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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)__Y_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__Steps 6-7 Detector Setup and Calibration________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Sample preparation is the most difficult aspect of the whole procedure. We carefully select the right sample holder, right needle, the proper concentration and form of the sample. And we handle the whole process with extra care. _____________________________
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 determine and analyze structural changes of nanoparticle samples. (Intro)
This is accomplished by first preparing the sample in the capillary and placing it properly into the system. (P1, show the Sample Prep syringe-like object, then have the SAXS machine appear and have the syringe move down and disappear into it.)
The second step is to calibrate the detectors for optimal efficiency, power on the X-ray system, and ensure a proper vacuum is maintained. (P2. Start with the SAXS machine from P1, then have the System Setup and Control appear and zoom into it so the various “Control” labels can be seen.)
Next, the X-rays will scatter off the sample, allowing the scattering distribution to be obtained. (P3. Start with the three purple outlines only. Then add the “X-ray” and green arrow (but not Merlin). Then add the two horizontal green arrows and the text between those two arrows.  Then add the circles inside the right-hand purple outline and add the two downward-angled green arrows and their associated text.)
The final step is data analysis of the counts and intensity patterns obtained. (P4)
Ultimately, Small and Wide Angle X-ray Scattering is used to demonstrate localized structural changes in biological systems. (P5)
Use images in “New Graph Overview-R2.docx.” The authors were asked (on 9/4/12) to upload the images as separate image files, so please check for new image files. 

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Emily Liu: This method can help answer key questions in the Nanostructure engineering field, such as how to target cancer cells and distribute pharmaceuticals to these specific cells.  
1.2. Lauren Boldon: Though this method can provide insight into nanoparticle structure analysis, it can also be applied to other systems, such as the molecular breakdown of proteins and other small scale components of the human body.
1.3. Xiangyu Wang: Visual demonstration of this method is critical. The calibration and validation steps are complex, making it difficult to obtain optimal results, as they are subjective and require knowledge of the detector system and the biological field.   

Protocol (read by voice talent at JoVE):

2. Preparation of sample
2.1. The sample container is a clean capillary with a maximum diameter of 2.2 mm. Use a designated needle to fill the capillary with sample between 2 and 3 cm from the bottom. Close the capillary by melting wax over the open end.
Shots:

2.1.1. CU: A shot of a clean capillary on the work surface and then talent picking it up.

2.1.2. CU: A needle being used to fill the capillary with sample, 2-3 cm from the bottom.

2.1.3. CU: Wax being melted over the open end of the capillary.

2.2. Next, unscrew the vacuum sample holder from the SWAXS (pronounced "swacks") system and place the capillary by the closed end into the open end of the sample holder. Return the holder back into the system and screw it in place.
Shots:
2.2.1. MED: Talent unscrewing the vacuum sample holder from the SWAXS system.
2.2.2. CU: Capillary being placed by the closed end into the open end of the sample holder.

2.2.3. MED: Talent returning holder to system and screwing it back in place.
3. Start-Up of the SWAXS Machine: Source Cold Start-up Procedure 
3.1. deleted
3.2. Switch the main power on by pushing the green “ON” button. Verify that the Emergency “Shut-Off” button is in the extended position and the interlock LED light is green, indicating all interlocks are functioning properly. Once the screen has loaded, press “R6” on the menu.
Shots:
3.2.1. CU: Green “ON” button being pushed.
3.2.2. CU: A shot of the “Shut-Off” button in the extended position and the interlock LED light being green.
3.2.3. CU: “R6” being selected on the menu.
3.3. Turn the Standby key to the “ON” position and the X-ray Key to the “ON” position; the red X-ray light should light up.
Shots:
3.3.1. MED: Talent turning the Standby key to the “ON” position and the X-ray Key to the “ON” position.
3.3.2. CU: red X-ray light lighting up.
3.4. Wait for the touch screen to display standby power levels. Then turn the Standby Safety Key to the “OFF” position and press the “Start Cycle” button at the bottom of the touch screen.
Shots:
3.4.1. CU: A shot of the touch screen (text: Standby levels: 30 kV and 0.4 mA).
3.4.2. MED: Talent turning the Standby Safety Key to the “OFF” position and then pressing the “Start Cycle” button.
3.5. Wait for the touch screen to display nominal power levels. 

Shots:
3.5.1. CU: Touch screen displaying nominal power levels (text: Nominal levels: 50 kV and 1 mA).
4. Start-Up of the SWAXS Machine: Chiller Start-up and Shutdown Procedure
4.1. To start the chiller procedure, turn the power switch on the temperature control panel to the “ON” position. A control light and the LED temperature display will light up.
Shots:
4.1.1. MED: Talent turning the power switch on the temperature control panel to the “ON” position.
4.1.2. CU: control light and the LED temperature display lighting up.
4.2. Turn the power switch on the chiller to the “ON” position and wait until the temperature display reads “OFF.” This is the standby mode. Next press and hold the enter button until the temperature display indicates an actual temperature.
Shots:
4.2.1. MED: Talent turning power switch on the chiller being to the “ON” position.
4.2.2. CU: Temperature display reading “OFF.”
4.2.3. CU: Enter button/return key being pressed and held until temperature display indicates an actual temperature.
4.3. To change the temperature, press the up or down arrows. The set value will be shown on the temperature display for approximately 8 seconds before the display returns to the actual value.
Shots:
4.3.1. CU: Temperature being changed by pressing up/down arrows.
4.3.2. CU: Set value showing up on display and then display returns to actual value.
4.4. Once the desired set value is displayed, press the enter button to store that value. Wait until the actual temperature reaches the desired set value before proceeding with the experiment.
Shots:
4.4.1. CU: Desired value displayed on temperature display.
4.4.2. MED: Talent pressing the “enter” button to store the value.
4.5. To power down the chiller, press “enter” for approximately 4 seconds and turn the power switch to the “OFF” position.
Shots:
4.5.1. MED: Talent pressing “enter” for approximately 4 seconds and then turning the power switch to the “OFF” position.
5. Turning on the Vacuum and Detector System Set-up
5.1. To turn on the vacuum, first turn the Vacuum 1 and 2 knobs to the “ON” positions and ensure the vacuum door is secured in place. Wait until the VAP5 vacuum gauge reads a vacuum level of less than 1.5 mbar before setting up the detector system.
Shots:
5.1.1. #2 MED: Talent checking that vacuum door is secured in place. [Video Editor: Move this after 5.1.2]
5.1.2. #1 CU: Vacuum 1 and 2 knobs being turned to the “ON” positions. [Video Editor: Move this before 5.1.1]
5.1.3. #3 CU: A shot of the VAP5 vacuum gauge with a reading that is less than 1.5 mbar.
5.2. To set up the gas pressure for the detector system, first verify that the Main Pressure Gauge of the reduction valve is at least 10-bar and then open the Main Valve.
Shots:
5.2.1. #1 MED: Talent checking the Main Pressure Gauge of the reduction valve.
5.2.2. #3 CU: Main pressure gauge showing at least 10-bar. [Video Editor: Move this after 5.2.3]
5.2.3. #2 CU: Main valve being opened. [Video Editor: Move this before 5.2.2]
5.3. Slowly open the Operating Pressure Valve until the pressure indicated by the Operating Pressure Gauge reaches 8-bar. Open the Second Main Valve.
Shots:
5.3.1. MED: Talent slowly opening the Operating Pressure Valve.
5.3.2. CU: Operating Pressure Gauge reading 8-bar.
5.4. deleted
5.5. deleted
Shots:
5.5.1. MED: Talent turning the Main Power switch to the “ON” position.
5.5.2. CU: LED light lighting up.
5.6. Activate the high voltage by turning the switch to the “ON” position. The LED light should light up. To adjust the high voltage, slowly turn the voltage control knob until approximately 3.5 kV is reached on the gauge. DO NOT EXCEED 4 kV!
Shots:
5.6.1. MARKED AS 5.5.1 CU: Switch being turned to “ON” position.
5.6.2. MARKED AS 5.5.2 CU: LED light lighting up.
5.6.3. MED: Talent slowly turning the voltage control knob (text: Adjust voltage to 3.5kV. Do not exceed 4kV!)
6. Calibration of detectors
6.1. A sample of known peaks is used in this demonstration, and the ASA 3.3 software is used to obtain a graph of intensity vs. channel with 5 peaks. Go to Menu (Options(Enter and enter channels and corresponding intensities.
Shots:
6.1.1. MED: Talent at the computer starting the ASA 3.3 software and then entering channels and corresponding intensities.
6.2. Go to ASA3, “TPF” tab first. Change the filter to a 1 mm Nickel beam filter for the small angle detector. 
Shots:
6.2.1. LAB MEDIA: ‘7.2-01ASA3_Figure1.tif’ (Video editor: highlight ASA3 at top left, then highlight ‘TPF’.  Lastly highlight ‘Filter: 1 mm Ni’).
6.3. Next set the position to 32000; the range should be between 28000 and 32000, with the critical region around 28000.  Make sure the vacuum is below 5 mbar and the detector is reading between 1-10K. Run for 10 seconds to obtain approximately 52 counts per second.
Shots:
6.3.1. LAB MEDIA: ‘7.2-01ASA3_Figure1.tif’ (Video editor: highlight the 32000 position)
6.3.2. deleted
6.3.3. deleted
6.3.4. MED: Talent starting the run for 10 seconds.
6.4. Change the energy windows (Video editor: screen shot 6.4.1.) so that the peaks are centered at 300, ensuring optimal detector efficiency (Video editor: screen shot 6.4.2). Make adjustments to the detector voltage controls, completing 10 second runs until the peaks are centered appropriately, as shown in this figure (Figure 1).
Shots:
6.4.1. SCREEN: ‘7.4-01_ASA3_Figure1.tif’ (Video editor: highlight  “Set Energy Limits” from the menu)
6.4.2. SCREEN: ‘7.4-02_ASA3_Figure2.tif’ 
6.4.3. MED: Talent adjusting detector voltage controls.
6.4.4. LAB MEDIA: Figure 1.jpg
6.5. Find the location of the primary beam and all other peaks for both the small and wide angle detectors.  For these examples using Silver Behenate and Para-Bromobenzoic Acid, the primary beam is found at channel 526 for the small angle detector (Video editor: draw attention to the two left plots) and the first beam is found at channel 304 for the wide angle detector  (Video editor: draw attention to the two right plots).
Shots:
6.5.1. LAB MEDIA: ‘7.5 01_ASA3_Figure1.tif’ 
7. Software Procedure
7.1. deleted
7.2. For EasySWAXS, click on the ‘Device Settings’ tab. Enter the “a”, lambda, and “d” values, as well as the center of gravity. Select Point Collimation and select Globular particle type. 
Shots:
7.2.1. LAB MEDIA: ‘8.2_02_EasySWAXS_Figure2.tif’ (Video editor: circle ‘Device setting’, then highlight the ’53.252 in a, ‘1.542’ in Lambda, ‘0.0054’ in d, and ‘462’ in Center of Gravity.  Next circle ‘Point Collimation’ and ‘Globular’)
7.3. Click on the Guinier-Plot tab; the following graph will be displayed. Drag the vertical lines to surround a section of an approximately linear slope. 
Shots:
7.3.1. LAB MEDIA: ‘8.2–01_ASA3_Figure1.tif’
7.3.2. LAB MEDIA: ‘8.3-01_EasySWAXS_Figure1.tif’
7.3.3. LAB MEDIA: ‘8.4-01_EasySWAXS_Figure1.tif’ (Video editor: draw attention to the red and blue vertical lines, and then highlight the black line that indicates the linear slope).
7.4. At the bottom of the screen, an R or Radius of Gyration value will be displayed. Next to this is a validation requirement. Continue to drag the vertical lines closer together until the validation value is between 1 and 2. How close the validation value is to 1 is subjective.
Shots:
7.4.1. LAB MEDIA: ‘8.4-01_EasySWAXS_Figure1.tif’ (Video editor: highlight the numbers at the bottom: “R: 10.8623” and “validation: 1.79”)
8. Source Shutdown Procedure
8.1. To begin the procedure for shutdown, first verify that the safety and fast shutters of the X-ray source are closed. Turn the Standby key to the “ON” position.
Shots:
8.1.1. MED: Talent checking that the safety and fast shutters of the X-ray source are closed.
8.1.2. CU: Standby key being turned to the “ON” position.
8.2. Wait for the touch screen to display standby levels, and then press “R5” on the touch screen. Reduce the current to 0A and the voltage to 0A. Turn the X-ray key to the “OFF” position. Switch the main power off by pushing the red “OFF” button.
Shots:
8.2.1. CU: Touch screen displaying standby levels and then “R5” is pressed.
8.2.2. CU: Current reduced to 0A and voltage reduced to 0A.
8.2.3. MED: Talent turning X-ray key to the “OFF” position and then switching the main power off by pushing the red “OFF” button.
9. Results: SWAXS analysis of macromolecules 
9.1. In a SWAXS experiment, the measured intensity vs. channel must first be calibrated to intensity vs. q or d spacing.   ImageJ-macro software is used to calibrate small angle X-ray scattering, or SAXS, (pronounced "sacks")  and a representative result from a silver stearate sample is shown in this figure (Fig. 1).  The d spacing is 48.68 Å. The primary beam is located at channel 367 (JoVE Video editor: please draw attention to the green 367 peak). The five major peaks, or lattice parameters of the sample, are located at channels 539, 717, 896, 1075, and 1253 (JoVE Video editor: please draw attention to each peak in correspondence with the narration).
Shots:
9.1.1. LAB MEDIA: Figure 1.jpg
9.2. ImageJ-macro software is also used to calibrate wide angle X-ray scattering or WAXS, (pronounced "wacks") making the transition from intensity vs. channel to intensity vs. q or d spacing.  In this representative result (Fig. 2), the sample used is Para-Bromo Benzoic Acid powder. The six major peaks, or lattice parameters of the sample, are located at channels 130, 484, 555, 613, 657, and 902. (JoVE Video editor: please draw attention to each peak in correspondence with the narration).
Shots:
9.2.1. LAB MEDIA: Figure 2.jpg
9.3. This figure shows an example of SAXS analysis of a solution of 2% weight per volume of lysozyme in a water-based aqueous buffer (Fig. 3). The background-subtracted SAXS raw-data of the sample is shown in red. A Guinier-plot from the EasySWAXS software (JoVE video editor: highlight the smaller box within the big box) utilizes the part of the raw data with very low q to find ‘R’, the radius of gyration. The value for the radius of gyration obtained, 15.5 angstrom (Video editor: highlight “Rg = 15.5 Å”), compares nicely to the expected value of approximately 1.44 nm.
Shots:
9.3.1. LAB MEDIA: Figure 3.jpg
9.4. An example of WAXS analysis of liposome dispersed in a water-based aqueous solution is illustrated in this figure (Fig. 4A), which shows the background-subtracted WAXS raw-data of the sample. The equally spaced peaks that decrease with increasing q, indicates a lamellar structure. With each lamellae, a decrease in the scattering occurs.
Shots:
9.4.1. LAB MEDIA: Figure 4A.jpg
9.5. Finally, these schematic diagrams (Fig 4B) depict the 1D lamellar structure of the liposome (Video editor: draw attention to the liposome – the big black phosphate circle), its hydrophilic head (Video editor: this is the solid black circle) and hydrophobic tails (Video editor: the fatty acid tails), its phospholipid membrane stack (Video editor: highlight the membrane stack schematic), and its electron density function (Video editor: highlight the electron density function graphic.
Shots:

9.5.1. LAB MEDIA: Figure 4B.jpg
10. Conclusion (said by authors on camera)
10.1. Xiangyu Wang: Once mastered, this technique can be done in approximately 4-6 hours if it is performed properly.

10.2. Lauren Boldon: While attempting this procedure, it’s important to remember to effectively calibrate the detectors to obtain the best results possible.

10.3. Emily Liu: Following this procedure, other methods like molecular dynamics simulation can be performed in order to answer additional questions such as the detailed physics behind the detected nanostructure of the sample.

Provided Media

1A. Schematic overview graphics
6.2-6.3. ‘7.2–01_ASA3_Figure1.tif’ – ASA3 Detector Filter Positioning
6.4. ‘7.4–01_ASA3_Figure1.tif’ – ASA3 Detector Calibration of Energy Limits

6.4. ‘7.4–02_ASA3_Figure2.tif’ – ASA3 Counts vs. Channel Sample Results
6.4. Figure 1.jpg
6.5. ‘7.5-01_ASA3_Figure1.tif’ – ASA3 Counts vs. Channel Sample Results 

7.2. ‘8.2–02_ASA3_Figure2’ – EasySWAXS Device Settings

7.3. ‘8.2–01_ASA3_Figure1’ – EasySWAXS Guinier Plot Tab Selection
7.3. ‘8.3-01_EasySWAXS_Figure1.tif’ – EasySWAXS Guinier Plot Example
7.3 -7.4. ‘8.4-01_EasySWAXS_Figure1.tif’ - EasySWAXS Guinier Plot Validation
9.1. Figure1.jpg

9.2. Figure 2.jpg
9.3. Figure 3.jpg
9.4. Figure 4A.jpg
9.5. Figure 4B.jpg
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.
( 2011, Journal of Visualized Experiments


