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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N) N/A
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) YES, it includes descriptions of some software interfaces used to control equipment.
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.12 – The insertion of the cup, the removal of the wand, checking that the cup was released and closing the turret doors occur in a few seconds. I think all that can be capture on a single scene.
2.17, 2.18 and 2.19 – All these steps are required to prepare the system to run a dissolution. They occur in a relatively short period of time but is not as fast as the previous point.
2.23 and 2.24 – The ejection of the hyperpolarized solution into the flask and taking the sample that is going to be quickly transferred to the fast field cycling relaxometer also occur in a relatively short period of time.
3.8 It is important to capture the coordination between the person carrying the hyperpolarized sample and the person controlling the relaxometer. The data acquisition needs to start before the sample is introduced into the relaxometer to avoid a null magnetic field.


4. 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.)
The most difficult aspect of this procedure is the reproducibility. It is important to have control and keep records of experimental parameters such as temperatures, concentrations, weights and volumes. The most critical steps could be 2.1 (concentration of [1-13C]pyruvate and OX063), 2.7 (preparation of dissolution media), 3.1 (tip angle calibration of field cycled relaxometer) and 3.2 (use of shim coil).

5. Will the filming need to take place in multiple locations? (Y/N) Yes, the experiment takes place in two adjacent rooms within the same building.
· If yes, how far apart are the locations? The hyperpolarized agents are produced in a lab and then rapidly transferred (student runs) approximately 25m to another room for measurement in the relaxometer.



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Soojin Kim: We want to estimate the loss of polarization that occurs during transport of a hyperpolarized solution from the hyperpolarizing equipment to the MRI scanner as it traverses through different magnetic fields [1].  

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

1.2. Soojin Kimn: Our technique estimates the Spin-Lattice relaxation time of hyperpolarized solutions at low magnetic fields with high accuracy [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Timothy Scholl: This method is not limited to Dynamic Nuclear Polarizations and can be used to estimate the T1 relaxation time of Parahydrogen Induced Polarizations and other hyperpolarization techniques [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

1.4. Francisco Martinez: When performing this technique, ensure that the hyperpolarized sample doesn’t cross or stay at a null-field spot in space for any period of time; otherwise you may completely lose the polarization [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

Authors, the introduction of demonstrator is not needed since both demonstrators will be introduced with on-screen text as they speak in the introduction.


Section - Protocol
2. Sample Preparation
2.1. Prepare 1 milliliter of stock carbon-thirteen-enriched pyruvic acid solution, widely used for in vivo research, consisting of 15-millimol per liter of triarylmethyl radical dissolved in [1-13C]pyruvic acid (One Thirteen “C” Pyruvic Acid) [1].
2.1.1. MED: Talent works to prepare 1 milliliter of stock Carbon-thirteen-enriched pyruvic acid solution. Use labeled containers whenever possible for viewer clarity.
2.2. On the dynamic nuclear polarizer software interface, click on the Cooldown button to lower the temperature of the variable temperature insert to 1.4 Kelvin [1].
2.2.1. LAB MEDIA: Screen_2_2_1.mp4 - TEXT: DNP = dynamic nuclear polarizer, VTI = variable temperature insert 
2.3. Once the DNP has reached the desired temperature, load 10 microliters of the stock solution in a sample cup [1]. Open the turret doors and insert the cup into the VTI using an insertion wand specifically designed for this task [2].
2.3.1. CU: Sample cup as talent loads 10 microliters of the stock solution in a sample cup.
2.3.2. CU: VTI as talent opens the doors and inserts the cup using an insertion wand. 
2.4. Quickly extract the wand and make sure the cup is released [1]. Then close the turret doors and allow the temperature of the VTI to return to 1.4 Kelvin [2].
2.4.1. CU: Cup as talent extracts the wand and makes sure that the cup was released.
2.4.2. CU: VTI as talent closes the turret doors.
2.5. Meanwhile, prepare the DNP to run a microwave sweep in order to find the optimal radio-frequency for hyperpolarization of the stock solution [1-TXT]. 
2.5.1. MED: Talent works at the computer controlling the spectrometer. TEXT: See text for step-wise process
2.6. At the end of the microwave sweep, recover the sample [1]. Then, set the system in “idle” and record the optimal frequency where the maximum polarization is achieved [2].
2.6.1. Talent recovers the sample.
2.6.2. Talent sets the system to in “idle,” and begins to record the optimal frequency where the maximum polarization is achieved.
2.7. This optimal frequency is defined as the polarization frequency that provides the maximum polarization. This frequency will be used for hyperpolarizing all the aliquots obtained from that specific stock solution of pyruvic acid [1].
2.7.1. LAB MEDIA: Figure_2_Microwave_Sweep.eps
2.8. Prepare 250 milliliters of stock dissolution medium as described in the text protocol and add EDTA at a concentration of 100 milligrams per liter to sequester any metal ion contamination [1-TXT].
2.8.1. CU: Talent works to prepare the stock dissolution medium. Use labeled containers whenever possible for viewer clarity. TEXT: EDTA = ethylenediaminetetraacetic acid 
2.9. Also, prepare 500 milliliters of stock cleaning solution consisting of 100 milligrams per liter EDTA dissolved in deionized water. Approximately 10 milliliters of this cleaning solution is used after each polarization to clean the dissolution path of the DNP [1].
2.9.1. MED: Talent works to prepare the stock cleaning solution by dissolving EDTA in water. Use labeled containers whenever possible for viewer clarity.
2.10. Cool the DNP apparatus to 1.4 Kelvin in preparation of hyperpolarizing a [1-13C]pyruvic acid (One Thirteen “C” Pyruvic Acid) sample by selecting the Cooldown button in the DNP main window [1].
2.10.1. Talent selects the Cooldown button in the DNP main window.
2.11. Weigh out 30 milligrams of the prepared pyruvic acid stock solution in a sample cup [1]. When the desired VTI temperature is achieved, click on Insert Sample, select Normal Sample, and then click on Next [2].
2.11.1. CU: Sample cup as talent weighs out 30 mg of the prepared pyruvic acid stock solution.
2.11.2. LAB MEDIA: Screen_2_10_1.mp4
2.12. Following the safety precautions displayed on the screen, insert the cup in the cold DNP apparatus, using a long wand specifically designed for this task. Once the cup is inserted, remove the wand and close the DNP doors [1].
2.12.1. CU: Cup as talent inserts it into the cold DNP apparatus using the wand, removes the wand, and closes the DNP doors. Videographer, the authors consider this shot important for filming.
2.13. On the DNP software interface, click Next and then Finish [1]. 
2.13.1. MED-over the shoulder: Screen as talent clicks Next and then Finish.
2.14. Wait until the temperature has returned to 1.4 Kelvin and then click on the Polarize Sample button. In the new pop up window, set the frequency value to that obtained from the microwave sweep. In the same window, set the power to 50 milliWatts and the sampling time to 300 seconds. Click on Next, check the Enable Build-up Monitoring box, and then click on Finish [1].
2.14.1. LAB MEDIA: Screen_2_13_1.mp4
2.15. Polarize until the build-up of the solid-state magnetization reaches at least 95% of maximum [1-TXT]. 
2.15.1. MED-over the shoulder: Screen as talent watches the polarization. TEXT: Prepare the fast-field-cycling relaxometer during this time
2.16. When the desired polarization is achieved, click on Run Dissolution. Under Method, select Pyruvic Acid Test and then click on Next [1].
2.16.1. LAB MEDIA: Screen_2_15_1.mp4
2.17. Following the instructions on the screen, open the DNP turret doors [1].
2.17.1. MED-over the shoulder or CU: DVP as talent opens the turret doors. Videographer, the authors consider this shot important for filming.
2.18. Load the heating and pressurizing chamber at the top of the apparatus with approximately 4.55 milliliters of the dissolution medium. This produces a concentration of 80 millimol per liter pyruvate upon dissolution at a pH of 7.75 and a temperature of 37 degrees Celsius [1]. 
2.18.1. CU: Chamber as talent loads with approximately 4.55 milliliters of the dissolution medium. Use labeled containers whenever possible for viewer clarity. Videographer, the authors consider this shot important for filming.
2.19. Position the recovering wand in the right position and close the turret doors [1]. On the DNP software interface, click on Next and then on Finish. At that point the dissolution media will be superheated until the pressure reaches 10 bar [2].
2.19.1. CU: DVP as talent positions the recovering wand in the right position and closes the turret doors. Videographer, the authors consider this shot important for filming.
2.19.2. LAB MEDIA: Screen_2_18_2.mp4
2.20. Once the 10 bar pressure is attained, the frozen and hyperpolarized pyruvate is automatically lifted from the liquid helium bath, quickly mixed, and thawed with the superheated dissolution media [1]. The mixture is then ejected through a capillary tubing into a pear-shaped flask [2]. 
2.20.1. Author comment: This CU was not filmed. Instead, a screen capture (Screen_2_20_1.mp4) will be sent showing a pressure bar changing from 0 to 10 bar.
2.20.2. CU: Instrument as the liquid is ejected through a capillary and collected in a flask. 
2.21. While the hyperpolarized pyruvate/dissolution media mixture is ejected, constantly swirl the flask to ensure a homogeneous mixture [1].
2.21.1. CU: Flask as it is swirled to ensure a homogeneous mixture. Videographer, the authors consider this shot important for filming.
2.22. When all the mixture has been ejected, quickly draw 1.1 milliliters of the liquid into a syringe [1]. Transfer the mixture to a pre-warmed 10-millimeter-diameter NMR tube, and rapidly transport to the field-cycling relaxometer [2].
2.22.1. CU: Syringe as talent quickly draws 1.1 mL of the liquid into the syringe. Videographer, the authors consider this shot important for filming.
2.22.2. CU: NMR tube as talent transfers the mixture there. Videographer, the authors consider this shot important for filming.
2.23. Immediately clean the DNP fluid path using clean dissolution medium followed by ethanol [1]. Then remove the cup and blow helium gas through fluid path to remove any remaining cleaning fluids and purge the path of oxygen [2]. Clean all glassware [3].
2.23.1. MED: Talent cleans the fluid path with clean dissolution medium followed by ethanol. Use labeled containers whenever possible for view clarity.
Added: 2.23.1A. Talent removes de cup.
2.23.2. MED: Talent blows helium gas through fluid path to remove remaining cleaning fluids and purges path of oxygen.
2.23.3. CU: Glassware as talent cleans it.
2.24. After each measurement, record the pH of the samples from the bench top spectrometer [1]. Also record the pH of the samples on the field-cycling relaxometer [2].
2.24.1. CU: Bench top spectrometer as talent records pH of samples.
2.24.2. MED-over the shoulder: Talent records the pH of the samples on the relaxometer.
3. Relaxometry
3.1. Prior to dissolution, the relaxometer flip angle must be calculated and the relaxometer must be setup and ready for measurement of the hyperpolarized solution [1-TXT].
3.1.1. WIDE: Talent works at the relaxometer, appearing to set it up. TEXT: See text for Flip-angle calibration
3.2. To perform T1-Measurements make sure the external shim coil is installed and energized. In the instrument software, select the Main par tab. Then, click on the cell next to the Experiment label and scroll down in the pop-up window to select the pulse sequence HPUB/S [1].
3.2.1A Added: A view of the shim coil
3.2.1. LAB MEDIA: Screen_3_2_1.mp4 – Video editors, please begin this video at 0:20.
3.3. Now, set the acquisition parameters; set Radio Frequency Attenuation to 25 decibels, Maximum “T” one to values between 3 and 5 seconds, Switching Time to 0.2 seconds, Recycle Delay to 0 seconds, and Relaxation Field to the desired relaxation field in MegaHertz [1].
3.3.1. LAB MEDIA: Screen_3_3_1.mp4 – Video editors, please use 0:00-0:30.
3.4. Then, select the Acquisition Parameters tab followed by the Basic sub-tab [1].
3.4.1. LAB MEDIA: Screen_3_3_1.mp4 – Video editors, please use 0:30-0:40.
3.5. Click on the cell next to the Nucleus label and scroll down in the pop-up window to select Carbon 13. Then, set System Frequency to 8 MegaHertz, Sweep Width to 1 MegaHertz, Block Size to 652, and Filter Bandwidth to 50,000 Hertz [1].
3.5.1. LAB MEDIA: Screen_3_4_1.mp4 – Video editors, please use 0:00-0:43.
3.6. Next, select the Configuration sub-tab [1]. Set the Ninety-degree pulse width time to the previously determined value, the Receiver inhibit time to 25 micro seconds, and the Acquisition delay time to 25 micro seconds [2]. 
3.6.1. LAB MEDIA: Screen_3_4_1.mp4 – Video editors, please use 0:43-0:48.
3.6.2. LAB MEDIA: Screen_3_5_1.mp4 – Video editors, please use 0:00-0:20.
3.7. Select the Pulse sub-tab and set the Main RF Pulse Flip Angle to 5 degrees. Then, select the Number of Dimensions sub-tab and set the Number of Blocks to 100. Wait and get ready to receive the hyperpolarized solution to initiate the data acquisition [1].
3.7.1. LAB MEDIA: Screen_3_5_1.mp4 – Video editors, please use 0:20-0:46.
3.8. Immediately before inserting the sample into the relaxometer, manually start the pulse sequence from the console, to avoid inserting the sample into a null magnetic field. For this reason, it is important to ignore the first Free Induction Decay, or FID, during the data analysis [1].
3.8.1. WIDE: Talent carrying the hyperpolarized sample and talent controlling the relaxometer. Talent on the relaxometer manually starts the pulse sequence immediately before the other talent inserts the sample. Videographer, the authors consider this an important shot for filming. It is important to capture the coordination between the person carrying the hyperpolarized sample and the person controlling the relaxometer. 
3.9. Soojin Kim: It is critical to start the data acquisition before the sample is introduced into the relaxometer to avoid a null magnetic field that will cause the loss of polarization [1].
3.9.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
3.10. Once the acquisition is done, save the data by clicking the Save button [1]. Using the analysis software, integrate the magnitude of each FID signal to produce a data series comprised of sample magnetization as a function of time [2].
3.10.1. MED-over the shoulder: Talent saves the data by clicking the Save button.
3.10.2. MED or WIDE: Talent works at the analysis computer.




Section – Results
4. Results: Results of Microwave Sweep, Polarization Decay, Curve Fitting to the Relaxation Curve, and NMRD Profile of Hyperpolarized [1-13C]pyruvate 
4.1. An example of a high-resolution full-range microwave sweep for pyruvic acid is shown [1]. For the presented case, that optimal microwave frequency corresponds to 94.128 GigaHertz [2].
4.1.1. LAB MEDIA: Figure_2_Microwave_Sweep.eps
4.1.2. LAB MEDIA: Figure_2_Microwave_Sweep.eps – Video editors, please emphasize in the figure insert.  
4.2. Shown here is a typical series of decaying FIDs as the hyperpolarized magnetization is sampled [1]. 
4.2.1. LAB MEDIA: Figure_5_Sequence_of_FIDs.eps
4.3. [bookmark: _GoBack]The relaxation curve for hyperpolarized [1-13C]pyruvate (One Thirteen “C” Pyruvate) was obtained from the data of the previous figure [1]. Each blue point on the curve represents the area under an FID [2]. 
4.3.1. LAB MEDIA: Figure_6_Curve_Fitting_and_Residuals.eps
4.3.2. LAB MEDIA: Figure_6_Curve_Fitting_and_Residuals.eps – Video editors, please emphasize the blue data points.
4.4. The T1 value of 53.9 plus or minus 0.6 seconds was obtained by a non-linear least-squares fit of the signal equation to the decay curve data, which included the effects of the flip angle used for excitation [1]. 
4.4.1. LAB MEDIA: Figure_6_Curve_Fitting_and_Residuals.eps – Video editors, please emphasize the red fit curve.
4.5. The T1 results for all 26 measurements over a range of 0.237 milliTesla to 0.705 Tesla at 37 degrees Celsius are shown. Each T1 measurement at a given relaxation field is a separate hyperpolarized dissolution from the DNP apparatus [1]. 
4.5.1. LAB MEDIA: Figure_7_NMRD_Hyperpolarized_Pyruvate.eps
4.6. The solid line represents the formula… [1] and the dashed lines represent the 95% confidence bands [2]. 
4.6.1. LAB MEDIA: Figure_7_NMRD_Hyperpolarized_Pyruvate.eps – Video editors, please emphasize the solid line.
4.6.2. LAB MEDIA: Figure_7_NMRD_Hyperpolarized_Pyruvate.eps – Video editors, please emphasize the dashed line.
4.7. Analysis of the results showed that the relaxation time for the C-1 nucleus is 46.9 seconds at earth’s magnetic field compared with 65 seconds at 3 Tesla, which represents a decrease of 28% [1]. 
4.7.1. LAB MEDIA: Figure_7_NMRD_Hyperpolarized_Pyruvate.eps



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Soojin Kim: It is important to install and energize the external shim coil and to start the acquisition right before inserting the sample to avoid null fields and the potential loss of polarization [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
5.2. Timothy Scholl: Following this procedure, the same procedure could be performed using deuterated dissolution media to extend the Spin-Lattice relaxation time of the hyperpolarized solution [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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