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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: ______________________________

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___3.3, 3.4, 4.4, 4.5, 4.6_______________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The setup of electrospinning apparatus. I will set it up the day before filming.
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 use rheological studies to evaluate the electrospinnability of biopolymers . (Intro)

This is accomplished by first preparing biopolymer dispersions in solvent. (P1)
The second step is to run shear rheology tests on the dispersions. (P2)
Next, the dispersions are subject to electrospinning and their electrospinnability is observed. (P3)
The final step is to correlate the shear viscosity data with electrospinnability. (P4)
Ultimately, an electrospinnability map can be constructed as a function of biopolymer concentration and solvent composition. (P5)
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).   
(Video editor: Images are on upload site in files P1​.jpg–P5.jpb.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Lingyan Kong: Though this method can provide insight into the effect of molecular interaction of the electrospinnability of starch and pullulan, it can also be applied to electrospinning of other polymer systems.
Protocol (read by voice talent at JoVE):
2. Spinning Dope Preparation
2.1. Begin the protocol by preparing a range of biopolymer mass concentrations. Produce samples with mass concentrations of 0.1 to 30% by first weighing the biopolymer powder into a 50 ml test tube.  For this video, starch, shown here, or pullulan is used. Take account of the moisture content of the powder before adding aqueous dimethyl sulfoxide solution. (TEXT: 12% biopolymer in 100% DMSO shown) 

2.1.1. WIDE: Talent at bench with scale starting to weigh powder into test tube

2.1.2. MED: Talent measuring biopolymer into test tube.

2.1.3. CU: Test tube with starch

2.1.4. CU: Test tube with starch as DMSO is added
2.1.5. [added] vortex mixing
2.2. Once this is done, put a stir bar in the biopolymer solution.   Place the test tube in a beaker containing enough water to immerse the sample.  Place this on a magnetic stirrer hotplate and start constant stirring while bringing the water to a boil.  Maintain this for about an hour.

2.2.1. MED: Talent completing pouring of DMSO, then adding a stir bar

2.2.2. MED: Talent placing test tube in water (Authors:  If you show multiple samples in the water, please alter the script accordingly) two samples were being used
2.2.3. MED: Talent placing beaker on hotplate, starting constant stirring and heating CU: turning on hotplate
2.2.4. CU: Test tube in beaker on hotplate showing stirring action and boiling water

2.3. When the hour has ended, turn off the heat and allow the dispersion to cool to room temperature. Once at room temperature, the dispersion is ready for rheological testing and electrospinning.

2.3.1. MED: Talent shutting off stirrer and hotplate, then moving test tube to a rack to cool

2.3.2. CU: Dispersion that is ready for testing
3. Steady Shear Rheology
3.1. Before rheological testing, warm up the rheometer and set the stage temperature to 20ºC. Set up a 50 mm cone probe and calibrate the gap between it and the stage.  When ready, load 1.3 mL of the biopolymer dispersion onto the center of the stage.

3.1.1. WIDE: Talent at the rheometer, preparing it for use

3.1.2. MED: Talent working to calibrate cone probe; ideally probe will be visible

3.1.3. MED: Talent loading dispersion onto stage

3.2. Be certain the dispersion is at the center of the stage.  Lower the probe to set the position.  (TEXT: 0.043 mm gap for a 50 mm cone)  Make sure the dispersion spreads evenly within the gap.  Perform the rheological test in logarithmic mode starting at a shear rate of 100 s-1 and ending at 0.1 s-1. Make both clockwise and counterclockwise measurements.

3.2.1. CU: Dispersion at center of stage

3.2.2. CU: Dispersion at center of stage, then probe being lowered into position (Video editor: This goes with the second and third sentences.)

3.2.3. TEXT on screen: Sweep mode: log [new llne] Initial rate: 100 s-1 [new line] Final rate: 0.1 s-1 [new line] Points per decade: 10 [new line] Directions per measure: clockwise and counterclockwise [new line] Delay before measure: 5 s [new line] Measure time 10 s  (Video editor: This goes with the last two sentences.)
3.3. After testing different polymer concentrations, plot the apparent shear viscosity against shear rate for each concentration on the same graph, as in this plot for Gelose 80 starch in pure DMSO at 20 ºC.  This is the analogous plot for pullulan.  Use the data to approximate the zero shear viscosities.  From that determine and plot the specific viscosity of the solvent as a function of concentration.

3.3.1. LAB MEDIA: “Figure2A (1).jpg”, “Figure2B (1).jpg”  (Video editor: Please start with 2a.  In the first sentence, in some way highlight the axes when they are mentioned and draw attention to the legend at right during “..for each concentration..”  Please add 2b to the right during the second sentence.  Maintain both through the third sentence.)

3.3.2. LAB MEDIA: “Figure3A (1).jpg”, “Figure3B (1).jpg” (Video editor:  Please visually associate 3a with 2a and 3b with 2b.  Possibly have all four on the screen with the figure 3 images below their respective figure 2 images, then eliminating the figure 2 images)

3.4. Using the Gelose 80 starch plot as an example, the region with the smaller slope is the semi-dilute unentangled regime.  The region with the larger slope is the semi-dilute entangled regime.  The intersection of the two fitted lines is the entanglement concentration.  For starch this concentration is found to be 6.88%.  The entanglement concentration in pullulan is 4.3%. 

3.4.1. LAB MEDIA: “Figure3A (1).jpg”, “Figure3B (1).jpg  (Video editor: Please bring the left image to the foreground and highlight the horizontal axis on the left before the vertical line labeled ce=6.88. Label this part of the axis the “semi-dilute unentangled regime.”  During the second sentence highlight the horizontal axis to the right of the vertical line and label it the “semi-dilute entangled regime”. During the third sentence, circle the point where the three lines come together in the center of the plot. Then call attention to the point where the vertical line hits the horizontal axis and label that the “entanglement concentration”.  After “For starch...6.8%” return 3a to the side of 3b.  During the last sentence, on 3b please highlight the point where the vertical line hits the horizontal axis.)
4. Electrospinning Parameter Variation
4.1. The next step is to assemble the electrospinning setup, which is done in a fume hood for safety. This consists of a syringe pump on a support that can be adjusted vertically.  The pump accommodates a syringe with a blunt needle oriented vertically.  These are placed above a coagulation bath containing pure ethanol. 

4.1.1. WIDE: Talent at the electrospinning set-up

4.1.2. [combined with 4.1.1] MED: Talent adjusting/checking mounting of pump

4.1.3. CU: Syringe pump with needle oriented properly

4.1.4. MED: Talent adding ethanol to coagulation bath

4.2. Employ a high-voltage DC power supply and attach a wire to its ground terminal and extend it to the coagulation bath.  To ground the coagulation bath, immerse the other end of the wire in the ethanol and secure it.  Next, remove the syringe for the pump and fill it with a dispersion composition above the entanglement concentration identified in the rheological experiments.

4.2.1. MED: Talent next to electrospinning set-up, attaching a wire to ground terminal of power supply and extending it to the coagulation bath

4.2.2. CU: Coagulation bath as wire is immersed and secured 

4.2.3. MED: Talent removing syringe and to loading it with dispersion

4.3. Mount the syringe onto the pump.  Then, extend a wire from the positive terminal of the high voltage power supply and clip it to the syringe needle.  Before electrospinning, insert a metal mesh in the bath to collect the fiber mat.

4.3.1. MED: Talent placing syringe in pump

4.3.2. MED: Talent connecting wire from power supply to syringe needle

4.3.2.B [added] CU clipping to needle
4.3.3. MED: Talent placing mesh into bath [shot is after 4.1.4] 
4.4. Also, set the distance between the needle tip and the surface of the coagulation bath, the spinning distance.  Begin with a spinning distance of 7 cm.  Set the syringe pump feed rate to 0.1 mL/h.  Then, starting at zero volts, slowly ramp the voltage up to a maximum of 15 kV.

4.4.1. MED: Talent getting ruler and starting to measure the spinning distance

4.4.2. CU: Ruler showing the distance between the syringe needle and alcohol surface is 5 7 cm

4.4.3. MED: Talent starting syringe pump, then turning on power supply and ramping voltage

4.5. Pay attention to the shape of the dispersion extruded at the needle tip.  Note when the dripping dispersion is accelerated and then elongated. Continue the experiment by exploring the range of voltage, feed rates from 0.1 to 0.4 mL/h, and spinning distances from 5 to 10 cm. 

4.5.1. CU ramping voltage

4.5.1B
[moved] MED: Talent ramping voltage and paying attention to shape of released dispersion

4.5.2. CU or ECU: Dripping dispersion as it transitions to being accelerated and elongated [was not slated – there are 4 takes – first 2 shot 1080p24, 2nd 2 shot 720p60 in case slower would be needed]
4.5.3. MED or WIDE: Talent performing experiment

4.6. If a continuous jet is initiated from the tip, electrospinning has been achieved.  Allow the fibers to collect in the bath. Be certain to record the parameters and collect the fibers. 

4.6.1. [combined with 4.5.2] CU: Transition to a continuous jet coming from needle tip

4.6.2. CU: Fibers being collected in bath [not slated]
4.6.3. MED: Talent collecting fibers from bath

4.7. Rinse the collected fiber mat with pure ethanol.  Then, place it into a desiccator containing desiccant under vacuum. Once electrospinnability has been demonstrated, move to another dispersion and repeat the steps until each biopolymer concentration has been tested.

4.7.1. MED: Talent rinsing fiber mat with alcohol

4.7.2. WIDE: Talent placing fibers in a desiccator

4.7.3. WIDE: Talent at experiment set-up, removing or replacing syringe and starting process over
5. Results: Electrospinnability of Starch and Pullulan
5.1. This is a scanning electron microscope image of well formed fibers produced from electrospinning a pullulan dispersion.  (TEXT: 17% w/v pullulan in 40% v/v DMSO) The dispersion formed a stable and continuous jet and resulted in smooth fibers without droplets.

5.1.1. LAB MEDIA: “Figure4C (1).jpg”  

5.2. In contrast, these are poorly formed electrospun fibers. (TEXT: 9% w/v pullulan in 80% v/v DMSO) Note the tiny droplets that result from the dispersion being unable to form a stable jet.  Similar results were obtained with Gelose 80 starch. Note that the thick fibers with rough surface result from a dispersion that is too viscous to develop whipping instability.

5.2.1. LAB MEDIA: “Figure4C (1).jpg”, “Figure4D (1).jpg”, “Figure4A (1).jpg”, “Figure4B (1).jpg” (Video editor: Please add figure 4d to right of image in 5.1.1 (Figure 4a). Point out one of the droplets in the image during the second sentence.  On the third sentence add figure 4a and 4b below 4c and 4d, respectively.)

5.3. Electrospinning was attempted for a range of pullulan and starch dispersions.  These plots summarize the evaluation of electrospinnability as a function of DMSO concentration in solvent and biopolymer concentration in dispersion.  Good electrospinnability is denoted with circles.  Poor electrospinnability is marked by diamonds.  The Xs mark dispersions for which electrospinning could not be achieved.

5.3.1. LAB MEDIA: “Figure5A (1).jpg”, “Figure5B (1).jpg”  (Video editor: Please present these plots together either 5b on top of 5a, or 5b to left of 5a.  During the first sentence, call attention to 5b when “pullulan” is voiced and 5a when “starch” is voiced [They can also be labeled].  During the second sentence, highlight the vertical axes during “DMSO concentration” and the horizontal axes during “biopolymer concentration.”  Please point out one circle data point in each during “Good electrospinnability is denoted with circles.”  Point out a diamond data point on each during “Poor ...diamonds.”  Point out an X on each during the last sentence.)

5.4. The entanglement concentrations are approximately labeled.  The shaded areas roughly represent electrospinnable regions.  

5.4.1. LAB MEDIA: “Figure5A (1).jpg”, “Figure5B (1).jpg  (Video editor: Please point out a Ce on each of the plots during the first sentence.)
6. Conclusion (said by authors on camera)
6.1. Author name Lingyan Kong: Don't forget that working with the high voltages of electrospinning can be extremely hazardous. While performing this procedure, take precautions such as making sure the apparatus is properly grounded, working in a fume hood to expel solvent vapor, and avoiding close spinning distances.
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.

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


