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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) NO  (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) YES 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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

4.1, 4.3, 4.4, 4.5, 4.6, 4.9
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 to be filmed by their protocol numbers. (Please do not list an entire section.) 
The most difficult part of the procedure is ensuring the instrument is set up correctly. 

4.1 - 4.7 

E.  Will the filming need to take place in multiple locations? (Y/N) YES If yes, how far apart are the locations? One floor down.

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 this technique is to be able to quantify different metalloproteins in complex standards based on the use of known metalloprotein standards. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Blaine Roberts: This method can help answer key questions in the inorganic biochemistry field, such as how does the metal status of a protein change during disease [1.1.1 – MED]. 
1.1.1. Blaine speaks toward the camera, interview style.

1.2. Blaine Roberts: The main advantage of this technique is that by using native techniques metalloproteins can be identified and quantified with their metals intact [1.2.1 – MED]. 
1.2.1. Blaine speaks toward the camera, interview style. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Blaine Roberts: [1.3.1 – MED] Demonstrating the procedure will be Amber Lothian, a graduate student from my laboratory [1.3.2 – MED]. 

1.3.1. Blaine speaks toward the camera, interview style. 

1.3.2. Amber looks up from workbench or desk and acknowledges the camera.

Protocol (read by voice talent at JoVE):
Editors, please use a zoom bubble to highlight the action begin performed in the SCREEN capture movies.

2. Bulk analysis of metalloprotein standards using inductively coupled plasma – mass spectrometry (ICP-MS)
2.1. To begin, homogenize tissue or cell culture samples by manual dounce or sonication for 5 minutes using Tris buffered saline [2.1.1 – MED – TXT].
2.1.1. Talent homogenizes the samples by manual dounce or sonication using Tris buffered saline.  Include a labeled container of Tris buffered saline in the shot.  TEXT Overlay:  see text for Tris buffered saline recipe 
2.2. Clarify homogenates by centrifugation at 16,000 x g for 5 minutes [2.2.1 – MED-over the shoulder].  After collecting the resulting supernatant, normalize the total amount of protein by determining the protein concentrations as described in the text protocol [2.2.2 – MED].
2.2.1. Talent places the homogenates into the centrifuge, shuts the lid and starts the run.
2.2.2. Talent works at a UV-spectrophotometer to determine the protein concentrations.
2.3. Warm-up and tune the inductively coupled plasma – mass spectrometer using the manufacturer’s protocols [2.3.1 – BROLL].
2.3.1.    Inductively coupled plasma – mass spectrometer as talent warms it up and tunes it.
2.3.2. [added] plasma injection
2.4. Dilute the metalloprotein standards to ensure they fall within the range of 0 to 500 micrograms per liter, using 1% nitric acid [2.4.1 – MED-over the shoulder].  To achieve standards within this range, do not use dilutions exceeding 1 in 20 [2.4.2 – CU].  
2.4.1. Talent dilutes the standards to ensure they fall within the range of 0-500 micrograms per liter using 1% nitric acid.  Use labeled containers.  Continue action in next shot.
2.4.2. Standards as talent works to prepare them.
2.5. Set up the order of injections by first analyzing the seven calibration levels: concentrations ranging from 0 to 500 micrograms per liter, followed by the metalloprotein standards.  The seven calibration levels are 0, 1, 5, 10, 50, 100 and 500 micrograms per liter [2.5.1 – SCREEN].
2.5.1. *To be provided by the authors - 53737_Roberts_SCREEN_2.5.1: Screen capture movie as talent sets up the order of injections by entering in the seven calibrations levels and then the metalloprotein standards.
2.6. Next, select elements of interest.  Here, use iron, copper, zinc, cobalt and iodine, as they are the elements that the protein standards are bound to [2.6.1 – MED-over the shoulder].  
2.6.1. Talent, working at the computer, begins to select the elements of interest.
2.7. Select the elements in the acquisition method by opening the element selector tab and adding the elements and their respective isotope masses that are to be analyzed [2.7.1 – SCREEN].
2.7.1. *To be provided by the authors - 53737_Roberts_SCREEN_2.7.1: Screen capture movie as talent selects the elements in the acquisition method by opening the element selector tab and adding the elements and their respective isotope masses that are to be analyzed.
2.8. Then, perform sample analysis with the instrument [2.8.1 – MED-over the shoulder].  The instrument software automatically creates the calibration curves for each of the elements being analyzed.  Use the calibration curves to determine the concentration of metal in the unknown samples [2.8.2 – SCREEN]. 
2.8.1. Talent starts the sample analysis.
2.8.1.1. [added] start of auto samples
2.8.2. To be provided by the authors - 53737_Roberts_SCREEN_2.8.2: Screen capture movie as the automatically generated calibration curves for each of the elements being analyzed begin to appear (or talent displays them one-by-one).
2.9. From the bulk analysis results, generate the metalloprotein standards that include the three most abundant trace elements in mammalian tissues using a mixture of copper/zinc superoxide dismutase and ferritin [2.9.1 – MED – TXT].
2.9.1. Talent prepares the metalloprotein standards.  TEXT Overlay: SOD at 200 µg/L of copper and zinc, FTN at 2000 µg/L of iron.
3. HPLC system setup and size exclusion chromatography column equilibration
3.1. Purge the high performance liquid chromatography, or HPLC, pumps with 200 milliMolar ammonium nitrate buffer for 5 minutes at a flow rate of 5 milliliters per minute [3.1.1 – MED – TXT].
3.1.1. Talent purges the pumps at a flow rate of 5 milliliters per minute.  Use labeled containers.  TEXT Overlay:  see text protocol for buffer recipe
3.2. Once the system is purged, set the flow rate at 0.1 milliliters per minute and connect the size exclusion column [3.2.1 – MED-over the shoulder – TXT].  Connect the opposite end of the column to the UV detector set to measure absorbance at 280 nanometers using PEEK tubing [3.2.2 – CU]. 
3.2.1. Talent sets the flow rate and connects the size exclusion column.  TEXT Overlay: 4.6x300 mm, 3 μm, 150 Å
3.2.2. Size exclusion column as talent connects the opposite end of the column to the UV detector using peek tubing.
3.3. Gradually increase the flow rate of the column in increments of 0.1 milliliters per minute until a final flow rate of 0.4 milliliters per minute is reached [3.3.1 – MED-over the shoulder].  While this is occurring, check the tubing connections to the column for any leaks [3.3.2 – CU].
3.3.1. Talent gradually increases the flow rate of the column in increments of 0.05 to 0.1 mL/min.
3.3.2. Column/tubing connections as talent touches it to check for leaks.
3.4. Monitor the pressure of the system to ensure it does not exceed the column requirements by observing the pressure trace on the chromatogram in the software [3.4.1 – MED-over the shoulder].
3.4.1. Talent monitors the pressure of the system on the software.
3.5. Leave the column to equilibrate at the required flow rate over 5 to 10 column volumes [3.5.1 – MED].  After it is equilibrated, connect the instruments to allow sample analysis to occur [3.5.2 – CU].  Set up the HPLC method to pump buffer A over the column at 0.4 milliliters per minute for 15 minutes [3.5.3 – SCREEN]. 
3.5.1. Talent works at the coupled computer to set the column to equilibrate.
3.5.2. Instruments as talent connects them to the column.
3.5.3. *To be submitted by authors – 53737_Roberts_SCREEN_3.5.3:  Screen capture movie as talent sets up the HPLC method to pump buffer A over the column at 0.4 mL/min for 15 minutes.
4. Setting up and running size exclusion – inductively coupled plasma – mass spectrometry (SEC-ICP-MS)
4.1. Place the ICP-MS into standby mode before changing the hardware setting [4.1.1 – MED-over the shoulder].  Once in standby mode, turn off the communication for the auto sampler and change the sample introduction to “other” [4.1.2 - SCREEN]. 
4.1.1. Talent places the ICP-MS into standby mode before changing the hardware setting.
4.1.2. *To be submitted by authors – 53737_Roberts_SCREEN_4.1.2:  Screen capture movie as talent turns off the communication for the auto sampler and changes the sample introduction to “other.”
4.2. Use PEEK tubing to connect the out flow from the UV detector directly to the nebulizer on the ICP-MS [4.2.1 – CU – TXT].  Power up the ICP – MS and allow the instrument to warm up for 10 to 20 minutes [4.2.2 – MED-over the shoulder]. 
4.2.1. PEEK tubing as talent connects the outflow from the UV detector directly to the nebulizer on the ICP-MS.  TEXT Overlay: ID 0.13 mm Use 3.5.2
4.2.2. Talent powers back up the ICP – MS to allow the instrument to warm up. Use 2.3.1
4.3. After the plasma has ignited, connect the remote cable from the ICP – MS to the back of the HPLC autosampler [4.3.1 – MED].  Do this once the plasma has ignited, otherwise the HPLC system will automatically shut down since the ICP – MS is not on [4.3.2 – CU].
4.3.1. Talent motions to connect the remote cable from the ICP – MS to the back of the HPLC autosampler.  Continue action in next shot.
4.3.2. [combined with 4.3.1] Remote cable as talent connects to the back of the HPLC autosampler.
4.4. Change the ICP-MS method to collect data for LC-ICP-MS by first altering the acquisition method from spectrum to time resolve acquisition [4.4.1 – SCREEN].
4.4.1. *To be submitted by authors – 53737_Roberts_SCREEN_4.4.1:  Screen capture movie as talent changes the ICP-MS method to collect data for LC-ICP-MS by altering the acquisition method from spectrum to time resolve acquisition.
4.5. Then, select the elements to be analyzed: iron, copper, zinc, cobalt, iodine, as well as any other elements of interest, and set integration times.  After the elements of interest are chosen, adjust the acquisition time to match the run time for the chromatography [4.5.1 – SCREEN].
4.5.1. *To be submitted by authors – 53737_Roberts_SCREEN_4.5.1:  Screen capture movie as talent selects the iron, copper, zinc, cobalt, iodine elements to be analyzed and sets the integration times.  Then talent adjusts the acquisition time to match the run time for the chromatography.
4.6. Manually tune the ICP – MS for sensitivity and collision cell helium gas flow rates with the chromatography buffer flowing with cesium and antimony included in the buffer [4.6.1 – MED-over the shoulder – TXT].
4.6.1. Talent manually tunes the ICP – MS for sensitivity and collision cell helium gas flow rates with the chromatography buffer flowing with cesium and antimony included in the buffer.  Use labeled containers.  TEXT Overlay: He flow rates ~1 mL/min < flow rates for bulk analysis
4.7. Once the metal ion counts have stabilized and relative standard deviation values are below 5%, the system is ready to use [4.7.1 – MED].
4.7.1. Talent checks that the ion counts have stabilized and the RSD values are < 5%.   
4.8. Make sample run lists in both the HPLC and ICP-MS software programs.  The sample run list contains the order in which each of the samples is to be injected as well as the name by which the data will be saved.  Check that the total number of samples in the list match between the two programs [4.8.1 – SCREEN].
4.8.1. *To be submitted by authors – 53737_Roberts_SCREEN_4.8.1:  Screen capture movie as talent makes sample run lists in both the HPLC and ICP-MS software programs.  
4.9. Start the sample batch for the ICP-MS before the HPLC, as injection of the sample by the HPLC will trigger the ICP – MS to start collecting data.  If this is not done in the correct order it will result in missing data [4.9.1 – MED-over the shoulder].
4.9.1. Talent starts the sample batch for the ICP-MS before the HPLC.
4.10. Generate calibration curve points by injecting varying volumes of the superoxide dismutase and ferritin mixed standard.  Injection volumes range from 1 microliter to 30 microliters [4.10.1 – CU – TXT].  
4.10.1. Syringe as talent injects the SOD/FTN mixed standard onto the instrument.  TEXT Overlay: SOD and FTN mixed standard from 200 µg/L - 6000 µg/L for Cu & Zn and 2000 µg/L - 60,000 µg/L for Fe
4.11. Finally, analyze each of the unknown samples such as tissue, plasma or cell culture before analyzing the data as described in the text protocol [4.11.1 – WIDE or MED].
4.11.1. Talent works at the computer to analyze the samples.
5. Results: Quantitative metalloproteomic analysis using size exclusion ICP-MS
5.1. The elution of ferritin over a range of 2,000-60,000 picograms of iron injected on the column is shown [5.1.1 – LM]; regression analysis was performed using peak area [5.1.2 – LM].
5.1.1. 53737_Roberts_Figure 2A+D – Authors, please provide a separate figure with plots 2A and 2D only.  Set them up with 2A on the left and 2D on the right without the “A” and “D” label.  Editors, please highlight the left plot as this part of the sentence is narrated.
5.1.2. 53737_Roberts_Figure 2A+D.  Editors, please highlight the right plot as this part of the sentence is narrated.
5.2. The elution profiles for copper/zinc superoxide dismutase are shown for both copper [5.2.1 – LM] and zinc [5.2.2 – LM].  The regression analyses generated using peak areas is also shown [5.2.3 – LM].  The results of the regression analysis are used to convert the raw data in counts per second to picograms per second so that the amount of metal associated with the protein can be determined quantitatively [5.2.4 – LM].  
5.2.1. 53737_Roberts_Figure 2B+2C+2E+2F – Authors, please provide a separate figure with the plots for 2B+2C+2E+2F only, without the letter labels.  Set them up in the same way they appear at the bottom of figure 2 with the elution profiles on the left and the regression analyses on the right.  Editors, please highlight the top left plot labeled CU63 CPS as this is narrated.  
5.2.2. 53737_Roberts_Figure 2B+2C+2E+2F.  Editors, please highlight the bottom left plot labeled Zn66 CPS as this is narrated.  
5.2.3. 53737_Roberts_Figure 2B+2C+2E+2F.  Editors, please highlight the top and bottom plots on the right as this is narrated.
5.2.4. 53737_Roberts_Figure 2B+2C+2E+2F. 
5.3. This technique can be used to identify metalloproteins in complex biological samples.  Here, human brain separated by SEC-ICP-MS is shown, each of which represent a different metal of interest [5.3.1 – LM], namely copper [5.3.2 – LM], zinc [5.3.3 – LM] or iron [5.3.4 – LM].
5.3.1. 53737_Roberts_Figure 3 – Authors, please provide a version of this figure without the A, B and C labels.  
5.3.2. 53737_Roberts_Figure 3.  Editors, please highlight the CPS Cu63 plot as this is narrated.
5.3.3. 53737_Roberts_Figure 3.  Editors, please highlight the CPS Zn66 plot as this is narrated. 
5.3.4. 53737_Roberts_Figure 3.  Editors, please highlight the CPS Fe56 plot as this is narrated.
5.4. Shown here are the traces obtained when human plasma is subjected to this technique.  The complexity and abundance of the sample will impact the number of peaks that are seen.  As expected, plasma is dominated by a few metalloproteins including ceruloplasmin (pronounced as “suh-roo-luh-plaz-min”) and transferrin [5.4.1 – LM]. 
5.4.1. 53737_Roberts_Figure 4 – Authors, please provide a version of this figure without the A, B and C labels label the ceruloplasmin and transferrin peaks.
6. Conclusion (said by authors on camera)
6.1. Blaine Roberts: After watching this video, you should have a good understanding of how to successfully set up the instrument and how it can be used to quantify metalloproteins in complex samples [6.1.1 – MED].
6.1.1. Blaine speaks toward the camera, interview style.
6.2. Blaine Roberts: Once mastered, this technique can be done in 3 to 4 hours if it is performed properly and this would allow for 20 to 36 samples to be analyzed per day [6.2.1 – MED].
6.2.1. Blaine speaks toward the camera, interview style.
6.3. Blaine Roberts: While attempting this procedure, it’s important to remember to include the appropriated metalloproteins standards as well some kind of internal standard in the buffer to monitor the system for any loss of sensitivity [6.3.1 – MED].
6.3.1. Blaine speaks toward the camera, interview style.
6.4. Blaine Roberts: Following this procedure, other methods like mass spectrometry can be performed in order to answer additional questions like what is the metalloprotein that is present [6.4.1 – MED].  
6.4.1. Blaine speaks toward the camera, interview style.
6.5. Blaine Roberts: This can be determined by protein digestion and mass spectrometry analysis, and then confirmed using intact mass spectrometry to see the metalloprotein complex [6.5.1 – MED]. 
6.5.1. Blaine speaks toward the camera, interview style.
6.6. Blaine Roberts: After its development, this technique paved the way for researchers in the field of proteomics to explore the role of metals in neurodegenerative diseases such as Alzheimer’s disease [6.6.1 – MED]. 
6.6.1. Blaine speaks toward the camera, interview style.
6.7. Blaine Roberts: Don't forget that working with concentrated nitric acid and clinical samples can be hazardous and precautions such as wearing personal protective gear should always be taken while performing this procedure [6.7.1 – MED].
6.7.1. Blaine speaks toward the 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.  

Insert your media filenames here.

LAB MEDIA:
53737_Roberts_Figure 2A+D – Authors, please provide a separate figure with plots 2A and 2D only.  Set them up with 2A on the left and 2D on the right without the “A” and “D” label.  
53737_Roberts_Figure 2B+2C+2E+2F – Authors, please provide a separate figure with the plots for 2B+2C+2E+2F only, without the letter labels.  Set them up in the same way they appear at the bottom of figure 2 with the elution profiles on the left and the regression analyses on the right.   
53737_Roberts_Figure 3 – Authors, please provide a version of this figure without the A, B and C labels.  
53737_Roberts_Figure 4 – Authors, please provide a version of this figure without the A, B and C labels label the ceruloplasmin and transferrin peaks.
SCREEN:
53737_Roberts_SCREEN_2.5.1: Screen capture movie as talent sets up the order of injections by entering in the seven calibrations levels and then the metalloprotein standards.
53737_Roberts_SCREEN_2.7.1: Screen capture movie as talent selects the elements in the acquisition method by opening the element selector tab and adding the elements and their respective isotope masses that are to be analyzed.
53737_Roberts_SCREEN_2.8.2: Screen capture movie as the automatically generated calibration curves for each of the elements being analyzed begin to appear (or talent displays them one-by-one).
53737_Roberts_SCREEN_3.5.3:  Screen capture movie as talent sets up the HPLC method to pump buffer A over the column at 0.4 mL/min for 15 minutes.
53737_Roberts_SCREEN_4.1.2:  Screen capture movie as talent turns off the communication for the auto sampler and changes the sample introduction to “other.”
53737_Roberts_SCREEN_4.4.1:  Screen capture movie as talent changes the ICP-MS method to collect data for LC-ICP-MS by altering the acquisition method from spectrum to time resolve acquisition.
53737_Roberts_SCREEN_4.5.1:  Screen capture movie as talent selects the iron, copper, zinc, cobalt, iodine elements to be analyzed and sets the integration times.  Then talent adjusts the acquisition time to match the run time for the chromatography.
53737_Roberts_SCREEN_4.8.1:  Screen capture movie as talent makes sample run lists in both the HPLC and ICP-MS software programs.  
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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