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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 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 by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted.

2.2 While preparing dispersions, always take molten lipid DU or PT (using a Pasteur glass pipette) transferring it to a glass vial.

2.4 Insert the solid titanium alloy probe, attached to the Cell Sonicator, in the vial containing the dispersion. Adjust the height and position of the vial to ensure that its sides and bottom are not touching to the probe.
2.6 To prepare a surfactant stabilized dispersion, sonicate the mixture for 10 min in a pulsed mode with 1 sec pulse mediated by 1 sec delay time at 35% (of the maximum) power. The vial gets very hot due to the heat generated during sonication. Therefore, allow it to cool down to room temperature before taking it off the clamp.
3.2-3.7 To prepare CNT dispersions in water, weigh appropriate amount of CNT in a vial and add 500 mL ultrapure water to each beaker. Using a probe ultrasonicator, sonicate the mixtures for 2 min in a continuous pulse mode at 40% (of the maximum) power. 

4.1-4.2 Prepare CNT stabilized lipid dispersions by taking 500 mg of the molten DU into a glass vial and adding 9.5 mL CNT dispersions in water. 
4.3, 4.6 Sonicate the CNT-DU mixture using a probe ultrasonicator for 2 min in a continuous pulse mode at 40% (of the maximum) power. CNT-PT dispersions require less power (35% of the maximum) but longer time (15 min) in a continuous pulse mode. 
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) ______________________

3-Note CNT dispersions are clear for about 30 min, after which the CNTs start to settle at the bottom of the vial. Hence while using the pure CNT dispersions to prepare CNT stabilized lipid dispersions, make sure that the CNT particles are not settled at the bottom.
E. Will the filming need to take place in multiple locations? (Y/N) ___N If yes, how far apart are the locations? _________________________________
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this method is to prepare nanostructured hybrid particles using carbon nanotubes, or CNTs, and lipid self-assemblies. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Chandrashekhar V Kulkarni: This method presents one of the smart applications of carbon nanotubes where they stabilize the nanostructured emulsion of internally self-assembled lipid particles [1.1.1 – MED].  
1.1.1. Chandrashekhar speaks toward the camera, interview style.
1.2. Chandrashekhar V Kulkarni: The main advantage of this technique is that the protocol is fairly simple and it combines elegant properties of both CNTs and lipid nanostructures [1.2.1 – MED].   
1.2.1. Chandrashekhar speaks toward the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Michael Rappolt: The CNT-stabilization produces an oil-in-water emulsion where the particles have a size of about one micron or below, and their core contains a bicontinuous cubic lipid nanostructure [1.3.1 – MED].
1.3.1. Michael speaks toward the camera, interview style.
1.4. Michael Rappolt: Due to coating of CNTs with biocompatible lipid molecules, their toxicity is anticipated to be low. [1.4.1 – MED]. Since recent reports have so far shown that the functionalization remarkably reduces the cytotoxic effects of CNTs while increasing their biocompatibility [1.4.2 – MED].
1.4.1. Michael speaks toward the camera, interview style.

1.4.2. [added] Michael speaks toward the camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Chandrashekhar V Kulkarni: [1.5.1 – MED] Demonstrating the procedure will be Yogita Patil-Sen, a postdoc from my laboratory [1.5.2 – MED] and Amin Sadeghpour, a postdoc from Professor Rappolt’s laboratory [1.5.3 – MED].  

1.5.1. Chandrashekhar speaks toward the camera, interview style.
1.5.2. Yogita looks up from workbench or desk and acknowledges the camera.

1.5.3. Amin looks up from workbench or desk and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Preparation of surfactant stabilized lipid particles 
2.1. Prepare a 0.2% surfactant solution in water by dissolving 200 milligrams of the surfactant in 100 milliliters of ultrapure water by stirring it for 20 to 30 minutes [2.1.1 – MED – TXT].
2.1.1. Talent dissolves 200 mg of the surfactant in 100 mL of stirring water.  TEXT Overlay: 0.2% (w/w) pluronic F127
2.2. Add 500 milligrams of molten Dimodan U, or DU, and Phytantriol, or PT, to a glass vial [2.2.1 – MED-over the shoulder].  Then, add 9.5 grams of the 0.2% F127 solution [2.2.2 – CU].
2.2.1. Talent adds 500 mg of molten DU and or PT to a glass vial.  Use labeled containers.
2.2.2. Vial as talent adds the F127 solution there.
2.3. On the probe ultrasonication machine, tightly clamp the vial to the retort stand jaw, so that it can withstand the vibrations generated by sonication [2.3.1 – MED].
2.3.1. Talent tightly clamps the vial to the retort stand jaw. (Comment: It walks in at the shot)
2.4. Insert the solid titanium alloy probe attached to the Cell Sonicator [2.4.1 – CU – TXT].  Adjust the height and position of the vial to ensure that its sides and bottom are not touching to the probe [2.4.2 – MED-over the shoulder].
2.4.1. Solid titanium alloy probe attached to the cell sonicator as talent inserts it.  TEXT Overlay: 13 mm diameter x 139 mm length
2.4.2. Talent adjusts the height and position of the vial to ensure that its sides and bottom are not touching the probe. (Comment: It walks out of the shot)
MOVE STEP 2.5 AFTER 2.7
2.5. Before and after using the probe, clean it with acetone and dry with a paper towel [2.5.1 – CU].  Then rinse it with ultrapure water and dry it once more [2.5.2 – MED].
2.5.1. Probe as talent cleans it with acetone and dries with a paper towel.
2.5.2. Talent rinses the probe with ultrapure water.
2.6. Sonicate the mixture for 10 minutes in a pulsed mode with a 1 second pulse mediated by a 1 second delay time at 35% power [2.6.1 – MED-over the shoulder].  The vial gets very hot due to the heat generated during sonication [2.6.1 – CU].  Therefore, allow it to cool down to room temperature before taking it off the clamp [2.6.3 – MED].
2.6.1. Talent sonicates the mixture in pulsed mode with 1 second pulse mediated by 1 second delay time at 35% power.
2.6.2. Mixture as it is sonicated. (Comment: please use the sound of sonicator machine). 
2.6.3. Talent takes the cooled mixture off the clamp. 
2.7. Store the milky-formed dispersion at room temperature for at least 24 hours prior to further use.  This is to ensure its stability against phase separation [2.6.1 – MED-over the shoulder].
2.7.1. [combined with 2.6.3] Talent leaves the milky-formed dispersion at room temperature.
3. Preparation of dispersions of pure CNTs in water
3.1. CNT dispersions are clear for about 30 minutes, after which the CNTs start to settle at the bottom of the vial.  Ensure that the CNT particles are not settled at the bottom when preparing CNT stabilized lipid dispersions [3.1.1 – Title Card].
3.1.1. Title Card
3.2. In two separate beakers, weigh in 4 milligrams of powdered hydroxy-functionalized CNTs and carboxyl-functionalized CNTs, both of which are black in color [3.2.1 – MED-over the shoulder].
3.2.1. Talent weighs 4 milligrams of powdered hydroxy-functionalized CNTs and carboxyl-functionalized CNTs into 2 separate beakers.  Use labeled containers.
3.3. Add 500 milliliters of ultrapure water to each beaker [3.3.1 – CU].  Using a probe ultrasonicator, sonicate the mixtures for 2 minutes in a continuous pulse mode at 40% power [3.3.2 – MED-over the shoulder].  The resulting concentration of the multi-walled CNT dispersion is 8 micrograms per milliliter [3.3.3 – CU – TXT]. 
3.3.1. Beaker with CNTs as talent adds 500 mL of ultrapure water.
3.3.2. Talent uses a probe ultrasonicator to sonicate the mixtures at 40% power.  Continue action in next step.
3.3.3. Sample as it is sonicated.  TEXT Overlay: 8 µg/mL MWCNT stock solution
3.4. Dilute the multi-walled CNT stock solution with appropriate amounts of ultrapure water to achieve multi-walled CNT dispersions at several different concentrations [3.4.1 – MED-over the shoulder – TXT].  Sonicate these dispersions as before [3.4.2 – MED].  
3.4.1. Talent dilutes the multi-walled CNT stock solution with water.  Use labeled containers.  TEXT Overlay: 6.25, 5, 4, 2 µg/mL MWCNT.
3.4.2. Talent sonicates the dispersions. (Comment 1: Started with MED and did CU after; Comment 2: please use the sound of sonicator machine).
3.5. Similarly, disperse 3 milligrams of powdered single-walled CNTs, in 500 milliliters of ultrapure water to make a 6 microgram per milliliter single-walled CNT dispersion stock solution [3.5.1 – CU – TXT].
3.5.1. Talent disperses 3 milligrams of powdered single-walled CNTs in 500 mL of ultrapure water.  TEXT Overlay: 6 µg/mL SWCNT stock solution 
3.6. Dilute the single-walled CNT stock solution and sonicate as before to obtain single-walled CNT dispersions of various concentrations [3.6.1 – MED – TXT]. 
3.6.1. Talent dilutes the SWCNT to make dispersions of various concentrations. Use labeled containers.  TEXT Overlay:  0.5, 0.4, 0.3125, 0.2 µg/mL SWCNT
3.6.2. [Added] Sonication
4. Preparation of CNT-stabilized nanostructured lipid particles
4.1. Weigh 500 milligrams of the molten DU into a glass vial [4.1.1 – MED-over the shoulder].
4.1.1. Talent weighs 500 mg of the molten DU into a glass vial.
4.2. Then, add 9.5 milliliters of the 6 microgram per milliliter single-walled CNT dispersion to the vial [4.2.1 – CU].
4.2.1. Vial as talent adds 9.5 mL of the SWCNT there.  TEXT Overlay: 6 µg/mL SWCNT DU
4.3. Sonicate the CNT-DU mixture using the same parameters as used for making pure CNT dispersions [4.3.1 – MED].  Upon cooling to room temperature, the CNT-stabilized lipid particles with conserved internally self-assembled nanostructure will be ready [4.3.2 – CU].
4.3.1. Talent sonicates the CNT-DU mixture.
4.3.2. Vial of cooled CNT-stabilized lipid particles as talent displays to the camera.
4.4. In a similar way, prepare the lipid particles using the 0.4 micrograms per milliliter and 0.2 micrograms per milliliter single-walled CNT dispersions [4.4.1 – MED – TXT].
4.4.1. Talent adds SWCNTs to a vial containing molten DU.  Use labeled containers.  TEXT Overlay: 0.4 µg/mL and 0.2 µg/mL SWCNT DU 
4.5. Next, use this procedure to make lipid particles using hydroxy-functionalized CNTs and carboxyl-functionalized CNTs at several concentrations [4.5.1 – MED-over the shoulder – TXT]. 
4.5.1. Talent adds MWCNTs to a vial containing molten DU.  Use labeled containers.  TEXT Overlay (Editors, please use the semi-colon, not the commas, for a line break here): 8, 4 and 2 µg/mL MWCNT-OH DU; 8, 4 and 2 µg/mL MWCNT-COOH DU
4.6. Also, prepare three different CNT-PT dispersions using 4 micrograms per milliliter hydroxy-functionalized CNTs and carboxyl-functionalized CNTs as well as 0.4 micrograms per milliliter single-walled CNT dispersions [4.6.1 – CU – TXT].
4.6.1. 3 labeled containers as talent adds the CNTs to the PU in the vials. TEXT Overlay:  4 µg/mL MWCNT-OH PT, 4 µg/mL MWCNT-COOH PT, 0.4 µg/mL SWCNT PT
4.7. Sonicate the CNT-PT dispersions at 35% power for a longer time of 15 minutes in a continuous pulse mode [4.7.1 – MED].  Cool the dispersions to room temperature and leave them for 24 hours before characterizing them [4.7.2 – MED-over shoulder].
4.7.1. Talent sonicates the dispersions at 35% power.
4.7.2. [combined with 4.7.1] Talent leaves the dispersions at room temperature.
4.8. Monitor the stability of the dispersions by visual observation: check if the dispersions are destabilized or if lumps have formed in the dispersions [4.8.1 – CU].
4.8.1. One of the dispersions as talent inspects it.
4.9. Take photos at regular intervals with a digital camera [4.9.1 – MED].  For instance, take pictures of dispersions every day in the first week, then every other day for a week, followed by once a week for the next two weeks, and finally once a month as per requirement [4.9.2 – WIDE].
4.9.1. Talent lines the vial(s) up for photographing or picks up the camera and prepares to start photographing.
4.9.2. Talent takes pictures of the dispersions with a digital camera.
5. Detection of Lipid Nanostructures using Small-Angle X-ray Scattering (SAXS)
5.1. The small angle X-ray scattering technique is used to determine the lattice type of the inner nanostructure of the stabilized lipid particles [5.1.1 – Title Card].
5.1.1. Title Card.
5.2. Fill the sample in a 1 millimeter quartz capillary and seal it properly [5.2.1 – CU].  Then, place the capillary in a temperature controlled sample stage [5.2.2 – MED-over the shoulder].  Evacuate the sample chamber using a vacuum pump [5.2.3 – MED].
5.2.1. 1 mm quartz capillary as talent fills it with sample and seals it.
5.2.2. Talent places the capillary in a temperature controlled sample stage.
5.2.3. Talent evacuates the sample chamber using the vacuum pump.
5.3. Record the 1D scattering patterns with a micro-strip X-ray detector controlled by software [5.3.1 – MED-over the shoulder].
5.3.1. Talent pulls up the X-ray detector software.
5.4. After obtaining three profiles with an exposure time of 300 seconds, integrate these profiles, and proceed with analysis as described in the text protocol [5.4.1 – SCREEN/MED-over the shoulder].
5.4.1. SCREEN or MED-over the shoulder, depending on Authors’ decision. If SCREEN, *To be submitted by authors.  53489_Kulkarni_SCREEN_5.4.1 – Screen capture movie as talent integrates and averages the obtained profiles; If MED-over the shoulder, film talent at computer screen performing actions.
5.5. Index all recorded diffraction patterns with the space group Pn3m, in which the 110, 111, 200, 211, 220 and 221 reflections can be clearly noticed [5.5.1 – SCREEN/MED-over the shoulder].
5.5.1. SCREEN or MED-over the shoulder, depending on Authors’ decision. If SCREEN, *To be submitted by authors.  53489_Kulkarni_SCREEN_5.5.1 – Screen capture movie as talent indexes the recorded diffraction patterns in Pn3m; If MED-over the shoulder, film talent at computer screen performing actions.
(Note to Authors: If possible, provide screen captures of the actions performed in 5.4 and 5.5. If this is not possible, you can elect to have JoVE shoot these steps on the day of filming.) 
6. Results: Preparation and Characterization of CNT-stabilized nanostructured lipid particles 
6.1. Highly viscous lipid cubic phase is defragmented into particles using ultra-sonication [6.1.1 – LM]. Pristine single-walled or functionalized multi-walled CNTs [6.1.2 – LM] are used as stabilizers to produce oil-in-water emulsion exhibiting fluid consistency [6.1.3 – LM].
6.1.1. 53489_Kulkarni_Figure1.tif
6.1.2. 53489_Kulkarni_Figure1.tif.  Editors, please zoom into the left panel.
6.1.3. 53489_Kulkarni_Figure1.tif. Editors, staying zoomed in, please slide over to the right panel.
6.2. Optimal CNT to Lipid ratio is required to obtain homogeneous and stable emulsions. Emulsions with too little CNTs contain lipid lumps whereas emulsions with excess CNTs contain CNT-lipid lumps [6.2.1 – LM].
6.2.1. 53489_Kulkarni_Figure2.tif.  Authors, please provide a version of this figure without the a), b) and c) labels.
6.3. Small angle X-ray scattering patterns confirm that the Pn3m cubic phase, displayed also by bulk lipid – phytantriol in excess water, is retained in F127 stabilized emulsions, as well as in all CNT-stabilized emulsions [6.3.1 – LM].
6.3.1. 53489_Kulkarni_Figure3a.tif.  Authors, please provide a version of this figure without the a) label.
6.4. Static light scattering studies demonstrate that the size distribution of cubosomes stabilized by F127 is comparable with the size distribution of CNT-stabilized cubosomes and the average particle size lies in the submicron range [6.4.1 – LM].
6.4.1. 53489_Kulkarni_Figure3b.tif.  Authors, please provide a version of this figure without the a) label.
6.5. Characteristic G prime and G double prime bands for CNTs observed in Raman spectra show blue shifts for CNT-stabilized lipid particles [6.5.1 – LM].  

6.5.1. 53489_Kulkarni_Figure4a-c.tif.  Authors, please provide a version of this figure without the a), b) or c) labels.
6.6. This demonstrates possible coating of CNTs by lipid molecules as represented by this schematic diagram [6.6.1 – LM].

6.6.1. 53489_Kulkarni_Figure4d.tif.  Authors, please provide a version of this figure without the d) label.
7. Conclusion (said by authors on camera)

7.1. Michael Rappolt: After watching this video, you should have a good understanding of how to prepare CNT-lipid hybrid particles as has been demonstrated in a few easy steps [7.1.1 – MED].
7.1.1. Michael speaks toward the camera, interview style.
7.2. Chandrashekhar V Kulkarni: These nanostructured lipid particles enable loading of functional molecules within the lipid self-assembly as well as on the CNT surface, which paves the way for exploring hybrid nanomaterials in combination therapies against major diseases [7.2.1 – MED].

7.2.1. Chandrashekhar speaks toward the 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.
53489_Kulkarni_Figure1.tif 
53489_Kulkarni_Figure2.tif.  Authors, please provide a version of this figure without the a), b) and c) labels.
53489_Kulkarni_Figure3a.tif.  Authors, please provide a version of this figure without the a) label.
53489_Kulkarni_Figure3b.tif.  Authors, please provide a version of this figure without the a) label.
53489_Kulkarni_Figure4a-c.tif.  Authors, please provide a version of this figure without the a), b) or c) labels.
53489_Kulkarni_Figure4d.tif.  Authors, please provide a version of this figure without the d) label.
SCREEN Capture Movies

53489_Kulkarni_SCREEN_5.4.1 – Screen capture movie as talent integrates and averages the obtained profiles. (Comment: This step was shot, properly)
53489_Kulkarni_SCREEN_5.5.1 – Screen capture movie as talent indexes the recorded diffraction patterns in Pn3m (Comment: This step was shot, properly)
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 are included in the email accompanying the finalized script.
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