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Authors, please check the answers to 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__ Author: please indicate which steps require the microscope.____  (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)__N______ 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.  2.3, 2.5, 2.6, 2.7, 3.2, 3.3, 4.1, 5.2.
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 most difficult aspect of this procedure is step 2.6 – 2.8, which includes the setup of the machine and the adjustment of the parameters (i.e. the voltage of the machine and the distance from the tip of the needle to the surface of CaCl2 solution, et al). These parameters and the setup of the machine are important to successfully process the encapsulation. In order to ensure the success, we will not do encapsulation until the parameters are adjusted to the most ideal status. 
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

Video editor: graphics for P1 – P4 are in ‘52806_schematic overview graphics.pptx’

The overall goal of this procedure is to demonstrate the encapsulation of a thermogenic catabolic cell line and its applications in vitro and potentially in vivo. (Intro) 

To begin this procedure, prepare a sodium alginate cell suspension and transfer it to a 5-ml syringe. (Video editor: show the cartoon of the syringe) (P1)

The next step is to use an encapsulation device to produce the alginate microbeads. (Video editor: animate the drop coming out of the syringe into the container and the beads appearing) (P2)

The microbeads are then coated with a polycationic poly-L-lysine solution, (Video editor: show the big alginate bead, animate the PLL solution being poured on the bead to produce the coated bead) and the alginate core is subsequently removed to form a semi-permeable membrane around a cell suspension. (Video editor: animate citrate solution being poured on the PLL-coated bead and the inner gray color turning white to produce the microcapsule) (P3)

The final step is to co-culture the encapsulated cells with other cell lines, (Video editor: show the dish with the cells) or inject them into the fat tissues of mice. (Video editor: animate the syringe injecting the two iAb areas of the mouse) (P4)

Ultimately, immunoblot analysis shows higher lipolytic activity in adipocytes co-cultured with aldehyde dehydrogenase 1-deficient adipocyte containing microcapsules, (Video editor: show graph only from Figure 2.docx) while immunohistochemistry shows successful transplantation of encapsulated cells into the fat tissues of mice. (Video editor: show the top photos only from Figure 3.docx) (P5) 



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Qiwen Shen: Though this method can provide insight into thermogenesis in adipose tissue, it can also be applied to other existing animal models to provide low-cost experimental model systems for testing cell subsets in vivo for biomedical discoveries. 5 is best take



Protocol (read by voice talent at JoVE):

2. Alginate microbeads preparation

2.1. All procedures should be performed in a level 2 biosafety cabinet with laminar flow. To begin, remove the old medium from the cell culture flask and rinse the pre-adipocytes with 10 ml of PBS. Remove the PBS and resuspend the cells in 2 ml of 0.25% trypsin-EDTA. 

Shots:
2.1.1. WIDE/MED: Talent taking a T175 flask with cells to the hood.
2.1.2. CU: Talent removing medium from flask and then adding PBS. Take 4
2.1.3. CU: PBS is removed and 2 ml of 0.25% trypsin-EDTA added to flask.
2.1.3b Added shot: CU: 8mL medium is added to the flask, and cell suspension is transferred from T175 flask to 50mL centrifuge tube.
2.1.3c Added shot: MED: Talent putting the tube into the centrifuge.
Added shot: CU: Talent taking out the medium from centrifuge tube, and resuspend cell pellets with medium.

2.2. Remove a 10 l aliquot from the cell suspension and count cells using a hemocytometer according to the manufacturer’s instructions.

Shots:
2.2.1. CU: 10 l aliquot of cell suspension being pipetted into a hemocytometer. Readjusted during shot; could not retake
2.2.2. MED: Talent at the microscope counting cells.

2.3. Add DMEM to the remaining cells to get the ideal amount of cells, and centrifuge at 480 x g at room temperature for 5 minutes.  (TEXT: 480 x g; room temperature; 5 min)

Shots:
2.3.1. MED: Talent (working in hood) adding DMEM to the flask (from 2.1) and then transferring the cell suspension to a tube. 
2.3.2. MED: Talent putting the tube into the centrifuge. Encapsulation device added after this shot

2.4. After determining the amount of cells needed following the directions in the protocol text, resuspend the cell pellet in an appropriate volume of a 2% sodium alginate solution.  (TEXT: Use 1 ml sodium alginate per 2 million cells) Transfer the sodium alginate-cell solution to a 5-ml syringe.  

Shots:
2.4.1. MED: Talent (in hood) adding 2% sodium alginate solution to the tube and resuspending the cell pellet.
2.4.2. CU: Sodium alginate-cell solution being transferred to a 5-ml syringe. Shot changes multiple times throughout

2.5. Remove any air bubbles in the solution, and invert the syringe to create a 1-ml pocket of air.

Shots:
2.5.1. CU: Air bubbles being removed, a 23-gauge needle is attached and the syringe is inverted to create a 1-ml pocket of air.

2.6. To prepare for encapsulation, place a small beaker containing 144 ml of a 100 mM calcium chloride solution under the needle spout of the encapsulation device. Attach the electrode to the encapsulator with the tip approximately 2.5 cm above the surface of the calcium chloride solution.

Shots:
2.6.1. MED: Talent placing a beaker with calcium chloride solution under the needle spout of the encapsulation device. (in the hood)
2.6.2. CU: Electrode being attached to the encapsulator with the tip about 2.5 cm above the surface of the calcium chloride solution. Use 2nd take; electrode already added

2.7. Place the syringe containing the sodium alginate-cell solution tightly in the syringe pump. Attach the rubber tube to the opening of the syringe. Push the plunger until the sodium alginate-cell solution enters halfway through the tube.

Shots:
2.7.1. MED: Talent placing the syringe in the syringe pump and attaching the rubber tube to the opening of the syringe.
2.7.2. CU: Plunger being pushed until solution enters halfway through the tube.

2.8. Adjust the voltage to 5.4 kV and set the diameter to 12.06 mm on the syringe pump. Adjust the speed to 3 ml per hour. (TEXT: 5.4 kV; 12.06 mm diameter; 3 ml/h) Start the pump. Turn on the encapsulator and maintain the voltage at 5.4 kV.

2.8.1. MED: Talent setting the voltage, diameter and speed of the syringe pump, and then starting the pump.
2.8.2. CU: Encapsulator being turned on. Take 2

2.9. Close the window of the hood and avoid any unnecessary vibrations until the formation of the alginate microbeads is complete.

2.9.1. MED: Talent closing the window of the hood and then walking away.

2.10. After all of the solution has passed through the needle, solidify the alginate ball-shaped microbeads in the calcium chloride solution for an additional 20 minutes before coating with polycationic poly-L-lysine, or PLL. 

Shots:
2.10.1. MED: Talent turning off the encapsulator. Take 3
2.10.2. ECU/CU: A shot of the beaker with the calcium chloride solution and the beads. 

3. Coating microbeads with poly-L-lysine (PLL) and removing the alginate core

3.1. Once the sodium alginate-cell ball-shaped microbeads have solidified, remove the beaker containing the microbeads from the encapsulation device. Transfer the microbeads into a 50-ml centrifugation tube. Remove the calcium chloride solution from the microbead pellet.  

Shots:
3.1.1. MED: Talent removing the beaker containing the microbeads from the encapsulation device.
3.1.2. CU: Microbeads being transferred to a 50-ml tube. “Cutaway” added after this shot to show lid replacement
3.1.3. CU: Calcium chloride solution being removed from the microbead pellet.

3.2. Wash the microbeads by adding 30 ml of a 0.9% sodium chloride solution and gently shaking the tube by hand. Allow the microbeads to precipitate by gravity. Then use a 25-ml pipette to remove the sodium chloride solution.

Shots:
3.2.1. MED: Multiple takes from different angles of talent adding sodium chloride solution to tube, gently shaking the tube by hand, and then setting the tube down.  Shot will be repeated later. Shots change throughout
3.2.2. MED: Multiple takes from different angles of talent using a 25-ml pipette to remove the sodium chloride solution. Shot will be repeated many times later. Shots change throughout

3.3. In this manner, wash the microbeads a total of 3 times. (TEXT: Wash 3X with 0.9% NaCl)

Shots:
3.3.1. Use shot from 3.2.1.
3.3.2. Use shot from 3.2.2.

3.4. Next add the 0.05% PLL solution to the microbeads; use 10 ml of PLL solution for every 1 ml of sodium alginate solution. Vortex at 1000 rotations per minute for 10 minutes, which is usually sufficient for PLL coating. (TEXT: 1000 rotations/minute; 10 min)

Shots:
3.4.1. CU: 0.05% PLL solution being added to the microbeads.
3.4.2. [combined with 3.4.1] MED/CU: Talent putting the tube into the vortex.

3.5. After confirming the formation of the PLL coat, remove the PLL solution and wash the capsules 3 times with a 0.9% sodium chloride solution, as shown earlier.

Shots:
3.5.1. MED: Multiple takes from different angles of talent checking the beads under the microscope.  Shot will be repeated later. Use CU from 2.2.2 take 1
3.5.2. LAB MEDIA: photo of PLL-coated bead from Figure 1B.  
3.5.3. MED: Talent removing the PLL solution and then adding 0.9% sodium chloride solution. Reuse 3.2.1
3.5.4. CU: Multiple takes from different angles of tube being gently shaken and then set down to let beads precipitate. Shot will be repeated later. Reuse 3.2.1
3.5.5. Use shot from 3.2.2. Reuse 3.2.1

3.6. To remove the alginate core from the PLL-coated microbeads, first add 30 mL of a 50 mM sodium citrate solution to the 50-ml tube. Wait for 5 minutes or until all the sodium alginate is dissolved.

Shots:
3.6.1. CU: Sodium citrate solution being added to the 50-ml tube and then tube is set aside for 5 minutes.
3.6.2. Use shot from 3.5.1.
3.6.3. LAB MEDIA: photo of microcapsule from Figure 1C. 

3.7. Wash the capsules three times with a 0.9% sodium chloride solution, as shown previously. (TEXT: Wash 3X with 0.9% NaCl) 

Shots:
3.7.1. MED: Talent removing sodium citrate solution and then adding 0.9% sodium chloride solution.
3.7.2. Use shot from 3.5.4.
3.7.3. Use shot from 3.2.2.

3.8. After the 3rd wash, add 20 ml of culture medium to the tube. Transfer all the capsules containing the cells to a cell culture flask. Handle the encapsulated cells under standard cell culture conditions. 

Shots:
3.8.1. MED: Talent adding 20 ml of culture medium to the tube (after removal of sodium chloride solution) and then transferring contents of tube to a cell culture flask. Done showing removal of NaCl & addition of medium
3.8.1b shows transfer to flask
3.8.2. MED: Talent putting flask into a cell culture incubator.





4. In vitro applications to study xenograft and host cell interactions or kinetics of metabolite influx/efflux between cells

4.1. The host cells for this procedure should be cultured in 24-well plates until confluent. Use Fibroblast Growth Medium, prepared as described in the accompanying protocol text, for culturing pre-adipocytes.  

Shots:
4.1.1. MED: Talent removing a 24-well plate of pre-adipocytes from the incubator.

4.2. Transfer the microcapsules into the 24-well plate containing confluent host cells. Add microcapsules to achieve a monolayer in each well (TEXT: 102 microcapsules/cm2 of well). 

Shots:
4.2.1. CU: Microcapsules (from 3.8) being added to each well of the 24-well plate.

4.3. Induce pre-adipocyte differentiation with Differentiation Medium I.  Incubate for 48 hours. (TEXT: 37°C; 5% CO2; 48 h) 

Shots:
4.3.1. [combined with 4.4.1] CU: Differentiation Medium I being added to the wells.
4.3.2. MED: Talent putting the 24-well plate into the incubator.

4.4. After 48 hours, change the media to Differentiation Medium II.  Replace the media with fresh Differentiation Medium II every 48 hours. (TEXT: Induce differentiation for 6 days)

Shots:
4.4.1. MED: Talent removing media and adding fresh Differentiation Medium II. 

4.5. Proteins from the cells will be analyzed by Western blot.

Shots:
4.5.1. MED: General shot of talent loading a gel with protein extract. 

5. Results: successful encapsulation and transplantation of preadipocytes into fat tissues of mice

5.1. Each step of microbead production can be observed under the microscope.  An alginate microbead is shown at 20X magnification prior to PLL coating (Video editor: Figure 1A photo), after coating with PLL (Video editor: Figure 1B photo), and after dissolving the alginate core. (Video editor: Figure 1C photo)

Shots:
5.1.1. LAB MEDIA: Figure 1.docx (bottom photos only)

5.2. (Figure 2) In a quantitative study, expression of adipose triglyceride lipase, or ATGL, was compared among 3T3-L1 adipocytes co-cultured with acellular, wild-type, or aldehyde dehydrogenase 1 a1 deficient adipocyte containing microcapsules. (Video editor: show Figure 2A photo minus the cartoon of the plate) The higher expression of ATGL in adipocytes co-cultured with Aldh1a1 deficient adipocyte containing microcapsules indicates higher lipolytic activity. (Video editor: add Figure 2B graph)

Shots:
5.2.1. LAB MEDIA: Figure 2.docx

5.3. (Figure 3 – bottom cartoon only) In an in vivo study, GFP-labeled encapsulated cells were injected into the intra-abdominal fat depot of mice.  80 days later, the injected fat pad shows discolored clusters of encapsulated cells. (Video editor: add triangle pointing to a discolored cluster)

Shots:
5.3.1. LAB MEDIA: bottom cartoon of Figure 3.docx

5.4. (Figure 3 –  add top left photo) A paraffin embedded section of the intra-abdominal fat depot stained with hematoxylin and eosin shows clusters of encapsulated cells, implanted microcapsules, (Video editor: highlight the ‘C’) encapsulated cells, (Video editor: highlight the ‘CC’) and host adipocytes. (Video editor: highlight the ‘A’) 

Shots:
5.4.1. LAB MEDIA: top left photo of Figure 3.docx


5.5. (Figure 3 – add top right photo) The same section analyzed under fluorescent light shows GFP-labeled transplanted cells on the inside of round intact capsules. The expression of GFP is also an indicator of cell viability.

Shots:
5.5.1. LAB MEDIA: top right photo of Figure 3.docx

6. Conclusion (said by authors on camera)
6.1. [bookmark: _GoBack]Qiwen Shen: After its development, this encapsulation technique paved the way for researchers in the field of metabolic diseases to explore possible treatments for obesity, insulin resistance in type 2 diabetes, inflammation, and cancer in model organisms.  This technique could also be applied for the treatment of obese animals, such as cats and dogs. 3 takes


Provided Media

1A. 52806_schematic overview graphics.pptx; graph from Figure 2.docx; top photos from Figure 3.docx
3.5. photo of PLL-coated bead from Figure 1B
3.6. photo of microcapsule from Figure 1C.
5.1. Figure 1.docx (bottom photos only)
5.2. Figure 2.docx
5.3. – 5.5. Figure 3.docx


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.
 2014, Journal of Visualized Experiments

