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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) ___N____ 
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___________2.2, 2.3, 2.5, 2.6, 3.2, 3.3, 3.6_______________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Pipetting precision and timing of reagent addition. Be well prepared with all solutions and practice pipetting technique to ensure reproducibility with small volumes. Ensure all pipettes are properly calibrated.

1. Introduction (Schematic Overview and Interview)

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


Conceptual Narrative:
The overall goal of the following experiment is to determine intracellular or extracellular ascorbate levels in cultured or isolated cells. (Intro)

This is achieved by incubating cell extracts or whole cells with ascorbate oxidase to selectively deplete ascorbate in subsequent steps. (P1, show 4 tubes in C1 with “Cell extracts or Whole cells” label above them. Under black arrow, change the label to  “Incubate samples or cells with ascorbate oxidase” to include both methods in one graphic.  Have a pipette dip into one of the tubes and lower it onto the plate to show the cell extracts/whole cells being added to the wells of the plate).

In the first method, cell extracts are incubated with ferricyanide to generate ferrocyanide in an ascorbate-dependent manner, which gives a direct representation of the amount of ascorbate in the extracts. In the second method, whole cells are directly incubated with the Fe(II) chelator, ferene-S, and ferric citrate. (P2, show C2 tube with yellow solution in Method 1 slide. Then make label appear but change it to “Incubate samples with ferricyanide to generate ferrocyanide”. Underneath this image, show C2 tube with pink/red solution in Method 2 slide followed by “Incubate cells with ferric citrate and ferene-S to generate a Fe(II)-ferene-S complex that absorbs maximally at 593 nm”.)  

Next, in the first method, the amount of ferrocyanide formed in the cell extracts is determined by quantitatively oxidizing the ferrocyanide with added ferric iron to form ferrous iron, in order to generate a chromogenic Fe(II)-ferene-S complex that can be quantified spectrophotometrically. (P3, show C2 tube with yellow solution from P2 and have the solution change to pink/red as in C3 of Method 1 slide. With the color change, show label but for brevity, change it to “Incubate samples with ferric iron to form a Fe(II)-ferene-S complex”.)

[bookmark: _GoBack]The results show differences in intracellular or extracellular ascorbate levels based on the quantitative and specific reduction of extracellular iron complexes that can be detected spectrophotometrically. (P4, show C4 graphs in Method 1 and 2 slides.)

Video Editor: Please use “51322_Lawen_Schematic Methods 1 and 2.pptx” or “51322_Lawen_Schematic Method 1.tiff”, “51322_Lawen_Schematic Method 2.tiff” 


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Dr. Darius Lane: The main advantage of this technique over existing methods, like HPLC-based ascorbate detection methods, is that this highly specific colorimetric microplate procedure is rapid and all samples and standards are processed in parallel, rather than serially.   


Protocol (read by voice talent at JoVE):

2. Determine Intracellular Ascorbate in Cultured Cells
2.1. Prior to starting this procedure, culture K562 (pronounced K-5-6-2) suspension cells and create an ascorbate-containing cellular extract.  Following this, prepare a stock solution of 10 mM ascorbic acid in ice-cold PBS (TEXT: Verify ascorbate concentration spectrophotometrically at 265 nm). Then, carefully prepare a series of ascorbate standards between 0 and 20 μM.
2.1.1. WID: Talent walks up to lab bench with K562 suspension cells and ascorbate-containing cellular extract in hands.
2.1.2. MED-over the shoulder: Talent prepares 10 mM ascorbic acid stock solution.
2.1.3. MED: Talent prepares ascorbate standards.
2.2. Carefully remove 4 × 100 μl aliquots from each standard and add them to a horizontal sequence of wells in a 96-well flat bottom plate that contains 25 μl/well of PBS or a 45.5 U/ml (pronounced units per milliliter) stock solution of L-ascorbate oxidase, or AO, in PBS (TEXT: Perform this step for ascorbate-cellular extract in parallel).			 
2.2.1. MED-over the shoulder: Talent removes aliquots from each standard, wells in 96-well flat bottom plate as talent adds standard aliquots to each one.
2.2.2. CU: Talent removes aliquots from each standard,wells in 96-well flat bottom plate as talent adds standard aliquots to each one.
2.3. Cover the 96-well plate with foil and orbitally mix it at 550 rpm at room temperature for 5 min. When finished, add 50 μl of 3.5 mM potassium ferricyanide in PBS to all wells to give a final ferricyanide concentration of 1 mM. 
2.3.1. MED-over the shoulder: Talent covers 96-well plate with foil.
2.3.2. MED: Talent places covered well plate on orbital mixer, programs appropriate settings and turns it on.
2.3.3. MED-over the shoulder: Talent adds potassium ferricyanide solution to the wells.
2.4. After orbitally mixing the 96-well plate using the same conditions as before, immediately add 25 μl of a freshly constructed solution containing 50% acetic acid and 30% trichloroacetic acid. 
2.4.1. CU: Wells as talent adds acid solution to each one.
2.5. Next, add 100 μl of a freshly prepared ferrocyanide determination solution to each well. (TEXT: Ferrocyanide determination solution: 2 ml 3 M Na-acetate (pH 6.0); 0.5 ml ~17.4 M glacial acetic acid; 2 ml 0.2 M citric acid; 2 ml 3.3 mM FeCl3 in 0.1 M acetic acid; 1 ml 30 mM ferene-S). Orbitally mix the plate in the dark at 550 rpm for 30 min at room temperature. Then, read the absorbance values of the wells at 593 nm.	
2.5.1. MED: Talent adds ferricyanide determination solution to each well.
2.5.2. MED-over the shoulder: Talent places plate on orbital mixer, closes opaque lid, and turns the mixer on. wraps the plate in foil to protect it from light.
2.5.3. MED: Talent walks up to microplate spectrophotometer and places plate in the plate reader.
3. Determine the Amount of Ascorbate Released and Extracellular Ascorbate
3.1. To begin the assay, first oxidize extracellular ascorbate in selected wells by adding 50 μl of 120 U/ml AO or HBS/D (pronounced H-B-S-D) to paired wells in triplicate to give a final AO concentration of 10 U/ml (TEXT: Wells contain 400 μl of HBS/D prior to addition). Following this, label the paired wells as “- AO” and “+ AO”.	 
3.1.1. CU: Wells as talent adds appropriate reagent to each one.
3.1.2. MED-over the shoulder: Talent labels paired wells with corresponding label. (shot out of sequence after 3.5.1)
3.2. After mixing the plates with gentle orbital mixing for 5 min at 37 °C, add 50 μl of 2.4 mM ferene-S to all of the wells to give a final ferene-S concentration of 200 μM. Mix the plates as above for 5 min at 37 °C.
3.2.1. MED: Talent adds ferene-S solution to wells.
3.2.2. MED-over the shoulder: Talent places plate on orbital mixer, programs appropriate settings and turns it on.
3.3. Next, add 50 μl of freshly prepared 120 μM ferric citrate to all of the wells to give final iron and citrate concentrations of 10 μM iron and 50 μM citrate, respectively. Mix well.	
3.3.1. CU: Wells as talent adds ferric citrate solution to each one.
3.3.2. Reuse shot 3.2.2 – use the part that shows turning the orbital mixer on.
3.4. At the end of the ascorbate-efflux assay, rapidly aspirate the overlying medium from each well and add to appropriately labeled wells in a 24-well plate (TEXT: For suspension cells, initially remove cells by centrifugation at 4 °C).  
3.4.1. MED: Talent removes overlying medium from each well and adds each aliquot to appropriately labeled wells in a 24-well plate.
3.5. Following this, add 300 μl aliquots of the supernatant to a 96-well plate. To determine extracellular ascorbate, read the absorbance values of the wells at 593 nm in a microplate spectrophotometer.  
3.5.1. CU: 96-well plate as talent adds supernatant aliquots to each well.
3.5.2. SCREEN: Computer screen showing absorbance values of wells at 593 nm.
3.6. Finally, calculate the amount of extracellular ascorbate as nmoles ascorbate per mg protein (TEXT: Optimize conditions so that ascorbate release is not limited by intracellular ascorbate). 
3.6.1. SCREEN: Computer screen as talent calculates amount of extracellular ascorbate.
4. Results: Determination of Intracellular and Extracellular Ascorbate in Cultured Cells
4.1. Shown here is a typical standard curve for a set of ascorbate standards 0-20 μM or 0-2 nmole ascorbate per well of the 96-well plate. Although not shown here, linearity is maintained up to 8 nmole ascorbate per well, which corresponds to a sample ascorbate concentration of ~80 μM. The assay can be used to successfully detect ascorbate levels below 0.25 nmole ascorbate per well. 
4.1.1. LAB MEDIA: Figure 2
4.2. K562 cells rapidly accumulate intracellular ascorbate from extracellular dehydro-L-ascorbic acid, but not ascorbate. In this representative experiment, PBS-washed K562 cells were incubated in PBS with 500 μM of either ascorbate, dehydro-L-ascorbic acid, dehydro-L-ascorbic acid plus 50 μM cytochalasin B, ascorbate plus 5 mM ferricyanide or ascorbate plus 50 U/ml AO for 30 min at 37°C. Intracellular ascorbate was determined as described previously. 
4.2.1. LAB MEDIA: Figure 3 (Video Editor:  For 2nd sentence, please highlight “Asc” bar when ascorbate is mentioned, “DHA” bar when “dehydro-L-ascorbic acid” is mentioned, “DHA+CB” bar when “dehydro-L-ascorbic acid plus 50 μM cytochalasin B” is mentioned, “Asc/FIC” bar when ascorbate plus 5 mM ferricyanide is mentioned, and “Asc/AO” bar when “ascorbate plus 50 U/ml AO” is mentioned).
4.3. Dehydro-L-ascorbic acid uptake by K562 cells occurs by facilitative glucose transporter (GLUT)-mediated transport. To assess the involvement of GLUTs in dehydro-L-ascorbic acid uptake in this representative experiment, K562 cells were incubated with increasing concentrations of cytochalasin B or dihydrocytochalasin B (TEXT: cytochalasin B: CB, dihydrocytochalasin B: H2CB) prior to incubation with dehydro-L-ascorbic acid. It is important to note while both cytochalasin B and dihydrocytochalasin B inhibit motile processes at micromolar concentrations, only cytochalasin B, which differs from dihydrocytochalasin B by the presence of single double bond, inhibits GLUT-dependent transport at low micromolar concentrations. Therefore, as dehydro-L-ascorbic acid uptake was inhibitable by cytochalasin B with an IC50 < 2.5 μM, but was not inhibitable by dihydrocytochalasin B, dehydro-L-ascorbic acid uptake probably occurs by GLUT-mediated transport. 
4.3.1. LAB MEDIA: Figure 4A
4.4. Alternatively, washed cells were exposed to increasing concentrations of the GLUT-transportable, but non-metabolizable glucose analog 3-O-methyl-d-glucose (TEXT: 3-O-methyl-d-glucose: 3-OMG) or the non-GLUT-transportable glucose stereoisomer L-glucose prior to incubation with dehydro-L-ascorbic acid. Again the results indicate GLUT involvement in dehydro-L-ascorbic acid import as inhibition  (
F
igure 4
)of intracellular ascorbate accumulation occurs only in the presence of the GLUT-transportable glucose analog. 
4.4.1. LAB MEDIA: Figure 4B
4.5. In the second assay, the rate of ascorbate-efflux from cultured cells can be determined. This specific assay is important as the release of ascorbate from cells appears to be crucial for the ascorbate-regulated cellular uptake of non-transferrin-bound iron by cells. The uptake of non-transferrin-bound iron is considered to be relevant to the pathophysiology of iron-overload disorders such as the hemochromatoses, as well as to astrocyte-neuron iron exchange and homeostasis in the mammalian brain. Indeed, the major excitatory neurotransmitter, L-glutamate, triggers the release of ascorbate from astrocytes in a manner that depends on L-glutamate uptake by GLAST, and probably GLT-1, and subsequent cellular swelling that triggers the release of ascorbate by putative VSOACs (pronounced Vee-soaks) (TEXT: VSOACs: Volume-sensitive Osmolyte and Anion Channels). In analogy, ascorbate release from ascorbate-loaded astrocytes can be stimulated by the excitatory amino acid, L-aspartate, but not the non-excitatory amino acid L-glutamine. This effect is depicted here, which shows dose-response curves for the stimulation of ascorbate release by aspartate and glutamine from primary cultures of ascorbate-loaded mouse astrocytes.  
4.5.1. LAB MEDIA: Figure 5 (Video Editor:  For last sentence, please highlight aspartate curve when “aspartate” is mentioned and glutamine curve when “glutamine” is mentioned). 


5. Conclusion (said by authors on camera)

5.1. Dr. Darius Lane: Once mastered, this technique can be done in 2h if it is performed properly.
       

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.

SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions.



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.
 2012, Journal of Visualized Experiments

