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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 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___Steps 2.7, 2.14, 3.5, 4.1-4.2_______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___Swift injection of precursor in step 2.7.  Care must be taken to inject entire volume of syringe as fast as possible to ensure homogeneous particles.  Technique must be practiced.__________________

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 prepare fluorescent quantum dots with optimized brightness and stability, as well as minimized size and nonspecific binding, for use in single molecule imaging. (Intro)

This is accomplished by first preparing small cadmium selenide quantum dot cores. (P1)
Editors, please use figure 1_1.ai for the schematic.  Sequentially walk through the figure, including all text except the (a) and (b) labels.
For P1, please sequentially show the first figure, first arrow, and second figure (at top of figure (a)).  

The second step is to alloy these cores with mercury to shift their fluorescence into the red spectrum and increase their brightness. (P2)
For P2, continue this animation and please sequentially show the second arrow and the third figure (at top of figure (a)).  

Next, a thin alloyed shell is grown on the nanocrystals to stabilize their fluorescence emission. (P3)
Editors, continue this animation and please sequentially show the third arrow and fourth figure (at top of figure (a)). 

The final step is to transfer these particles from organic solvents to aqueous buffers using a multidentate polymer which can be modified with biologically inert polyethylene glycol. (P4)
Editors, continue this animation on the bottom of figure (b), please sequentially show the first figure, first arrow, and second figure and then the second arrow and final figure. 

Ultimately, fluorescence spectrophotometry, gel chromatography, and gel electrophoresis are used to show that these particles have bright fluorescence, a compact hydrodynamic size and neutral electrostatic charge; attributes well suited for single molecule fluorescence imaging in biology. (P5)
Editors, please show figure 2 and then figure 4 for this point.

[image: Macintosh HD:Users:Andrew:Desktop:JoVE:Figure 1.jpg]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Andrew Smith: The main advantage of these quantum dots over existing commercial materials is that these nanoparticles have a substantially smaller hydrodynamic size.   Although smaller quantum dots are negatively impacted by fluorescence in the blue spectrum and decreased fluorescence intensity and stability, we have offset these effects through a mercury cation exchange process.
1.1.1. MED:  Andrew speaks toward camera.
1.2. Shuming Nie: These nanocrystals can help answer key questions in biophysics and cellular signaling by enabling dynamic imaging of single biomolecules in crowded biological environments.  
1.2.1. MED:  Shuming speaks toward camera.

Protocol (read by voice talent at JoVE):
2. Synthesis of mercury cadmium selenide (HgxCd1-xSe) quantum dot cores
2.1. To begin, prepare a 0.4 Molar solution of selenium in TOP (pronounced “top”) by adding selenium to a 50 mL 3-necked flask and filling with argon using a Schlenk line.  Under air-free conditions, add 10 mL of TOP and heat to 100°C while stirring for 1 hour to yield a clear, colorless solution.  Cool the solution to room temperature and set the flask aside.
2.1.1. MED:  Talent adds 0.316 g of selenium to a 50 mL 3-necked flask and fills with argon using a Schlenk line.  TEXT overlay:  0.316 g This step was split into 3 separate shots.
2.1.1a Talent adds 0.316 g of selenium to a 50 mL 3-necked flask. TEXT overlay:  0.316 g
2.1.1b Talent evacuates the flask using the vacuum line of the Schlenk line
2.1.1c Talent fills the flask with argon using the Schlenk line
2.1.2. CU:  Flask as the talent transfers 10 mL TOP and turns on the heat and stir bar.  TEXT overlay:  TOP:  trioctylphosphine.  TEXT overlay:  Stir 1hr at 100°C
2.1.3. CU:  Flask with heated liquid stirring after it has turned to a clear colorless solution.  Editors, please fade into this shot from previous shot.
2.1.4. MED-over the shoulder:  Talent sets the cooled solution aside.
2.2. Also prepare a solution of cadmium oxide, TDPA, and ODE in a 250 mL 3-necked flask using the quantities listed in the written protocol accompanying this video.  Evacuate the solution using a Schlenk line while stirring.  Increase the temperature to 100°C and evacuate for an additional 15 minutes to remove low-boiling point impurities.
2.2.1. MED:  Talent adds cadmium oxide, tetradecylphosphonic acid and octadecene from labeled containers to a 250 mL 3-necked flask.  TEXT overlay:  cadmium oxide, TDPA: tetradecylphosphonic acid, ODE: octadecene 
2.2.2. Use shot 2.1.1b TEXT overlay: Heat to 100°C. CU:  Apparatus as talent evacuates the solution using a Schlenk line while stirring
2.2.3. MED-over the shoulder:  Apparatus as talent turns on heat and evacuates the line again.  
2.3. Under argon gas, heat the mixture to 300°C for 1 hour to fully dissolve the cadmium oxide.  The solution will change from a reddish color to clear and colorless.  Cool the solution to room temperature.
2.3.1. CU:  Flask as with reddish liquid as it is heated under Argon gas.  TEXT overlay:  Heat 1hr at 300°C under Ar or N2 gas
2.3.2. CU:  Same shot of flask after 1 hour with clear and colorless solution.  Editors, please fade into this shot from previous shot.
2.3.3. MED-over the shoulder:  Talent removes the flask from the heat and leaves to cool to room temperature.
2.4. Next, add HDA to the cadmium solution, heat to 70°C, and evacuate.  Once a constant pressure is attained, increase the temperature and reflux the solution for 30 minutes.  Switch the Schlenk line valve to inert gas and insert the thermocouple directly into the solution. 
2.4.1. MED:  Talent adds hexadecylamine from labeled container to the cadmium solution and evacuates. TEXT overlay (as narrated):  “7.0 g HDA:  hexadecylamine. Heat to 70°C” 
2.4.2. CU:  Apparatus as the solution begins to reflux.  TEXT overlay:  Reflux 100-110°C for 30 min
2.4.3. MED-over the shoulder:  Talent switches the Schlenk line valve to inert gas and inserts the thermocouple directly into the solution. 
2.5. Under air-free conditions, add DPP to the cadmium solution and increase the temperature to 310°C.  Then, remove 7.5 mL of the 0.4 Molar TOP- selenium solution in a disposable plastic syringe attached to a 16 gauge needle.
2.5.1. MED:  Talent adds diphenylphosphine from labeled container to the solution and turns temperature up.  TEXT overlay:  “100 μL DPP:  diphenylphosphine. Heat to 310°C.”
2.5.2. CU:  Disposable plastic syringe as talent uses it to remove 7.5 mL of the 0.4 M TOP-Se solution.  TEXT overlay:  3 mmol selenium
2.6. Talent:  The most difficult step of this procedure is injection of the entire volume of syringe into the cadmium solution as fast as possible to ensure homogeneous particles.  In order to ensure success the technique must be practiced.
2.6.1. MED:  Talent looks up from workspace and speaks toward camera.
2.7. Now, use a disposable plastic syringe attached to a 16 gauge needle to remove 7.5 mL of the 0.4 Molar TOP- selenium solution. Once the temperature equilibrates to 310°C, set the temperature controller to 0°C and swiftly inject the TOP-Selenium solution directly into the cadmium solution.  The solution will change from colorless to yellow-orange and the temperature will quickly drop and increase again to approximately 280°C.
2.7.0. Disposable plastic syringe as talent uses it to remove 7.5 mL of the 0.4 M TOP-Se solution. TEXT overlap: 3 mmol selenium. (formerly step 2.5.2)		
2.7.1. MED-over the shoulder:  Talent sets the temperature controller to 0°C.
2.7.2. CU:  Apparatus showing the flask and the temperature display as talent swiftly injects the TOP-Se solution directly into the cadmium solution, the solution changes from colorless to yellow-orange, and the temperature drops and then increases to ~280°C.
2.8. After 1 minute of reaction, remove the flask from the heating mantle and quickly cool with a stream of air until the temperature is less than 200°C.
2.8.1. MED-over the shoulder:  Talent removes the flask from the heating mantel and cools with a stream of air.  
2.9. When the temperature reaches approximately 40°C, dilute with 30 mL of hexane; most of the remaining cadmium precursor will settle out of solution.  Remove this precipitate by centrifugation.
2.9.1. MED:  Talent pipettes 30 mL hexane into the flask and cadmium precursor precipitates.
2.9.2. MED-over the shoulder:  Talent places the solution in the appropriate container into the centrifuge.  TEXT overlay:  5000 g, 10 minutes. mis-slated as 2.9.1
2.10. In each of six 50 mL polypropylene conical centrifuge tubes, dilute 12 mL of the resulting crude nanocrystal solution with 40 mL of acetone.  Following centrifugation with the same parameters, carefully decant and discard the supernatant.  
2.10.1. MED-over the shoulder:  6-50ml polypropylene tubes with 12 mL of the crude nanocrystal solution as talent pipettes 40 mL acetone into each tube.
2.10.2. CU:  A centrifuged conical tube as talent carefully decants the supernatant.
2.11. Next, dissolve the nanocrystal pellets in hexane.  Extract this solution with an equal volume of methanol, retaining the top phase. Repeat this extraction twice more. [Author’s Note: Combine narration with narration from 2.12]
2.11.1. MED:  Talent pipettes hexane over the pellets.  TEXT overlay:  25 mL total volume  
2.11.2. CU:  Conical tubes as talent pipettes methanol in and retains the top phase the solution. Talent shakes the vial to mix.
2.11.3. Top phase is retained as talent pipettes the solution. [Video Editor: The authors had crossed out the 2.12 voiceover, but their note above says to combine the 2.11 VO with the 2.12 VO. What this probably means is that the 2.12 VO can be started while 2.11.2 or 2.11.3 are on the screen, as needed.]
2.12. For the third extraction, the volume of methanol may be adjusted to approximately 15 mL to obtain a concentrated hexane solution of pure cadmium selenide quantum dots at roughly 200 μM.  The typical yield of this reaction is 3 μmol cadmium selenide nanocrystals with a diameter of 2.3 nm.
2.12.1. MED-over the shoulder:  Talent pipettes 15 mL of hexane into the tubes for the 3rd extraction.  Show the pure solution resulting from step 2.11.
2.12.2. CU:  Conical tubes as talent retains the top layers from the tubes.
2.13. Determine the nanocrystal diameter and concentration by measuring the ultraviolet-visible absorption spectrum as described in the written procedure.
2.13.1. MED-over the shoulder/MED/WIDE:  Multiple takes as talent measures the UV-Vis absorption spectrum of the nanocrystals.  Use MED-over the shoulder here.  MED and WIDE shots will be re-used 3x.
2.14. The nanocrystals may be partially exchanged with mercury to red-shift the absorption and fluorescence emission.  To do this, in a 20 mL glass vial with stirbar, mix hexane and chloroform.  Then add the cadmium selenide quantum dot solution; OLA; and mercury octanethiolate.  
2.14.1. MED:  In a 20 mL glass vial with stirbar, talent adds 3 mL hexane and 2 mL chloroform and cadmium selenide quantum dot solution and oleylamine.  Continue action in next shot.  TEXT overlay (flash each on screen as narrated):  3 mL hexane, 2 mL chloroform, 1mL 200 μM CdSe QD soln., 15 μL OLA: oleylamine
2.14.2. CU:  20 mL glass vial as talent adds 0.1 M solution of Hg(OT)2 in chloroform.  TEXT overlay: 500 μL of 0.1 M Hg(OT)2 in chloroform 
2.15. After purifying the nanocrystals and determining their concentration as described in the written procedure, allow the nanocrystals to age for at least 24 hours at room temperature.
2.15.1. MED-over the shoulder:  Talent leaves the nanocrystals to age at room temperature.
3. Growth of cadmium zinc sulfide (CdyZn1-yS) shell 
3.1. For shell growth, prepare 0.1 Molar shell precursor solutions in 50 mL 3-necked flasks.  Under vacuum, heat solutions of cadmium precursor, zinc precursor, and sulfur precursor to reflux for 1 hour to yield clear solutions.  Then, charge with argon.
3.1.1. MED-over the shoulder:  Talent sets up the 50 ml 3-necked flask of cadmium precursor, zinc precursor, and sulfur precursor up to heat under vacuum.  TEXT overlay:  see text for recipe
3.1.2. CU: solutions after an hour as talent charges with argon.
3.2. To a 3-necked flask, add the prepared mercury cadmium selenide quantum dots; ODE; and TOPO.
3.2.1. MED-over the shoulder:  3-necked flask as talent adds quantum dots, ODE, and trioctylphosphine oxide to it.  TEXT overlay (flash on screen as narrated): 120 nmol, 2.3 nm diameter QDs, 2 mL ODE, 250 mg TOPO: trioctylphosphine oxide 
3.3. Evacuate off the hexane at room temperature using the Schlenk line.  Increase the temperature to 100°C and reflux for 15 minutes.  Change the Schlenk line valve to argon gas and insert the thermocouple in the nanocrystal solution.
3.3.1. MED-over the shoulder:  Talent uses the Schlenk line to evaporate the hexane.
3.3.2. CU:  3-necked flask/apparatus as it refuxes.
3.3.3. MED-over the shoulder or MED:  Talent changes the Schlenk line valve to argon gas and inserts the thermocouple in the nanocrystal solution.
3.4. After increasing the temperature to 120°C, add 0.5 monolayers, or 140 μL of sulfur precursor solution, and allow the reaction to proceed for 15 minutes.  
3.4.1. CU:  Flask as talent adds 140 μL of sulfur precursor solution.  TEXT overlay: 0.5 monolayers of sulfur precursor solution (140 μL).  Followed by the TEXT overlay:  Allow reaction to proceed for 15 min.  
3.5. Increase the temperature to 140°C, add 0.5 monolayers, or 140 μL of cadmium precursor solution, and allow the reaction to proceed for 15 minutes.  Then add 500 μL anhydrous OLA to the reaction solution.
3.5.1. MED:  Talent increases the temperature to 140°C, and adds 140 μL of cadmium precursor solution.  TEXT overlay: 0.5 monolayers of cadmium precursor solution (140 μL).  Followed by the TEXT overlay:  Allow reaction to proceed for 15 min.
3.5.2. CU:  Flask as talent adds 500 μL anhydrous OLA to the reaction solution.  
3.6. At 160°C add 0.5 monolayers, or 220 μL, of sulfur precursor solution followed by an equal quantity of zinc precursor solution at 170°C with 15 minutes between each addition.  Then at 180°C add 0.25 monolayers, or 150 μL, of sulfur precursor solution and zinc precursor solution in 15 minute intervals.
3.6.1. JoVE MEDIA:  Editors, this step will bring the core to the point represented by the final illustration in row (a) of the schematic figure (figure 1_1.ai).  Using image as a guide, please animate the addition of the monolayers as the thickening of the red shell around the yellow circle.  Note that at the beginning of this animation, the yellow core has some red shell around it already from steps 3.4 and 3.5 and should be represented as an image with about 1/3 of the shell present.  Please animate the addition of 2 layers of red shell (to represent the 0.5 monolayers or sulfur and zinc) and then the addition of 2 thinner layers of red shell (to represent the 0.25 monolayers of sulfur and zinc).  The final figure should be what is represented in the 3rd figure of line (a) of the schematic.  Also, try to correlate the animation and following text as best as possible with narration.  Flash the each text overlay as animated.  TEXT overlay: 160°C: 0.5 monolayers of sulfur precursor solution (220 μL), Allow reaction to proceed for 15 min.  TEXT overlay:  170°C: 0.5 monolayers of zinc precursor solution (220 μL), Allow reaction to proceed for 15 min.  TEXT overlay: 180°C: 0.25 monolayers of sulfur precursor solution (150 μL), Allow reaction to proceed for 15 min.  TEXT overlay:  180°C, 0.25 monolayers of zinc precursor solution (150 μL), Allow reaction to proceed for 15 min.  
3.7. Cool the solution to room temperature and calculate a new extinction coefficient for these particles using a UV-Vis spectrum, assuming that the number of nanocrystals has not changed.  
3.7.1. Shot 2.13.1 – Talent measures UV-VIS spectrum at the spectrophotometer.  TEXT overlay:  120 nmol in 3.8 mL reaction solution
3.8. Store the reaction solution as a crude mixture in a freezer.  At this stage, the nanocrystals may be characterized using electron microscopy, UV-Vis absorption spectroscopy, and fluorescence spectroscopy.  
3.8.1. MED-over the shoulder or WIDE:  Talent places the crude mixture into the freezer for storage.
4. Phase transfer 
4.1. Add purified core/shell prepared core mercury cadmium selenide, shell cadmium zinc sulfide quantum dots to a 50 mL 3-necked flask and remove the hexane under a high vacuum to yield a dry film.
4.1.1. MED-over the shoulder:  50-mL 3-necked flask as talent adds the purified QDs to it.  TEXT overlay:  5 mL, 20 μM
4.1.2. CU:  Flask as the hexane is removed under high vacuum capturing the dry film.  
4.2. Fill the flask with argon, add anhydrous pyridine to the nanoparticle film and heat the slurry to 80°C.  Over the course of 1-2 hours the nanoparticles will fully dissolve.
4.2.1. MED:  Talent fills the flask with argon and adds 3mL of anhydrous pyridine and turns up heat.  TEXT overlay:  3mL of anhydrous pyridine
4.2.2. CU:  Flask after 1-2 hours showing that the nanoparticles are fully dissolved.
4.3. Add 1 mL of 1-thioglycerol to the solution and stir at 80°C for 2 hours.  After cooling the solution to room temperature, add 0.5 mL of triethylamine to deprotonate the thioglycerol and stir for 30 minutes.  The solution may become cloudy after the addition of triethylamine due to the poor solubility of polar nanocrystals in this solvent mixture.
4.3.1. MED-over the shoulder:  Talent adds 1 mL of 1-thioglycerol to the solution and stirs at 80°C.
4.3.2. CU:  Flask as talent adds 0.5 mL of triethylamine to the solution and stirs.
4.4. Transfer the quantum dot solution into a 50 mL conical centrifuge tube containing a mixture of 20 mL hexane and 20 mL acetone, and mix well.  Isolate the precipitated nanocrystals via centrifugation, followed by pellet wash with acetone.
4.4.1. MED:  Talent transfers the QD solution into a 50 mL conical centrifuge tube containing 20 mL hexane and 20 mL acetone and mixes.
4.4.2. MED or WIDE:  Talent places the tube into the centrifuge and starts run.    TEXT overlay:  5000 g, 10 minutes
4.5. Dissolve the quantum dot pellet in 5 mL of DMSO with bath sonication and follow with centrifugation to remove possible aggregates.  Then determine the nanoparticle concentration from a UV-Vis absorption spectrum.  This solution of pure quantum dots should be used within 3 hours, as the surface thiols can slowly oxidize under ambient conditions in air.
4.5.1. CU:  Centrifuge tube as talent adds in 5 mL of DMSO and places in the sonicator bath.  TEXT overlay (toward end of shot):  follow with centrifugation, 7000 g, 10 minutes
4.5.2. Shot 2.13.1 – Talent measures UV-VIS spectrum at the spectrophotometer
4.6. Dilute the quantum dot solution to 10 μM or less with DMSO and transfer to a 50 mL flask.  Add a prepared 5 mg/mL solution of thiolated polyacrylic acid in DMSO dropwise to the quantum dot solution while stirring and degas the solution at room temperature for 5 minutes. 
4.6.1. MED-over the shoulder:  Talent transfers the diluted quantum dot solution to a 50 ml flask.
4.6.2. CU:  50 mL flask as talent adds the polymer solution dropwise to the QD solution while stirring.  TEXT overlay:  see Appendix for synthesis, 0.15 mg polymer per nmol quantum dots
4.7. Purge the quantum dot/polymer solution with argon and heat to 80°C for 90 minutes.  After cooling the solution to room temperature, add an equal volume of 50 mM sodium borate, pH 8 dropwise and stir for 10 minutes.
4.7.1. MED-over the shoulder:  Talent purges the solution with argon and turns on heat to 80°C.
4.7.2. CU:  Solution as talent adds the sodium borate dropwise from labeled container and stirs mixture.
4.8. Purify the quantum dots as described in the written procedure and determine the concentration from a UV-Vis absorption spectrum.
4.8.1. Shot 2.13.1 – Talent measures UV-VIS spectrum at the spectrophotometer
5. PEG coating
5.1. In a 4 mL glass vial with stirbar, mix 1 nmol quantum dots in borate buffer with a 40,000 x molar excess of 750 Dalton monoamino-polyethylene glycol.  Instructions can be found in the written procedure on how to add a specific chemical functionality to the nanocrystals.  
5.1.1. MED:  In a 4 mL glass vial with stirbar, talent mixes quantum dots in borate buffer with 750 Da monoamino-polyethylene glycol.  TEXT overlay:  30 mg PEG-NH2, 40 μmol  
5.2. Dilute the nanocrystal solution to 1 μM with borate buffer.  This reaction may be scaled as desired.
5.2.1. MED-over the shoulder:  Talent dilutes the nanocrystal solution with borate buffer.
5.3. Quickly add a 25,000 x molar excess of a freshly prepared solution of the activating agent solution to the quantum dot solution and stir at room temperature for 30 minutes.
5.3.1. CU/MED:  Multiple takes as talent adds DMTMM to the solution and stirs.  Shot will be reused once.  TEXT overlay:  50 μL DMTMM, see text for recipe
5.4. Repeat this step four more times to saturate the nanocrystal surface with PEG.  Finally, add 200 μL 1 M Tris buffer to quench the reaction before purifying the nanocrystals using dialysis, centrifugal filters, or ultracentrifugation.
5.4.1. Shot 5.3.1.  Talent adds DMTMM to the solution.  TEXT overlay:  Repeat 4x
5.4.2. MED-over the shoulder:  Talent adds 200 μL 1 M Tris buffer to quench the reaction.
5.5. Talent:  The resulting nanocrystals may be analyzed for monodispersity, hydrodynamic size, and surface charge using liquid chromatography, agarose gel electrophoresis, and fluorescence microscopy.   
5.5.1. MED:  Talent looks up from workspace and speaks toward camera.
6. Results: Quantum Dot Characterization
Authors, some of the results points were shortened as we do not to exceed ~3 lines of text for each figure to avoid a static video.  The written protocol, however, should include all of the details removed from the video.
6.1. Shown here is a representative absorption and fluorescence spectra for cadmium selenide nanocrystals; mercury cadmium selenide nanocrystals after cation exchange; and core mercury cadmium selenide, shell cadmium zinc sulfide nanocrystals after shell growth.  
6.1.1. LAB MEDIA:  Figure 2A.  Editors, please highlight CdSe as “cadmium selenide nanocrystals” is narrated.  Then highlight HgxCd1-xSe as “mercury cadmium selenide nanocrystals after cation exchange” is narration.  Finally highlight HgxCd1-xSe/CdyZn1-yS as “core mercury cadmium selenide, shell cadmium zinc sulfide nanocystals after shell growth” is narrated.
6.2. The core cadmium selenide nanocrystals have a quantum yield of fluorescence near 15%.  However, this efficiency drops to less than 1% after mercury exchange, likely due to charge carrier traps introduced through surface atom disruption.  
6.2.1. LAB MEDIA:  Figure 2A.  Editors, please trace-highlight the bottom red line labeled CdSe.  Then trace-highlight the middle flat red line during the second sentence.
6.3. Growth of a thin shell of cadmium zinc sulfide boosts this efficiency to more than 70%, which is largely maintained after transfer to water.  In contrast, core cadmium sulfide, shell cadmium zinc sulfide nanocrystals without mercury incorporation lose a substantial fraction of their quantum yield in water unless a thick shell is grown.  
6.3.1. LAB MEDIA:  Figure 2A.  Editors, please trace-highlight the top red line labeled HgxCd1-xSe/CdyZn1-yS as the first sentence is narrated.
6.4. It is important to note that capping with cadmium zinc sulfide shifts the spectra to the red due to leakage of the electronic charge carriers into the shell material; this shift is around 20-30 nm for core cadmium cores, and increases with increasing mercury content in the core.
6.4.1. LAB MEDIA:  Figure 2B
6.5. Thus by incorporating mercury into the core nanocrystal, the small size of the nanocrystal can be maintained without sacrificing brightness.  The small size is demonstrated in this transmission electron micrograph and particle size distribution of core mercury cadmium selenide, shell cadmium zinc sulfide nanocrystals, showing an average diameter of 3.2 plus or minus 0.6 nm.
6.5.1. LAB MEDIA:  Figure 3
6.6. The use of a 2-step phase transfer to water is critical for obtaining a homogeneous population of nanocrystals that do not require further size sorting to remove clusters and aggregates.  The size-exclusion chromatogram depicted here confirms that the size is similar to that of conalbumin at 75Kda, and after modification with 750 Da amino-PEG, the size is increased to just 12 nm, similar to that of an IgG antibody.
6.6.1. LAB MEDIA:  Figure 4A.  Editors, during the first half of the sentence please trace-highlight the red line and try to correlate highlighting of the highest peak to narration of “similar to that of conalbumin at 75Kda.”  Then trace-highlight the blue line during the second half of the sentence, trying to correlate highlighting of the peak to “12nm.” 
6.7. PEG modification neutralizes the surface charge, as confirmed in the agarose gel electrophoresis experiment depicted here.  The well is marked with an arrow, and electrode polarities are indicated on the right, showing that before conjugation the nanocrystals migrate as anionic particles, and that the PEGylated nanocrystals are electrostatically neutral.  
6.7.1. LAB MEDIA:  Figure 4B.  Editors, please highlight the red band in the left lane as “before conjugation the nanocystals migrate as anionic particles” is narrated and the band in the right lane as “the PEGylated nanocrystals are electrostatically neutral” is narrated.
6.8. Shown here is an epifluorescence micrograph of these nanocrystals deposited on a glass coverslip and excited with 545 nm visible light.  These nanocrystals are readily observed at the single-molecule level at 30 frames per second with an electron-multiplying CCD camera.
6.8.1. LAB MEDIA:  Figure 5A.
6.9. This plot show that the number of fluorescent particles observed in each frame fluctuates over time with continuous excitation; this is due to a combination of blinking and photodegradation.  Blinking dominates for the first 7 minutes before oxidative photodegradation slowly becomes apparent.
6.9.1. LAB MEDIA:  Figure 5B.

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



7. Conclusion (said by authors on camera)
7.1. Shuming Nie: After watching this video, you should have a good understanding of how to chemically synthesize quantum dots, how to transfer them to aqueous buffers, and how to modify them for bioimaging applications.
7.1.1. MED:  Shuming speaks toward camera.
7.2. Andrew Smith: Don't forget that working with reagents containing cadmium or mercury can be extremely hazardous and precautions such as careful transfer using syringes and keeping vials sealed when not in use should always be taken while performing this procedure.   
7.2.1. MED:  Andrew speaks toward camera.
       

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.

Figure 1_1.ai

Figure 2A.ai – Authors, please provide as a separate figure and remove the (a) label for video.  Also, please change HgxCd1-xSe/CdyZn1-ySe to HgxCd1-xSe/CdyZn1-yS in the top spectrum.

Figure 2B.ai – Authors, please provide as a separate figure and remove the (b) label for video.  

Figure 3.ai – Authors, please remove the (a) and (b) label for video.  

Figure 4A.ai – Authors, please provide as a separate figure and remove the (a) label for video.  

Figure 4B.ai – Authors, please provide as a separate figure and remove the (b) label for video.  

Figure 5A.ai – Authors, please provide as a separate figure and remove the (a) label for video.  

Figure 5B.ai – Authors, please provide as a separate figure and remove the (b) label for video.  


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.
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