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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 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.2; 2.3; 3.1; 3.3; 4.4; and 4.5___
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 using the step numbers listed in this document. (Please do not list entire sections.) __During step 2.2 and 2.3 the gold chloride solution and sodium thiocyanate solutions, respectively, should to be added rapidly to other reactants.  To ensure success, when larger volumes of gold chloride and sodium thiocyanate need to be added, they are added using wide mouth dispensers. 
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_ If yes, how far apart are the locations?_Less than 20 meters_

1. Introduction (Experimental Goal and Author Interviews)
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to produce oligomeric clusters of gold nanoparticles, which are highly stable, easily derivatized, and have well-controlled diameters, via the reduction of chloroauric acid with sodium thiocyanate. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)
1.1. Oliver Smithies: The nanoparticles produced by this method can be applied to a broad range of biological assays, but are particularly useful for studies on the permeability of basal membranes and blood barriers.
1.2. Tilen Koklic: The main advantage of this method is that it allows well controlled synthesis of high quality gold oligoclusters under bench-top conditions and is easily performed with standard lab equipment and a limited number of reagents.
1.2.1. LABMEDIA: Use video file TK.avi
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Oliver Smithies: Demonstrating the procedure will be graduate student Anže Testen and undergraduate Julian Willett, from my laboratory.

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Delay-time Synthesis and Add-on Growth of Gold Oligoclusters
2.1. After preparing all necessary solutions as indicated in the text protocol, begin delay time synthesis of gold oligoclusters by adding 7 ml of the borax solution to a clean 125 ml glass bottle containing 59.5 ml of water, under stirring. 
Authors: Please have all solutions prepared ahead and clearly labeled
2.1.1. MED: Talent walks to the fume hood and inspects the prepared solutions next to a glass bottle and stirrer; TEXT: See text protocol for solution composition.
[Comment: procedure performed at bench as no volatile or dangerous chemicals are used, this is also one of the advantages of this procedure]
2.1.2. CU: Talent pours the borax solution into the glass bottle containing water and a stir bar while stirring. then places it on the stirrer
2.2. Next, add 2.8 ml of the gold chloride solution to the bottle, which begins the delay-time that determines the size of the oligoclusters.
2.2.1. CU: Talent pours the gold chloride solution rapidly into the bottle
2.2.2. MED: Talent starts a timer
2.3. Add 700 µl of the sodium thiocyanate solution to the bottle at the end of the delay period. Continue stirring it overnight to complete synthesis of the oligoclusters.
2.3.1. CU: Talent stops the timer, then rapidly adds the sodium thiocyanate solution to the bottle, TEXT: 1200 rpm, 30 sec.
2.3.2. MED: Talent checks the stirring bottle and leaves the vicinity of the bench fume hood
2.4. Anze Testen: While attempting this procedure it is important to rapidly add the gold chloride and sodium thiocyanate solutions to the other reactants. Add larger volumes of these solutions using wide-mouth dispensers.

2.4.1. MED: Interview style

2.5. For add-on growth, combine 10 ml of the gold oligoclusters with 60 ml of the hydroxylated gold chloride solution.
2.5.1. MED: Talent measures out the gold oligoclusters and combines them with the hydroxylated gold chloride and borax solution in a flask, TEXT: 10 mM borax and 1 mM gold chloride, prepared 1 day ahead
2.6. Next, add 900 µl of the sodium thiocyanate solution with vigorous stirring. Allow the mixture to stir overnight until the reaction is complete.

2.6.1. CU: Talent stirs solution and adds the sodium thiocyanate solution, TEXT: 1200 rpm, 30 sec
3. Derivatization of the Concentrated Oligoclusters with Reduced Glutathione
3.1. Prior to derivatization, add 70 ml of the crude oligoclusters to a 30 kDa cutoff centrifugal filter, and spin for 15 minutes at 3000 x g.
3.1.1. MED over the shoulder: Talent adds the crude oligoclusters to the filter

3.1.2. MED: Talent transfers the filter to a centrifuge and starts it, make sure centrifuge settings are visible.
3.2. Recover the retentate by inverting the filter… and centrifuging for 3 minutes at 500 x g. Then measure the recovered volume with a micropipette.
3.2.1. MED: Talent inverts the filter in a new tube, and replaces it back into the centrifuge
3.2.2. ECU: Talent recovers the retentate with a micropipette focusing on the level of the liquid in the pipette TEXT: Concentrates to ~250 µl
3.3. Next, add a volume of GSH equal to 1/9th of the recovered volume of the oligoclusters. Allow the reaction to sit at room temperature for no more than 10 minutes.
3.3.1. MED: Talent adds GSH solution to the tube, TEXT: GSH: Reduced glutathione.

3.3.2. MED: Talent places the tube aside on the bench and starts a timer, TEXT: Longer reaction times may dissolve the particles.
3.4. Dilute the derivatized oligoclusters into 50 ml of Dulbecco’s phosphate buffered saline to halt the reaction.
3.4.1. MED: Talent adds the contents to phosphate buffered saline
3.5. Then apply the derivatized oligoclusters to a 30 kDa cutoff centrifugal filter, and spin for 15 minutes at 3000 x g.

3.5.1. CU: Talent adds the flask contents to the filter
3.5.2. MED – over the shoulder: Talent transfers the filter to the centrifuge, make sure to capture centrifuge settings.
3.6. Finally, recover the retentate by inverting the filter… and spinning for 3 minutes at 500 x g. Store the glutathione derivatized oligoclusters at 4 °C.
3.6.1. MED: Talent inverts the filter in a new tube, and replaces it back into the centrifuge, focus on the centrifuge settings
3.6.2. MED: Talent stores the clusters in the refrigerator
4. Gel Electrophoresis and Transmission Electron Microscopy of Oligoclusters
4.1. To analyze the crude oligoclusters by gel electrophoresis, mix them at a ratio of 2:1 with loading buffer.
4.1.1. MED: Talent adds crude oligoclusters loading buffer to a tube of loading buffer crude oligoclusters, TEXT: 60% glycerol, 0.15% bromophenol blue in 150 mmolal GSH.
4.2. Then load 30 µl of the oligoclusters onto a precast polyacrylamide gradient gel. Run the gel with tris-glycine buffer for 26 min at 200 V.
4.2.1. CU: Talent loads the oligocluster mixture onto the gel with a pipette.

4.2.2.  MED: Talent connects the cables and starts the voltage, TEXT: 25 mM Tris, 192 mM glycine.
4.3. For gel electrophoresis of derivatized oligoclusters, first dilute them at a ratio of 1:3 with water. Next, dilute the clusters further at a ratio of 2:1 with loading buffer.
4.3.1. MED: Talent dilutes oligoclusters in water.
4.3.2. CU: Talent dilutes the clusters with loading buffer.
4.4. Load 10 µl of the oligocluster mixture onto a precast polyacrylamide gradient gel, and then run the gel with tris-glycine buffer for 26 min at 200 V.
4.4.1. MED: Talent loads the oligocluster mixture onto the gel with a pipette, c
4.4.2. CU: Talent connects the cables and starts the voltage.
4.5. To analyze by transmission electron microscopy, wash 20 µl of concentrated oligoclusters with 0.5 ml of water and load them onto a 0.5 ml 30 kDa cutoff centrifugal filter. Spin at 14,000 x g for 10 minutes.
4.5.1. CU: Talent adds water to oligoclusters to water in and loads the mixture onto a centrifugal filter and mixes.
4.5.2. MED: Talent transfers the filter to the centrifuge and starts it, try to capture centrifuge settings
4.6. Next, remove the filtrate from the tube and resuspend the retentate in 0.5 ml of water. Repeat the wash twice more…, and then dilute the oligoclusters 500 fold with water.
4.6.1. CU: Talent adds water to the retentate in tube where filtrate was removed and resuspends it by pipetting. 
4.6.2. CU:Talent removes tube from centrifuge; TEXT: 14,000 x g, 10 min; Wash 3X total 

4.6.3. CU: Talent dilutes oligoclusters in water

4.7. After glow discharging a carbon-coated grid, deposit 0.6 µl of the oligoclusters onto the grid and allow them to air dry for 10 minutes. Finally, visualize the oligoclusters using 100,000X magnification at 80 kV in the transmission electron microscope.
4.7.1. CU: Talent deposits oligoclusters onto the carbon-coated grid and starts a timer.
4.7.2. LABMEDIA: To be provided by the authors; TEXT: 100,000X, 80 kV (Video Editor: You can use the top second from right TEM image or the clusters from Figure 2-rev2 panel A if no other figure is supplied.)
Authors: Can you supply a larger TEM image of the clusters to use here?
[Comment: additional TEM (larger) images for section 4.7.2 will be added to the JoVE website shortly]
5. Results: Characterization of Gold Oligoclusters by Gel Electrophoresis and Transmission Electron Microscopy.
5.1. The size of the gold oligoclusters synthesized using the delay time and add-on procedures were analyzed by gel electrophoresis. Lanes 2 through 4 of the gel show that the cluster size increases as the delay time becomes longer.
5.1.1. LABMEDIA: use Figure 1_MLfin-rev2 (Video Editor: Please highlight lanes 2, 3 and 4 when “Lanes 2 through 4” is said and highlight the bands and times from lanes 2, 3 and 4 in sequence when “cluster size increases as the delay time becomes longer” is said; Possibly use a diagonal arrow going from the shortest time/band toward the longest time/band.)
5.2. Lanes 5 through 8 confirm that the size of the clusters also increases with the amount of hydroxylated gold used during the add-on procedure.
5.2.1. LABMEDIA: use Figure 1_MLfin-rev2 (Video Editor: Please highlight the bands and text labels below lanes 5 through 8 when “the clusters also increases with the amount of hydroxylated gold” is said; This should be similar to the highlighting above but for the different lanes.)
5.3. Transmission electron microscopy was used to determine the diameters of the oligocluster particles. Diameters were calculated by taking measurements from images of 50 nm by 50 nm grid areas containing the particles.
5.3.1. LABMEDIA: use Figure 2-rev2 panel A (Video Editor: Please remove panel label “A.” Highlight 2-3 of the points on the graph below the TEM images as “diameters” is said then highlight the corresponding TEM image above each of the highlighted points as “50 nm by 50 nm grid areas” is said)
5.4. The relationship between particle size delay time and add-on amounts of hydroxylated gold were graphed. These data were then converted into predictive equations for the particle diameters for each procedure.
5.4.1. LABMEDIA: use Figure 2-rev2 panel B and C (Video Editor: Please remove the panel labels “B” and “C.” Place text “Particle size: Delay time” above panel B and “Particle size: Hydroxylated gold” above panel C. Highlight the graph traces in panel B and C when “graphed” is said and place boxes around the equations in both panels when “predictive equations” is said)
6. Conclusion (said by authors on camera)
6.1. Julian Willett Oliver Smithies: Using this method, oligocluster size is controlled by time-dependant hydroxylation of gold chloride, leaving incompletely hydroxylated gold ions to initiate new oligoclusters. As a result, oligocluster size is dependant on the total number of subunits in each oligocluster, while the size of individual monomers remains constant.
6.2. Anze Testen: When performed correctly, gold oligoclusters of sizes from 3 nm to 70 nm can be synthesized in less than a day.
6.3. Anze Testen: The resulting nanoparticles are stable in physiological buffers and plasma making them suitable for in vivo experiments.
6.4. Anze Testen: The gold oligoclusters described here have the additional benefit of being able to be concentrated without prior derivatization, thus allowing expensive derivatizing agents to be used in smaller volumes.
Note to the Authors: Please memorize all lines in advance of filming.
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 are included in the email accompanying the finalized script.
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