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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)__Y___ 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.) __2.3, 2.4,4.3, 4.5,4.10, 4.11_
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.) ___2.1_A good vector network analyzer to measure resonator Q (can then calculate resonator bandwidth) and then practice thinking about 1.) signal vs 2.) resonator bandwidth vs 3.) experiment conditions. In a fully realized commercial system, these would all be behind the scenes calculations, and that is where the technology is headed. For right now though, researchers need to be cognoscente of those three pieces. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? __Chemistry hood (for reagent prep) is just down the hall from where spectrometer is located.
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 rapid scan electron paramagnetic imaging, or RS-EPRI, is to provide quantitative information on oxygen concentration, pH, redox status and concentration of signaling molecules that are useful for biomedical research. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Joshua Biller: EPRI is a tool that can be used to answer key questions in cancer research regarding the tumor environment [1-MED].
1.1.1. Joshua speaks toward camera, interview style.
1.2. Debbie Mitchell: The main advantage of RS-EPRI is to acquire more of this information in a much faster time on a wider variety of probe molecules as compared with continuous wave EPRI [1-MED]. 
1.2.1. Debbie speaks toward camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Hanan Elajaili: The probes which are sensitive to redox status or pH are a good example of where RS-EPRI really shines [1-MED].   
1.3.1. Hanan speaks toward camera, interview style.
1.4. Sandy Eaton: Though we first developed rapid scan for in vivo imaging, the benefits of the method could be realized in a wide variety of applications from quantum computing to metalloenzymes [1-MED].
1.4.1. Sandy speaks toward camera, interview style.
Protocol (read by voice talent at JoVE):
2. Set-Up of the Rapid Scan Coil Driver at 250 MHz
2.1. Begin this procedure with the calculation of rapid scan experimental conditions as determined in the text protocol [1-Title Card].
2.1.1. Title Card
2.2. Joshua Biller: One important aspect of rapid scan is to understand the dependence of the signal on resonator bandwidth and experimental conditions, including scan frequency and sweep width.  To truly optimize the technique, you need to think about all three [1-MED].
2.2.1. Joshua speaks toward the camera, interview style. 
2.3. The rapid scan coil driver has two amplifiers.  When selecting a capacitor, the capacitor box needs to be balanced with an equal capacitance on each side of the box.  The two sides are in series [1-BROLL].
2.3.1. Scan the instrument including the rapid scan coil driver and capacitor box if possible.
2.4. Unscrew the top cover of the capacitor box [1-MED-over the shoulder], and insert capacitors on both sides that are equal to the determined value [2-CU].  Replace the top of the capacitor box and screw it down to ensure it stays on [3-MED].
2.4.1. Talent unscrews the top cover.
2.4.2. Capacitors as talent inserts them on both sides.
2.4.3. Talent replaces the top of the capacitor box. 
2.5. Using the front panel of the resonated coil driver, adjust the output frequency until the sinusoidal (pronounced as “sahy-nuh-soid-l”) waveform has the maximum amplitude [1-CU or MED-over the shoulder]. 
2.5.1. Front panel of the resonated coil driver/amplitude display as talent adjusts to obtain the max amplitude on the sinusoidal waveform.
3. Preparation of Reagents and Phantoms
3.1. To prepare the radicals, remove 15N-PDT (pronounced as “N-fifteen-P-D-T”) from the freezer and allow the container to come to room temperature [1-MED-over the shoulder-TXT].  Weigh out 1.4 milligrams of 15N PDT using an analytical balance [2-CU].  
3.1.1. Talent removes the labeled container of 15N-PDT from the freezer.  TEXT Overlay: 15N PDT = 4-oxo-2,2,6,6-tetra(2H3)methyl-1-(3,3,5,5-2H4,1-15N)piperdinyloxyl
3.1.2. 15N PDT as talent weighs 1.4 mg on an analytical balance.
3.2. Add 1.4 milligrams of 15N PDT to 15 milliliters of de-ionized water for a final concentration of 0.5 milliMolar [1-MED].
3.2.1. Talent adds 1.4 milligrams of 15N PDT to 15 milliliters of de-ionized water.
3.3. To generate the radical adduct, BMPO-OH (pronounced “B-M-P-O O-H”), first weigh out 680 milligrams of potassium phosphate monobasic [1-MED-over the shoulder-TXT].  Dissolve the salt in 100 milliliters of de-ionized water for a final concentration of 50 milliMolar [2-CU].  
3.3.1. Potassium phosphate monobasic as talent weighs out 680 mg from a labeled container.  TEXT Overlay: BMPO = 5-tert-butoxycarbonyl-5-methyl-1-pyrroline-N-oxide
3.3.2. Talent dissolves the salt into 100 ml of de-ionized water.
3.4. Add 1 Molar potassium hydroxide drop wise to the phosphate buffer until a pH of 7.3 is reached [1-MED-over the shoulder].  
3.4.1. Talent adds KOH dropwise to a pH of 7.3.  Use labeled containers.
3.5. Next, combine 50 milligrams of BMPO (pronounced “B-M-P-O”) with 5 milliliters of water in a 16 millimeter quartz irradiation tube [1-CU].  Add 100 microliters of 300 milliMolar hydrogen peroxide [2-MED].
3.5.1. Quartz irradiation tube as talent combines 50 milligrams of BMPO with 5 milliliters of phosphate buffer water.
3.5.2. Talent adds 100 microliters of 300 mM hydrogen peroxide from a labeled container.
3.6. Irradiate the mixture in the 16 millimeter quartz irradiation tube with a medium pressure, 450 Watt, ultraviolet lamp for five minutes [1-CU].
3.6.1. Quart irradiation tube as talent places under the ultraviolet lamp. 
3.7. Using a glass transfer pipet, transfer 2.5 milliliters of the irradiated BMPO-OH solution out of the quartz irradiation tube [1-MED-over the shoulder], and into one side of a 16 millimeter quartz sample tube with a 3 millimeter divider [2-CU].
3.7.1. Talent uses a glass transfer pipet to aspirate 2.5 ml of irradiated BMPO-OH solution out of the quartz irradiation tube.
3.7.2. 16 mm quartz sample tube with 3 mm divider as talent transfers the irradiated BMPO-OH there.
3.8. Transfer the remaining 2.5 milliliters of irradiated BMPO-OH into the other side of the quartz sample tube with the divider [1-ECU].
3.8.1. Other side of the 16 mm quartz sample tube with 3 mm divider as talent transfers the remaining irradiated BMPO-OH there.
4. Set Up of the Rapid Scan Instrument at 250 MHz
4.1. Debbie Mitchell: A second critical step is to understand the power saturation curve. As scan rate increases, you access higher powers and larger signal amplitudes before your signal saturates.  Having larger signal amplitude is another way you can decrease acquisition time [1-MED].
4.1.1. Debbie speaks toward the camera, interview style. 
4.2. First, tune the resonator with an aqueous sample of the nitroxide (pronounced as “nahy trok-sahyd”) radical by inserting the 15 milliliter sample of 0.5 milliMolar 15N-PDT in water into a 16 millimeter quartz electron paramagnetic resonance tube [1-MED].
4.2.1. Talent pipettes 15 milliliters of 0.5 milliMolar 15N-PDT in water sample into a 16 millimeter quartz electron paramagnetic resonance tube.  Use a labeled container. 
4.3. Insert the quartz tube into the detection side of the cross-loop rapid scan-electron paramagnetic resonance, or RS-EPR, resonator [1-CU].
4.3.1. Detection side of the cross-loop RS-EPR resonator as talent inserts the quartz tube there.
4.4. Change the frequency of the instrument source until it matches the frequency of the detection side that contains the sample [1-MED-over the shoulder].
4.4.1. Talent changes the frequency of the instrument source using the knob until it matches the frequency of the detection side that contains the sample.
4.5. Now, change the frequency of the excitation side to match the frequencies of the experiment source and detection side of the resonator [1-MED-over the shoulder].  Change the frequency of the excitation side by turning a variable capacitor within the resonator cavity [2-CU].  
4.5.1. Talent changes the frequency of the excitation side to match the frequencies of the experiment source and detection side of the resonator by turning a variable capacitor within the resonator cavity.  Continue action in next shot.
4.5.2. Variable capacitor as talent changes the frequency by turning it.
4.6. To set up the instrument console and main magnet, turn on the spectrometer [1-MED] and choose an experiment which records transient data with time on the abscissa (pronounced as “ab-sis-uh”) [2-MED-over the shoulder].
4.6.1. Talent turns on the spectrophotometer.
4.6.2. Talent chooses the experiment in the software.
4.7. Within the software, set the number of points to 65,536 and the time base to 10 nanoseconds.  Set the number of averages to 10,000 for a strong or narrow signal, and to 45,000 for a broad or weak signal [1-SCREEN].
4.7.1. *To be submitted by authors - 54068_Eaton_SCREEN_4.7.1:  Screen capture movie as talent sets the number of points to 65536 and the time base to 10 nanoseconds.  Then talent sets the number of averages to 10,000 for a strong or narrow signal, and to 45,000 for a broad or weak signal.
4.8. Press the “engage” button in the software to send the experimental parameters from the software to the console and energize the main field magnet [1-SCREEN].
4.8.1. *To be submitted by authors - 54068_Eaton_SCREEN_4.8.1:  Screen capture movie as talent presses the “engage” button in the software to send the experimental parameters from the software to the console and energize the main field magnet.
4.9. Set the main magnetic field to 9 milliTesla.  Set the power attenuation knob to 50 decibels, and turn on the 7 Watt high power amplifier [1-SCREEN].
4.9.1. *To be submitted by authors - 54068_Eaton_SCREEN_4.9.1:  Screen capture movie as talent sets the main magnetic field to 9 milliTesla.  Then talent sets the power attenuation knob to 50 decibels, and turns on the 7 Watt high power amplifier. 
4.10. To execute the rapid scan experiment, turn on the rapid scan coil driver with a scan frequency of 6.8 kilo Hertz and a scan width of 7 milliTesla [1-SCREEN].
4.10.1. *To be submitted by authors - 54068_Eaton_SCREEN_4.10.1:  Screen capture movie as talent turns on the rapid scan coil driver with a scan frequency of 6.8 kilo Hertz and a scan width of 7 milliTesla.
4.11. Perform a power saturation curve on a standard nitroxide radical sample under the same experimental conditions that will be used to look at radicals sensitive to pH or redox status [1-SCREEN]. 
4.11.1. *To be submitted by authors - 54068_Eaton_SCREEN_4.11.1:  Screen capture movie as talent performs a power saturation curve on a standard nitroxide radical sample under the same experimental conditions.
4.12. Once the system is set up, gradients are applied manually or through a computer program for the imaging experiment [1-WIDE].
4.12.1. Talent works to apply gradients for the experiment. 
(Erin Note: 4.13 and 4.14 were narration added by Authors after the initial VO was recorded [once they determined screen captures for 4.7 through 4.10 could not be generated].)
4.13. EPR signal intensity is directly proportional to the microwave field in the resonator that causes the spin to go from one energy level to the next. This microwave field is named B1.  B1 is proportional to the square root of microwave power.  As microwave power is quadrupled, B1 is doubled.  In this figure, the power is quadrupled from 8 to 32 mW and B1 is doubled from 18 to 36 mG [1-SCREEN].  

4.13.1. To be provided by Auhors-JOVEscreencastwithannotation.mp4 @0:00-1:34 (showing mHCTPO.png)
4.14. A power saturation curve can be constructed by plotting relative amplitude as a function of the square root of microwave power, or if the resonator efficiency is known, B1.  The region of this curve that is linear shows the power region where the EPR signal is not saturated or distorted. One of the advantages of a rapid scan experiment, is that the linear power range is extended--represented by the colored dots--in comparison to the regular CW experiment--represented by the black dots [1-SCREEN]. 

4.14.1. To be provided by Auhors-JOVEscreencastwithannotation.mp4 @1:35-2:27 (showing Fig 3 Power Saturation)

5. Results: 2D RS-EPRI Phantom Images 
5.1. Shown here is a 2 dimensional spectral-spatial image of phantoms consisting of a BMPO-OH adduct separated by 3 millimeters at a concentration of 5 micromolar [1-LM].  A slice through the image shows the spectral shape at 250 MegaHertz [2-LM].
5.1.1. 54068_Eaton_Figure1 - Editors, please zoom into the top portion of figure 1 as narrated.
5.1.2. 54068_Eaton_Figure1 - Editors, staying zoomed in, please slide down to the portion of figure 1.
5.2. This image shows the N-fourteen nitronyl (pronounced as “nahy-tron-ill”) radical, which can be used for trapping nitric oxide in vivo in a phantom where a 1.5 millimeter thick wall separates two sample chambers [1-LM].  The spectral shape at 250 MegaHertz is shown here [2-LM].
5.2.1. 54068_Eaton_Figure2 - Editors, please zoom into the top portion of figure 2 as narrated.
5.2.2. 54068_Eaton_Figure2 - Editors, staying zoomed in, please slide down to the portion of figure 2.
5.3. The two dimensional image of pH sensitive triaryl (pronounced as “trahy-ar-il”) methyl radicals [1-LM] reflects the difference in spectral features when the phosphate buffer ph equals 7.0 [2-LM] or the pH equals 7.4 [3-LM].
5.3.1. 54068_Eaton_Figure3 – Authors, please provide a version of this figure without the A-C labels and with the pH labeled on the bottom spectra - Editors, please start zoomed into the top image in figure 3.
5.3.2. 54068_Eaton_Figure3 - Editors, please zoom out to the full figure and highlight the left, bottom plot as this point is narrated.
5.3.3. 54068_Eaton_Figure3 - Editors, please highlight the right bottom plot as this point is narrated.
5.4. This image shows N-fifteen di-nitroxide in a two-compartment phantom with a 10 millimeter spacer.  Initially both compartments contain 0.5 milliMolar probe [1-LM]. 
5.4.1. 54068_Eaton_Figure4 - Editors, please zoom into the top portion of figure 4 as narrated.
5.5. Addition of glutathione to the di-nitroxide breaks the reduced linker region and produces two mono-nitroxides, a change that is reflected in the two dimensional image [1-LM]. 
5.5.1. 54068_Eaton_Figure4 - Editors, staying zoomed in, please slide down to the portion of figure 4.
6. Conclusion (said by authors on camera)
6.1. Sandra Eaton:  The development of RS-EPR is a paradigm change for the study of paramagnetic species.  Applications range from the low-frequency imaging examples demonstrated today to cryogenic studies of transition metals at the X-band frequencies commonly used in EPR [1-MED]. 
6.1.1. Sandra speaks toward camera, interview style
6.2. Sandra Eaton:  For all samples we have measured so far, we have achieved improvements in signal-to-noise of as much as an order of magnitude, and much more in some cases [1-MED]. 
6.2.1. Sandra speaks toward 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.  

LAB MEDIA (LM):

54068_Eaton_Figure1  
54068_Eaton_Figure2  
54068_Eaton_Figure3 – Authors, please provide a version of this figure without the A-C labels and with the pH labeled on the bottom spectra 
54068_Eaton_Figure4

SCREEN Capture Movies:
54068_Eaton_SCREEN_4.7.1:  Screen capture movie as talent sets the number of points to 65536 and the time base to 10 nanoseconds.  Then talent sets the number of averages to 10,000 for a strong or narrow signal, and to 45,000 for a broad or weak signal.
54068_Eaton_SCREEN_4.8.1:  Screen capture movie as talent presses the “engage” button in the software to send the experimental parameters from the software to the console and energize the main field magnet.
54068_Eaton_SCREEN_4.9.1:  Screen capture movie as talent sets the main magnetic field to 9 milliTesla.  Then talent sets the power attenuation knob to 50 decibels, and turns on the 7 Watt high power amplifier.
54068_Eaton_SCREEN_4.10.1:  Screen capture movie as talent turns on the rapid scan coil driver with a scan frequency of 6.8 kilo Hertz and a scan width of 7 milliTesla.
54068_Eaton_SCREEN_4.11.1:  Screen capture movie as talent performs a power saturation curve on a standard nitroxide radical sample under the same experimental conditions.
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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