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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___YES______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Nikon SMZ745 http://www.nikoninstruments.com/Products/Light-Microscope-Systems/Stereomicroscopes-and-Macroscopes/Stereomicroscopes/SMZ745/Overview-Key-Features)
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO_____ 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 using the step numbers listed in this document. ____.2.-2.9, _3.1-3.6, 4.3_____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._ The surgery to inject SERCaMP expressing virus.  Ensure success by monitoring GLuc-SERCaMP in the plasma over 2 weeks post-surgery.
E.  Will the filming need to take place in multiple locations? (Y/N) _YES_ If yes, how far apart are the locations? __Same floor of building; short walk.
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 monitor endoplasmic reticulum calcium dysregulation over time using a secreted reporter protein. (Intro)
This is achieved by viral-vector mediated transgenesis of the target tissue, specifically liver in this example, with the Gaussia luciferase SERCaMP reporter. (C1, Editor bring in the rat and the scalpel and move scalpel along rat’s middle abdomen to depict incision (followed by straight line) and then add the liver to the spot of the incision.  Then bring in the syringe and move syringe to exposed liver (the upper left lobe) and push plunger (partial way) to initiate virus injection.  Repeat syringe injection 2 more times at different locations within the upper left lobe.)
Next, biological fluid, such as blood, is collected_in order to measure the amount of SERCaMP released from the tissue. (C2, Editor, use C2 here.  Begin with bottom of rat, then bring in the scissors to clip the tail, then add the tubes and the drops of blood and add red to one of the tubes. )
Then the luciferase substrate is added to the blood samples and luminescence is measured to determine ER calcium depletion. (C3, Editor use C3 here.  Bring in the rectangle with the ovals, then bring in the tube and the pipetman and place the tip of the pipetman into the tube, taking up some of the light yellow liquid.  Then remove it and drop the liquid into one of the circles on the plate.  For’ luminescence is measured,’ place the bright yellow star-like object onto the same circle where the liquid was placed.
The results show _ER calcium dysregulation, as indicated by increased levels of plasma SERCaMP.  ER homeostasis can be monitored over extended durations by repeated sampling of small volumes of biological fluids. (C4, Editor, use C4 here.  Begin with the black bottom line, then add in the red trace if possible and point out the red line for calcium dysregulation.)

[image: image1.emf]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Kathleen Trychta: The main advantage of this technique over existing methods, like low affinity calcium dyes or genetically-encoded calcium indicators, is that ER calcium homeostasis can be monitored in vivo, over time, via a minimally invasive procedure.   

1.2. Author name  Steve Yan: There are two therapeutic avenues for this technique: The first is to screen for drugs that can maintain or restore ER calcium homeostasis to normal physiological state.  The second approach is to modify therapeutic proteins to become therapeutic SERCaMPs where their  secretion occurs in response to ER calcium depletion. 

1.3. Author name __Emily Simons Wires: Though this method can provide insight into ER calcium dysregulation in the liver, it can also be applied to other organ systems such as muscle, heart, pancreas, or brain.

Protocol (read by voice talent at JoVE):

2. In vivo SERCaMP Assay – AAV-GLuc-SERCaMP Injection
2.1. TEXT ON WHITE BACKGROUND:  Before animal procedures, obtain proper institutional approval.  All survival surgeries are to be done under sterile conditions with appropriate anesthesia. All procedures described below have been approved and are in compliance with NIH ACUC guidelines [2.1.1-TXT].
2.1.1. TEXT of the above statement

2.2. After anesthetizing a Sprague-Dawley rat according to the text protocol [2.2.1-WIDE/MED-TXT], apply ophthalmic ointment and perform a tail pinch to verify anesthetization [2.2.2-CU].
2.2.1. Talent places anesthetized animal on bench (TEXT: 180-200 g)

2.2.2. Talent finishes applying ophthalmic ointment and performs tail pinch
2.3. Shave the region of the abdomen slightly below the ribs to the mid abdominal region [2.3.1-CU] and scrub the surgical area three times, alternating Betadine and 70% ethanol [2.3.2-CU].  Then place the rat in a supine position on a sterile surgical area and cover with sterile surgical drapes [2.3.3-CU].
2.3.1. Film as written

2.3.2. Talent cleans area with betadine and then ethanol
2.3.3. Film as written

2.4. Dilute AAV-GLuc-SERCaMP to 7.6 x 109 vg/ml and mix by inverting in the tube [2.4.1-CU].  Then pipet 105 ul of the diluted AAV onto a piece of Parafilm [2.4.2-CU] and use a 30-gauge needle to collect the virus into a syringe [2.4.3-CU/ECU].  

2.4.1. Film as written

2.4.2. Film as written

2.4.3. Film as written

2.5. To expose the liver for injection, using a scalpel, make a horizontal incision ~2-3 cm in length below the rib cage [2.5.1-CU].  Blunt dissect to separate the connective tissue from the hypodermis [2.5.2-CU].  
2.5.1. Film as written

2.5.2. Film as written

2.6. Cut the abdominal muscle, exposing the right medial lobe of the liver [2.6.1-CU-TXT].
2.6.1. Film as written  (TEXT: additional lobes may be injected)

2.7. Next, place the animal under a surgical microscope [2.7.1-MED/CU] and adjust to get the right medial lobe of the liver in the field of view [2.7.2-SCOPE]. 
2.7.1.  Film as written

2.7.2. Film as written
2.8. Then, using the syringe, inject 1/3 the total volume of virus into three sites in the parenchyma of the right medial lobe [2.8.1-SCOPE], leaving the needle in the tissue for 5-10 seconds following injection to ensure delivery of the entire injection volume [2.8.2-SCOPE].
CU]. 
2.8.1. Film as written

2.8.2. Film as written

2.9. Suture the abdominal muscle and incision [2.9.1-SCOPE/ECU] and use a cotton-tipped applicator to apply Neosporin [2.9.2-CU].  Place the rat in a recovery chamber until consciousness is regained and it is able to maintain an upright position [2.9.3-MED/CU] before returning the animal to a single-housed home cage [2.9.4-MED-TXT]. 

2.9.1. Talent finishes suturing incision
2.9.2. Film as written

2.9.3. Animal moving around after surgery
2.9.4. Talent places animal in single-housed home cage  (TEXT: refer to text protocol for additional monitoring)
3. In vivo SERCaMP Assay – Blood Sample Collection 
3.1. Four to seven days after injection, prepare blood collection tubes by labeling and pre-weighing them [3.1.1-MED/CU].  Then add 50 ul of 1000 U/ml of heparin to each tube [3.1.2-CU].
3.1.1. Talent places a labeled tube on scale to weigh

3.1.2. Talent adds heparin to tubes

3.2. After anesthetizing the rat according to the text protocol [3.2.1-MED/CU], perform a tail pinch to verify sedation [3.2.2-CU] and using sterile scissors, cut the tip of the tail ~1-2 mm from the end [3.2.3-CU]. Collect greater than 100 ul of blood drop-wise into a tube pre-filled with heparin [3.2.4-CU/ECU].
3.2.1. Talent places anesthetized rat on bench
3.2.2. Film as written

3.2.3. Film as written

3.2.4. Film as written
3.3. To stop the bleeding, use a wet cotton applicator to apply styptic powder to the tail [3.3.1-CU].
3.3.1. Film as written
3.4. Use an ethanol pad to wipe the scissors [3.4.1-CU] and bead sterilize in between collections [3.4.2-MED/CU].  Store the blood tubes at 4°C if collecting subsequent samples [3.4.3-WIDE].
3.4.1. Film as written

3.4.2. Film as written

3.4.3. Talent places tubes in fridge; B need another version of placing tubes into fridge for 3.6.3 below
3.5. Weigh the collection tubes [3.5.1-MED/CU] and adjust the heparin to obtain a 2:1 ratio of blood to heparin.  This step will normalize the amount of heparin in each sample [3.5.2-CU].
3.5.1. Talent weighs a tube

3.5.2. Talent adds heparin to tubes

3.6. Centrifuge the tubes at 2000 x g and 4°C for five minutes [3.6.1-MED].  Transfer the plasma supernatant to a fresh tube [3.6.2-CU] and store at 4 degrees C for up to 72 hours [3.6.3-WIDE] or -80°C for long term for the luciferase assay [3.6.4-WIDE].
3.6.1. Talent places tubes into centrifuge and sets speed and time
3.6.2. Film as written

3.6.3. Use 3.4.3B here

3.6.4. Talent places tubes into the freezer; Editor, use as a split screen with 3.6.3 when mentioned
3.7. To administer Thapsigargin as a positive control, dilute in ethanol to a final concentration of 2.5 mg/ml [3.7.1-CU].  Then inject at 1 mg/kg intraperitoneally in the lower abdomen [3.7.2-CU]. Sample the first blood sample at 24 hours after injection as described above [3.7.3-FF].  
3.7.1. Film as written

3.7.2.  Film as written

3.7.3.  FREEZE FRAME from 3.2.4 above
4. Gaussia Luciferase Assay
4.1. To measure luminescence, prepare the coelenterazine working substrate according to the text protocol and incubate it at room temperature, protected from light, for 30 minutes [4.1.1-MED/CU].
4.1.1. Talent finishes preparing substrate and sets on bench to incubate
4.2. In the meantime, thaw all samples on ice [4.2.1-MED/CU] and transfer 10 ul of plasma to an opaque walled plate [4.2.2-CU].  
4.2.1. Talent places samples on ice

4.2.2. Film as written
4.3. Using a plate reader that is capable of monitoring bioluminescence and equipped with a substrate injector [4.3.1-MED/CU], prime the lines with substrate [4.3.2-MED/CU]. 
4.3.1. Shot of plate reader

4.3.2. Film as written
4.4. Inject 100 ul of substrate into a well [4.4.1-CU], shake at medium speed for 5 seconds [4.4.2-MED/CU], and measure light emission [4.4.3-CU].  
4.4.1. Film as written

4.4.2. Film as written

4.4.3. Film as written
4.5. For in vitro samples, integrate light emission over 0.5 seconds for the read step [4.5.1-CU], and for in vivo samples integrate over 5 seconds for the read step [4.5.2-CU].
4.5.1. Talent sets up integration time of 0.5 seconds for read step 
4.5.2. Talent sets up integration time of 5 seconds for read step, Editor, place side by side with 4.5.1 and label 4.5.1 with ‘in vitro’ and 4.5.2 with ‘in vivo’
5. Results: Endoplasmic Reticulum Calcium Homeostasis Assessment using GLuc-SERCaMP 
5.1. To assess ER calcium homeostasis using the GLuc-SERCaMP method, several controls can be included such as a constitutively secreted reporter like GLuc-No Tag.  In this case, an increase in extracellular levels of both GLuc-SERCaMP and GLuc-No Tag in response to experimental conditions would be considered an ambiguous result.  However, an increase in GLuc-SERCaMP secretion with no GLuc-No Tag response supports an ER calcium dependent event [5.1.1-LM].
5.1.1. LAB MEDIA Figure 8a, Editor, for the last sentence, point out the rising blue line for the GLuc-SERCaMP secretion and the green line for the GLuc-No Tag response.
5.2. Pharmacologic modulators of the ER calcium store can be utilized to confirm the contribution of ER calcium to SERCaMP release in novel paradigms.  For example as demonstrated here, Dantrolene, a RyR antagonist that stabilizes ER calcium inhibits the release of SERCaMP in response to thapsigargin [5.2.1-LM].
5.2.1. LAB MEDIA Figure 8B, Editor, for the second sentence, point out the dropping levels of relative luminescence in both lines with increasing concentrations of Dantrolene.
5.3. For in vitro studies using GLuc-based SERCaMP, the ‘treatment-induced’ response is best assessed over the timecourse by tracking changes in relative response within a plate versus controls. It is not advisable to compare raw numbers across multiple plates, where decay of substrate can lead to changes in raw values [5.3.1-LM]. 
5.3.1. LAB MEDIA Figure 6C, 6D, Editor, point out the Y axis in D for ‘tracking relative response within a plate versus control’ and for ‘leading to changes in raw values…’ point out the declining black line in C.
5.4. For in vivo studies, data should be assessed independently for each animal, with every animal serving as its own ‘pre-treatment’ control.  This is necessary to account for variability in transgene delivery and expression between animals [5.4.1-LM].

5.4.1. LAB MEDIA Figure 4A, Editor, for the last sentence, point out the differences in the 3 orange lines in at day 4 (baseline expression), and day 12-15 in panel B (demonstrating similar responses to Tg despite differences in raw values from panel A).
6. Conclusion (said by authors on camera)

6.1. Author name Mark Henderson: After watching this video, you should have a good understanding of how to utilize the SERCaMP technology to investigate ER calcium regulation in rodent models of liver disease.

6.2. Author name  Brandon Harvey: Don't forget that working with viral vectors can be extremely hazardous and precautions such as wearing proper personal protective equipment should always be taken while performing this procedure.   

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.

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.
( 2013, Journal of Visualized Experiments
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