptors with alpha-bungarotoxin-coupled fluorescent Alexa dye. (P2)
Editors, please show P2 of 51385_Jacob_schematic diagram.ai as this point is narrated.  This can be animated by starting with the left-most image and then animating the addition of red dye to result in the right-most image.  

Next, the neurons are incubated for various time points in order to allow for labeled receptors to be endocytosed. (P3)
Editors, please show P3 of 51385_Jacob_schematic diagram.ai as this point is narrated.  Please animate this point by starting with the right-most receptor in the membrane and show it getting endocytosed (swallowed up) as shown in the middle image.  The clock on the right can simultaneously go around the circle from t=0 all the way around to t=60. 

The final step is to fix the specimens at the appropriate time points and to perform immunostaining, using anti-GFP to observe the total tagged receptor pool. (P4)
Editors, please show P4 of 51385_Jacob_schematic diagram.ai as this point is narrated.  Show the application of the GFP coupled to the Ys as this point is narrated.

Ultimately, confocal microscopy is used to show changes in surface localization and endocytosis of the tagged GABA A receptors using fixed or live imaging approaches. (P5)
Editors, please show P5 of 51385_Jacob_schematic diagram.ai as this point is narrated.  

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).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Megan L. Brady:  This method can help answer key questions in the field of receptor trafficking, such as what effect ligand binding has on receptor insertion and endocytosis rates, and whether different ligands and modulators can alter receptor recycling and degradation.  
1.1.1. MED:  Talent speaks toward camera, interview style.
1.2. Tija C. Jacob:  Although this method has been used to study excitatory and inhibitory ligand-gated ion channels and G protein coupled receptors primarily within the context of the nervous system, it can also be applied to study the dynamic localization and trafficking of other membrane proteins in cell culture and primary cells from diverse tissues. 
1.2.1. MED:  Talent speaks toward camera, interview style.
1.3. Charles E. Moon:  Generally, individuals new to this method will struggle for two reasons: first, to create functional constructs one must determine appropriate placement of the α-bungarotoxin binding site and pH-sensitive GFP tags, abbreviated BBS and pHGFP, respectively, and second, practice and experience is needed in processing several time points at once.
1.3.1. MED:  Talent speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Preparation of hippocampal neuronal cultures 
2.1. To begin, prepare 4 to 5 round poly-D-lysine coated glass coverslips inside each 3.5 cm tissue culture dish as described in the text protocol.  
2.1.1. MED-over the shoulder:  Talent places 4 to 5 poly-D-lysine coated glass coverslips inside each 3.5 cm tissue culture dish.
2.2. Then, transfect freshly dissociated neurons on the day of culturing with 1 to 4 μg of maxiprepped construct DNA. 
2.2.1. MED:  Talent transfects the freshly dissociated neurons with maxiprepped construct DNA.  TEXT overlay:  E18-19
Note: video shows that DNA & neurons are added together in a microcentrifuge tube and then transferred into a cuvette.
2.3. Plate the transfected neurons on the poly-D-lysine coated coverslips at a final density of approximately 200,000 neurons per 3.5 cm dish. 
2.3.1. CU:  Poly-D-lysine coated coverslips as talent plates the transfected neurons there.
This shot has 2 sections: with cuvette filling with media and transfer to microcentrifuge tube, followed by pipetting onto dishes.
2.4. Replace the medium 4 to 24 hours after preparation of neuronal cultures.  Then allow the neurons to develop in the incubator until 14 to 17 days in vitro, or the desired stage.
2.4.1. MED:  Talent replaces the medium.
2.4.2. MED-over the shoulder:  Talent leaves the neurons to develop in the incubator.
3. Endocytosis assay 
3.1. To perform the endocytosis assay, first set a benchtop cooling/heating device to 16 ºC. 
3.1.1. MED:  Talent sets up a benchtop cooling/heating device to 16 ºC in cold room with a thin aluminum or stainless steel plate on top.  
3.2. Cool extracellular Hepes-buffered saline, or HBS, to 16 ºC in a water bath.  Transfer the neuron dishes to the aluminum plate at 16 ºC and cool for 5 minutes.
3.2.1. MED-over the shoulder:  Talent leaves the labeled container of HBS in the water bath to cool.  TEXT overlay:  see text for recipe
3.2.2. CU:  Aluminum plate as talent transfers the neuron dishes there.
3.3. Remove the medium and replace with 1 ml of 16 ºC HBS plus 150 μM tubocurarine for 2 minutes.
3.3.1. MED:  Talent uses a pipette to remove the medium from the dishes and pipettes 1 ml of HBS plus tubocurarine from a labeled container to the dishes.
3.4. Next, remove the medium to a labeled waste container and replace it with 1 ml of 16 ºC HBS + tubocurarine + alpha-bungarotoxin Alexa 594, incubating at 16 ºC for 15 minutes. 
3.4.1. CU:  Dish as talent removes the medium to a labeled waste container and replaces it with 1 ml of 16 ºC HBS + tubocurarine + alpha-bungarotoxin Alexa 594 from a labeled container.  TEXT overlay:  see text for recipe
3.5. Following incubation, transfer the medium to a labeled waste container and wash the dishes 3 times with 2 ml of 16 ºC HBS.
3.5.1. MED-over the shoulder:  Talent transfers the medium to a labeled waste container.
3.5.2. CU:  Dish as talent pipettes HBS over the sample and then collects the wash with a vacuum flask.  TEXT overlay:  wash 3x
3.6. For live imaging time series experiments following receptor endocytosis using a glass bottomed 3.5 cm culture dish, transfer the dish to a heated stage on the microscope, and begin imaging with a confocal or TIRF microscope setup.  
3.6.1. MED:  Talent transfers a glass bottomed 3.5 cm culture dish to a heated stage on the microscope and begins imaging.
3.7. Transfer T = 0 time point coverslips into a dish of room temperature 4 % paraformaldehyde - 4 % sucrose for 20 minutes. 
3.7.1. CU:  Talent transfers T = 0 time point coverslips into a dish of room temperature 4 % paraformaldehyde - 4 % sucrose.  Use labeled containers.
3.8. For other time points, replace HBS with conditioned equilibrated 37 ºC medium and return to the incubator for endocytosis at 37 ºC.  Suggested additional time points are T = 15, 30 and 60.
3.8.1. MED-over the shoulder:  Talent replaces the HBS with medium for the other time points (T = 15, 30 and 60).  Use labeled containers.
3.8.2. CU:  Plates as talent returns to the incubator.
3.9. At time points needed, take dishes from the incubator, and wash quickly twice with 2 ml of room temperature Dulbecco's Phosphate-Buffered Saline, or DPBS.  Then fix the specimen in 4 % paraformaldehyde - 4 % sucrose for 20 minutes. 
3.9.1. MED:  Talent washes one of the dishes with 2 ml of DPBS.
3.9.2. CU:  Specimen as talent pipettes 4 % paraformaldehyde - 4 % sucrose over the specimen.
3.10. After a 20 minute fixation, remove 4 % paraformaldehyde - 4 % sucrose to the waste container and wash the dishes twice with 2 ml of room temperature DPBS. 
3.10.1. MED-over the shoulder:  Talent removes the 4 % paraformaldehyde - 4 % sucrose to waste container and wash dishes with 2 ml room temperature DPBS.  TEXT overlay:  wash 2x
3.11. Next, incubate the coverslips at room temperature for 10 minutes in immunofluorescence block solution containing 0.2 % Triton X-100 to permeabilize the neurons and enable anti-GFP immunostaining of the intracellular receptor pool and/or labeling of other proteins of interest.
3.11.1. MED:  Talent uses a pipette to aspirate the immunofluorescence block solution from a labeled container.  Continue action in next shot.  TEXT overlay:  see text for recipe.
3.11.2. CU:  Coverslips as the block solution is poured over them.
3.12. Then, remove the block solution and incubate the coverslips in immunofluorescence block solution without Triton X-100 for 20 to 30 minutes.
3.12.1. MED-over the shoulder:  Talent removes the block solution and then adds immunofluorescence block solution without Triton X-100 (from a labeled container) over the coverslips.
3.13. Perform primary antibody incubations of coverslips in block for several hours at room temperature or overnight at 4 ºC. 
3.13.1. MED:  Talent adds primary antibody solution to dishes. (TEXT overlay: Perform primary antibody incubations at room temperature for several hours, or overnight at 4 ºC). leaves the coverslips in the refrigerator.
3.14. Following incubation, wash the coverslips by soaking in DPBS for 5 minutes for a total of 3 washes.  Then, incubate the coverslips with secondary antibodies in block solution for 1 hour at room temperature.  After 1 hour, wash the coverslips 3 times with DPBS as before.
3.14.1. MED-over the shoulder/MED:  Multiple takes as talent removes the block solution and replaces with DPBS.  Shot will be reused once.  TEXT overlay:  3x 5min washes
3.14.2. CU:  Coverslip as talent pipettes the secondary antibody in block solution over it.
3.14.3. Shot 3.14.1 – talent removes the block solution and replaces with DPBS
3.15. Next, mount each coverslip by removing excess liquid from the back of the coverslip with lab tissue and then inverting the coverslip onto 4 μl of mounting medium on a glass slide.  Allow the slides to dry at room temperature, covered, for 30 minutes. 
3.15.1. [bookmark: _GoBack]MED-over the shoulder:  Talent pipettes mounting media onto slide and mounts each coverslip by removing excess liquid from the back of the coverslip with lab tissue and inverting it onto the mounting droplet (neuron side down onto mounting media).
3.15.2. CU:  Coverslip as it is inverted onto 4 μl of mounting medium on a glass slide.  
4. Image acquisition and analysis
4.1. Perform image acquisition with confocal microscopy, blind to experimental condition, using a 60X oil numerical aperture 1.49 immersion objective.
4.1.1. MED:  Scan the microscope, showing the objective.  TEXT overlay: Lasers: Argon gas 488nm, 561 diode, 640 diode
4.2. Using the same image acquisition settings, acquire single Z section images with the neuronal cell body and several dendritic processes in focus. 
4.2.1. MED-over the shoulder:  Talent acquires single Z section images with the neuronal cell body and several dendritic processes in focus.
4.3. Quantify alpha-bungarotoxin Alexa fluorescence signal and GFP immunostaining along 20 microns of 3 to 4 proximal dendrites per neuron, using the same threshold for analysis of all endocytosis data. 
4.3.1. SCREEN:  Screen capture movie as talent quantifies α-bungarotoxin Alexa fluorescence signal and GFP immunostaining along 20 μm of 3 to 4 proximal dendrites per neuron, using the same threshold for analysis of all endocytosis data. 
4.4. Analyze data from 10 to 12 neurons for each time point, repeating the experiment with several independent neuronal cultures.
4.4.1. MED or WIDE:  Talent continuing to analyze the data.
5. Results: Visualizing surface GABAAR localization and endocytosis with fluorescent α-bungarotoxin
5.1. GABAergic axons make inhibitory contacts onto pyramidal neuron dendrites.  Pre-synaptic inhibitory terminals are identified by the vesicular inhibitory amino acid transporter that loads GABA and glycine into synaptic vesicles.  GABA A receptors are closely apposed to the neurotransmitter release sites, tethered by the postsynaptic inhibitory scaffold protein gephyrin (pronounced as “geferin”).  
5.1.1. 5.1.1 LAB MEDIA: 51365_Jacob_Figure5.tif – Model of inhibitory synapse.  Editors, please zoom over the right-side portion of the figure as “GABAergic axons make inhibitory contacts onto pyramidal neuron dendrites” is narrated. Then slide to the left boxed enlargement of a synapse as the rest of the point is narrated.  Also, if possible, please highlight the different components as they are referred to draw the viewers’ attention.  As “vesicular inhibitory amino acid transporter” is narrated, highlight the yellow lines (one set is labeled “VIAAT”).  Then as GABA A receptors is narrated, please highlight the red receptors in the postsynaptic zone.  Finally, as “postsynaptic inhibitory scaffold protein gephyrin” is narrated, please highlight the green “Gephyrin scaffold.”
5.2. Shown here are α2pHGFP+BBS (pronounced as “alpha 2 pHGFP-BBS”) expressing neurons with surface GABA A receptor labeled with Alexa 594 bungarotoxin, followed by immunostaining for total receptor population with anti-GFP antibody, shown in green, … and either the postsynaptic inhibitory scaffold protein gephyrin… or the vesicular inhibitory amino acid transporter.  
5.2.1. LAB MEDIA:  51365_Jacob_Figure2.ai.  Editors, please zoom into the top portion of this figure as “and either the postsynaptic inhibitory scaffold protein gephyrin” is narrated.  Then slide down to the bottom half of this figure as the rest of the point is narrated.
5.3. Here, the endocytosis of alpha-2 containing GABA A receptor in hippocampal neurons at 15 days in vitro is shown.  
5.3.1. LAB MEDIA:  51365_Jacob_Figure3.ai.  
5.4. Alpha-bungarotoxin fluorescence measurements of individual dendritic processes as shown in the panels are normalized to the level of construct expression via the GFP antibody staining. 
5.4.1. LAB MEDIA:  51365_Jacob_Figure3.ai.  Editors, please zoom into the top portion of the figure as this point is narrated.
5.5. Final comparison of time points is made by normalization to the T=0 measurement.  Quantification of internalization of receptors over a 60 minute period from fluorescence signal changes over time was best described by a single exponential.  
5.5.1. LAB MEDIA:  51365_Jacob_Figure3.ai.  Editors, please slide down to the bottom portion of the figure as this point is narrated.
5.6. An alternative approach is to follow receptor endocytosis in a single neuron by live imaging time-lapse confocal microscopy.  The punctate and overlapping fluorescence of pHGFP-tagged GABA A receptor and surface alpha-bungarotoxin-labeled receptors is visible at the start of the experiment. 
5.6.1. LAB MEDIA:  51365_Jacob_Figure4.ai.  Editors, please box out or highlight the panel labeled T0 and Bgt as well as the panel above that labeled pHGFP as the last sentence is narrated. 
5.7. Over the timecourse, alpha-bungarotoxin-labeled GABA A receptor signal decreases, as receptors endocytose, while the pHGFP signal remains high due to new receptor insertion. The minimal decrease in phGFP signal is due to cell surface receptor distribution changes and photobleaching.
5.7.1. LAB MEDIA:  51365_Jacob_Figure4.ai.  Editors, please highlight the red curve as “alpha-bungarotoxin labeled GABA AR signal decreases” is narrated.  Then highlight the blue curve as “while the pHGFP signal remains high due to new receptor insertion” is narrated.  

6. Conclusion (said by authors on camera)

6.1. Charles E. Moon:  Following this procedure, other methods like bungarotoxin insertion assays can be performed in order to answer additional questions like rate of receptor membrane insertion with different treatments.
6.1.1. MED:  Charles speaks toward camera, interview style.
6.2. Tija C. Jacob:  After its development, this technique paved the way for neuroscience researchers to explore the surface localization and trafficking dynamics of ligand-gated ion channels and G protein coupled receptors, allowing assessment of how cellular activity, specific protein domains, agonists and other modulators can modify the turnover of receptors in live neurons, other cells and tissues. 
6.2.1. MED:  Tija speaks toward camera, interview style.
6.3. Megan L. Brady:  After watching this video, you should have a good understanding of how to use α-bungarotoxin-coupled Alexa dyes in combination with standard immunofluorescence methods to measure and quantify surface receptor localization and endocytosis in hippocampal neurons expressing tagged receptor subunits.
6.3.1. MED:  Megan 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.

51365_Jacob_schematic diagram.ai

51365_Jacob_Figure5.ai – Model of inhibitory synapse

51365_Jacob_Figure2.ai - Confocal imaging of BBS and pHGFP tagged GABAAR showing appropriate localization with inhibitory synapse components

51365_Jacob_Figure3.ai - Confocal imaging of GABAAR endocytosis in 15 DIV hippocampal neurons

51365_Jacob_Figure4.ai- Live confocal imaging of GABAAR endocytosis in 15 DIV hippocampal neurons.

SCREEN capture movies:

51365_Jacob_4.3.1 - Screen capture movie as talent quantifies α-bungarotoxin Alexa fluorescence signal and GFP immunostaining along 20 μm of 3 to 4 proximal dendrites per neuron, using the same threshold for analysis of all endocytosis data.

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

