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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___
Please know that we are willing to provide a detailed description of the ImageJ software usage for the
evaluation of the transmission electron microscopy (TEM) data. The graduate student, Joshua Baker,
has prepared a detailed standard operating procedure. Unfortunately, due to the space limitation of the
protocol, we could not include it in the manuscript. This software may be downloaded from the National
Institute of Health Website and is free for academic use._ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps.

Step 1: Synthesis of Colloidal Silver Nanoparticles (AgNPs)
Step 2: Determination of Surface Plasmon Resonance of Colloidal AgNPs via UV-Vis Absorption
Spectrophotometry
Step 3: Size-selection and Concentration of Colloidal AgNPs via Tangential Flow Ultrafiltration (TFU)
Step 4: Quantification of Silver Amount in Colloidal AgNPs by Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES)
Step 5: Size Distribution of Colloidal AgNPs via Transmission Electron Microscopy (TEM)
It should be noted that the numbering of this steps might not coincide with those of the manuscript.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The size-selection and concentration of colloidal AgNPs via TFU is the most difficult part. Proper
cleaning and storage procedures must be followed to prevent membrane fouling, which can lead to diminished concentration yields or unwanted aggregation events.


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:

The overall goal of this procedure is to demonstrate the feasibility of the tangential flow ultrafiltration method for larger volumes of colloidal nanoparticles and smaller volumes of retentate (Intro). First synthesize 4 L of Creighton colloidal silver nanoparticles (P1). Verify the quality of the colloid by determining the surface plasmon resonance using UV-Vis absorption spectrophotometry (P2). Next, use tangential flow ultrafiltration to size-select and concentrate this colloid into 4 mL of water (P3 – lower right with vials ABCD and all labels except for text boxes marked P4). Then with inductively-coupled plasma optical emission spectroscopy, quantify the amount of silver in the original colloid and the representative samples of the ultrafiltration process (add P4 text boxes to P3). Ultimately, transmission electron microscopy in conjunction with image processing in ImageJ software is used to show the size distribution of the silver nanoparticles in the original colloid and the final ultrafiltration retentate (P5).

 

[image: ]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Catherine Anders: Initially, individuals new to the nanomaterial quantification by ICP-OES will need to master the cleaning procedures that are critical to ensure the glassware is free of any trace-metal contamination.  Also important is the time period required for the digestion of the colloidal samples and the preparation of ICP-OES calibration standards.
1.2. Catherine Anders: Unlike other methods like centrifugation, size-dependent solubility, size-exclusion chromatography, fractional crystallization and gel electrophoresis, this method avoids issues with aggregation, toxicity of synthesis reagents, instability, undesired coatings, high costs, and/or reduced efficiency. 
1.3. Ioana Sizemore: Demonstrating the synthesis of the colloidal silver nanoparticles and their characterization by UV-Vis absorption spectroscopy and inductively coupled plasma optical emission spectroscopy will be Austin Williams, Catherine Anders and Joshua Baker,research students, 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.

1.4. **Dawn Wooley: I will demonstrate the tangential flow ultrafiltration and Jackie Sisco will demonstrate the transmission electron microscopy.
1.4.1. Interview style: Author saying the above 
1.4.2. 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):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Synthesis of Colloidal AgNPs
2.1. Meticulously clean all glassware as described in the accompanying text. Using autoclaved water cooled at 10°C, prepare 300 mL of a 2 mM Sodium borohydride solution and 100 mL of a 1 mM Silver nitrate solution.
2.1.1. WIDE/MED: Talent approaches workspace with some clean glassware 
2.1.2. MED/CU: Talent pours cooled water, to prepare 300 mL of a 2 mM Sodium borohydride solution and 100 mL of a 1 mM Silver nitrate solution.

2.2. Now add 300 mL of the NaBH4 solution to a 500 mL Erlenmeyer reaction flask containing a stir bar. Wrap the flask with aluminum foil to prevent silver oxidation and stir on ice [Text over video:  325 rpm for 10 mins].
2.2.1. MED-over-the-shoulder: Talent adds 300 mL of the NaBH4 solution to a 500 mL Erlenmeyer reaction flask containing a stir bar. 
2.2.2. CU: Talent wraps the flask with aluminum foil.
2.2.3. MED/CU: Talent places flask to stir on ice (show stir bar turning solution). 

2.3. To prime a 25 mL burette, rinse with a full column of ultrapure water followed by a full column rinse using silver nitrate. Then wrap the burette with aluminum foil and it with Silver nitrate solution.
2.3.1. MED/CU: Talent rinses a 25 mL burette with a full column of ultrapure water. 
2.3.2. CU: Talent wraps the burette with aluminum foil and then fills the burette with Silver nitrate solution.

2.4. In a dark room, add 50 mL of Silver nitrate solution [Text over video: ~1 drop per sec] to the NaBH4 solution. Cover the middle section of the apparatus with a “foil tent” to minimize light exposure. Replenish the ice bath periodically over this time [Text over video: ~ 35 mins].
2.4.1. CU/ECU: Talent adds 50 mL of Silver nitrate solution to the NaBH4 solution (show continuous stirring). 
2.4.2. CU: Talent covers the middle section of the apparatus with a “foil tent”.
2.4.3. MED: Talent adds ice to the ice bath.

2.5. Continue to stir the colloidal solution over ice for an additional 45 to 50 minutes.
2.5.1. ECU: Talent sets timer for 45 mins.

2.6. Talent: The formation of colloidal silver nanoparticles is signaled by a change in color from colorless to a golden yellow, which is characteristic of the surface plasmon resonance maximum of silver nanoparticles. 
2.6.1. Interview Style.

2.7.  Refrigerate the resulting colloid. 
2.7.1. CU: Talent places sample in fridge (show color of colloid).


3. UV-Vis Spectrophotometry: Surface Plasmon Resonance 

3.1. Fill a 1 ml disposable cuvette with Creighton colloid and ultrapure water in a 1:10 volume ratio. For a blank baseline correction, fill another cuvette with ultrapure water. Wipe the outside of both cuvettes with a Kimwipe.

3.1.1. MED/CU: Talent fills a 1 ml disposable cuvette with Creighton colloid and ultrapure water in a 1:10 volume ratio. 

3.1.2. CU: Talent fills another cuvette with ultrapure water. 

3.1.3. ECU: Talent wipes the outside of both cuvettes with a Kimwipe.


3.2. Set the spectrophotometer to absorbance mode from a Y minimum of -0.5 to a Y maximum of 1.0. Also set the X scanning window at 200-800 nm and select a fast scan rate [Text over video: 4,800 nm min-1 ] with baseline correction.

3.2.1. SCREEN: Talent sets the spectrophotometer to absorbance mode from a Y minimum of -0.5 to a Y maximum of 1.0. 

3.2.2. SCREEN: Talent sets the X scanning window at 200-800 nm

3.2.3. SCREEN: Talent selects a fast scan rate of 4,800 nm min-1  with baseline correction.


3.3. Insert the cuvette filled with water into the instrument and run a baseline scan. Repeat if necessary until a non-zero baseline control is achieved.

3.3.1. CU/ECU: Talent inserts the cuvette filled with water into the instrument.

3.3.2. SCREEN: Talent runs a baseline scan. 	Comment by Joshua Baker: This was shot live action as well.


3.4. Talent: Repeat if necessary until a non-zero baseline control is achieved.

3.4.1. Interview style.


3.5. Replace the blank cuvette with the sample cuvette and initiate an absorbance scan for the collection of the UV-Vis absorption spectrum of the colloidal sample.

3.5.1. MED/CU: Talent replaces the blank cuvette with the sample cuvette.

3.5.2. MED-over-the-shoulder:  Talent initiates an absorbance scan for the collection of the UV-Vis absorption spectrum.



4. Tangential Flow Ultrafiltration:  Size-selection and Concentration 

4.1. Connect 17 MasterFlex feeding tubing to the peristaltic pump, as described in accompanying text.  Select counterclockwise pump direction using the DIR button, and verify the MODE button is on INT. 

4.1.1. Talent inserts tubing into pump head.

4.1.2. BROLL: Instrument set-up and with tubing through pump

4.1.3. CU/EDU: Talent selects counterclockwise pump direction using the DIR button, and indicates the MODE button is on INT.


4.2. Set the pump rate to less than 300 mL per min.

4.2.1. ECU: Talent sets the pump rate to < 300 mL min-1.


4.3. Next, prime the system by creating a vacuum in the filtration loop.

4.3.1. Talent clamps the tubing and opens the port in tubing junction.

4.3.2. Talent starts the pump.


4.4. Once the liquid is flowing freely through the system, turn off the pump and close the port in the tubing junction and remove the clamp. Turn on the pump again and monitor the tubing circuit for leaks. 

4.4.1. CU/ECU: Talent turns off the pump, closes the port in the tubing junction, and removes the clamp. 

4.4.2. ECU: Talent turns on the pump again and monitors the tubing circuit for leaks.


4.5. Now increase the pump flow rate [Text over video: < 700 mL min-1] according to tubing size. Continue filtration until the liquid in the reservoir bottle is almost depleted, and turn off the pump. Lower the pump rate [Text over video: < 300 mL min-1] and collect the retentate from the filtration loop. The retentate consists of nanoparticles larger than 50 nm. Next collect the filtrate, which consists of nanoparticles smaller than 50 nm.

4.5.1. CU/ECU: Talent increases the pump flow rate to < 700 mL min-1. 

4.5.2. CU:  Talent indicates liquid in reservoir bottle almost depleted. Turn off pump.

4.5.3. CU/ECU: Talent lowers the pump rate to < 300 mL min-1 to collect retentate from the filtration loop. Then, the filtrate is collected.


4.6. Talent: The retentate may be saved for further analysis according to the specific AgNP application. The filtrate is used for the next filtration step.

4.6.1. Interview style.


4.7. Next, to select nanoparticles of less than 20 nm in diameter, rinse the tubing with 2% HNO3 in ultrapure water. Repeat the filtration process with a 100-kD MidiKros® filter. 

4.7.1. MED/CU: Talent rinses the tubing with 2% HNO3 and ultrapure water (show label of reagents). 

4.7.2. ECU:   Show filtration system with a 100-kD MidiKros® filter.


4.8. Collect the retentate from the filtration loop. 

4.8.1. MED/CU: Talent collects retentate from the filtration loop.


4.9. Now to concentrate the samples, repeat the process using a size 14 MasterFlex tubing and the smaller 100-kD MicroKros® FILTER. Lower the pump flow rate to 30 mL min-1 for priming, and then 90 mL min-1 for the filtering step.

4.9.1. 4.9.1. Interview style. ECU: filtration system with a smaller 100-kD MidiKros® filter.	Comment by Dawn P. Wooley: It would be too time consuming to set up the system with the smaller filter and tubing. Since the setup is the same, I will show the smaller filter and tubing, along with the final 4 ml retentate.  
4.9.2. 
4.9.3. CU/ECU: Talent lowers the pump flow rate to 30 mL min-1 and then 90 mL min-1.


5. Inductively Coupled Plasma Optical Emission Spectroscopy: Quantification of Silver 


5.1. This method is designed to quantify the silver through the purification steps of the silver nanoparticle preparation. 

5.1.1. LAB MEDIA: Figure 3 circle blue boxes: The original colloid, 50-nm filtrate, 100-kD retentate, and final 100-kD retentate.


5.2. Talent: Use low-density polypropylene containers to prevent any silver leaching from the samples.

5.2.1. Interview style.


5.3.  First, chemically digest the samples with concentrated nitric acid  [Text over video: for volume ratios see accompanying text]. 

5.3.1. CU/ECU: Talent adds concentrated nitric acid to digest the samples


5.4. Also prepare a silver calibration curve using eight standards [Text over video: 0, 3, 7, 10, 15, 25, 50, and 100 g / L].
5.4.1. CU/ECU: Talent prepares a silver calibration curve using eight standards [show series of 8 labeled tubes.].


5.5. Now, proceed to the ICP-OES instrument. Set parameters of the wavelength for silver, the radio-frequency power, the plasma flow, the auxiliary flow, and the nebulizer pressure.

5.5.1. WIDE/MED: Talent approaches to the ICP-OES instrument (get good shot of instrument).
 
5.5.2. SCREEN: Talent sets wavelength at 328.068 nm, radio-frequency power at 1.20 kW, plasma flow at 15.0 L min-1, auxiliary flow at 1.50 L min-1, and nebulizer pressure at 200 kPa. (make sure of order to match voice-over)


5.6. Also set the instrument to measure samples in triplicate with a replicate time of 10 seconds. Use a Between-measurement stabilization time of 15 seconds, and a sample uptake delay of 30 seconds. 

5.6.1. SCREEN: Talent sets measure samples in triplicate, and a replicate time of 10 seconds. 

5.6.2. SCREEN: Talent sets a Between-measurement stabilization time of 15 seconds, and a sample uptake delay of 30 seconds.


5.7. Talent: Also introduce a method blank between every sample to reduce potential cross-contamination.

5.7.1. Interview Style.  


5.8. Now load the samples and measure.
5.8.1. CU/ECU: Talent load the samples

5.8.2. MED: Talent starts measurements.



6. Size Distribution of Colloidal AgNPs via Transmission Electron Microscopy (TEM)


6.1. Dilute the 100-kD retentate sample with ultrapure water [Text over video: 1:100]. Now deposit 20 L of the original colloid and the diluted 100-kD retentate on 300-mesh formvar-coated gold grids. Place the grids to air dry [Text over video: < 1day].

6.1.1. MED/CU: Talent dilutes the 100-kD retentate sample with ultrapure water  (1:100). 

6.1.2. ECU: Talent deposits 20 L of the original colloid and the diluted 100-kD retentate on 300-mesh formvar-coated gold grids. 

6.1.3. CU: Talent Place the grids to air dry


6.2. Set the accelerating potential of the TEM instrument at 70 kV to visualize the silver nanoparticles.

6.2.1. SCREEN: Talent sets the accelerating potential of the TEM instrument at 70 kV 

6.2.2. MED: Talent focuses scope on sample


6.3. Capture electron micrographs using the high-resolution camera, and save as tagged image files format [Text over video: tiff].

6.3.1. SCREEN: Talent captures electron micrographs.

6.3.2. SCREEN:  Talent saves image as TIFF.

7. Results: Synthesis and Characterization of Colloidal AgNPs
7.1. In this preparation of four liters of Creighton colloidal AgNPs, the final colloid had a characteristic golden yellow color 
7.1.1. LAB MEDIA: Figure 1B

7.2.  The UV-Vis absorption spectrum of this colloid had a typical sharp, symmetrical surface plasmon peak at 394 nm 
7.2.1. LAB MEDIA: Figure 1C 

7.3. The Raman spectrum of the original Creighton colloid and the final 100-kD retentate presented only three vibrational modes: the bending node at 1640 and the symmetric and asymmetric stretching modes of H2O.
7.3.1.  LAB MEDIA: Figure 1D – arrow at 1640 (bending) and then arrows at 3245 and 3390 

7.4. The three 3-step Tangential Flow Ultrafiltration process for size-selection and concentration of the silver nanoparticles yielded a final 100-kD retentate of 4 ml. Most of the synthesis byproducts and excess reagents were eliminated through the water solvent.
7.4.1. LAB MEDIA: Figure 3 (schematic) and add vials from Figs 3A-D   to respective  places.
 
7.5. The amount of silver was then determined using the ICP-OES calibration curve. Here, the actual yield is very close to the typical theoretical yield of 15.4 ppm for the Creighton reaction. 
7.5.1. LAB MEDIA: Figure 4 graph. Put vial from Figure 3A near 15ppm, label the vial  “15.2 ppm”

7.6. The extreme concentration of silver nanoparticles was reflected by a dramatic change in color from golden yellow for the original colloid to dark brown for the final 100-kD retentate.  The ICP-OES measurements confirmed the visual observations and revealed a silver concentration for the final 100 kD retentate.
7.6.1. LAB MEDIA: Figure 3A with label “15.2 ppm”; an  arrow to  Figure 3D with label  “8,538.9 ppm”   

7.7. These TEM micrographs of the original Creighton colloid and the final 100-kD retentate indicate that in their unaggregated state, silver nanoparticles appear as black round areas on a lighter grey background.
7.7.1. LAB MEDIA: Figure 5A and 5C
 
7.8. These TEM size histograms wereconstructed by analyzing approximately 800 AgNPs for original Creighton silver nanoparticles and the final 100-kD retentate. 
7.8.1. LAB MEDIA: Figure 5B (without inset) and Figure 5D.



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


8. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

8.1. Dawn Wooley: After watching this video, you should have a good understanding of how to use the tangential flow ultrafiltration method for the “green” size-selection and concentratio of colloidal nanoparticles with minimal aggregation at various volume scales and how to characterize the final retentate of nanoparticles. Once mastered, the ultrafiltration technique can be done in six hours if performed properly.
8.2. Catherine Anders: While attempting this procedure, it’s important to remember that highly concentrated suspensions of colloidal silver nanoparticles have a limited lifetime even upon refrigerator storage. This limitation may be managed through careful research planning and preparation.
8.3. Joshua Baker: Don't forget that working with hot nitric acid reagent during the chemical digestion for ICP-OES analysis can be extremely hazardous and precautions such as working in a chemical fume hood and wearing proper protective equipment should always be taken while performing this procedure. 
       

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.
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