Submission ID #: 52479
Editor Name: Brigid Stadinski
Videographer name: Yannick Carbonnaux
Film Date: 11/18/2014
Authors and Affiliations: 
Frédéric Moynier1 and Marie Le Borgne2
1Institut de Physique du Globe de Paris, Institut Universitaire de France, Université Paris, Diderot, Sorbonne Paris Cité, Paris, France

2INSERM (Institut National de la Santé et de la Recherche Médicale), U1148: Laboratory for Vascular Translational Science, Université Paris Diderot, Sorbonne Paris Cité, Paris, France
Title: High Precision Zinc Isotopic Measurements Applied to Mouse Organs

Corresponding Author: 

Moynier, Frédéric

Institut de Physique du Globe de Paris

Institut Universitaire de France

Université Paris Diderot, Sorbonne Paris Cité

Paris, France

moynier@ipgp.fr

Co-authors:
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 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)____N____ 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 using the step numbers listed in this document. _________________Sections 2 and 3__________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___________________________

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

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 measure zinc isotope ratios in mouse organs with high precision. (Intro)
This is accomplished by first dissolving the different organs in acids to free all the atoms in solution, followed by solution evaporation.  The dried material is then resuspended in hydrogen bromide. (P1)
Editors, please use “Jove-graphics” for the schematic images.  For this point, use the images on page 1 and 2.  Animate the heart going into the beaker and then the HNO3 and H2O2 being added as a liquid.  Then, move the beaker to a hot plate with heat waves emanating from it and show the evaporation, or disappearance of the orange liquid, leaving a residue behind.  For the final sentence, animate the addition of HBr as a liquid and the disappearance on the residue as it dissolves in the liquid as shown on page 2.
Ion exchange chromatography is then used to purify the zinc from all the other elements of the sample using a conditioned gravity column.  Zinc is eluted from the resin using nitric acid. (P2)
Editors, please use “Jove-graphics” for the schematic images.  For this point, use the images on page 4 and 5.  For the first sentence, please animate the addition of sample in a pipette tip to the conditioned column and the dripping out of liquid from the bottom into a beaker as shown on page 4.  Then for the second sentence show the addition of the yellow HNO3 as a liquid to the column and the dripping of liquid out the bottom of the column into the beaker with the words “collection of zinc” as shown at the bottom of page 5 (skip the step at the top of page 5 for simplicity). 
The final step is to measure the zinc isotope ratios using a multi-collection inductively-coupled-plasma mass-spectrometer (P4).
Editors, please use the simple illustration of a mass spec from DAM resource ID #3536 as this point is narrated.  To animate, the sample resuspended in HNO3 as shown at the bottom of page 6 of “Jove-graphics” can be brought over to the blue circle on the machine to indicate it is being injected.
Ultimately, the isotopic composition is used to diagnose diseases that modify the zinc balance of the body through measuring the equilibrium distribution of zinc isotopes in different organs. (P5)
Editors, please show figure 1 as this point is narrated.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Frederic Moynier: Though this method has been developed to provide insight into the natural distribution, speciation, and transport mechanisms of zinc between mouse organs, it can be applied to any animals and it can ultimately be used to diagnose diseases that modify the balance of zinc between organs, such as Alzheimer disease. 

1.1.1. MED:  Frederic speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):
2. Chemical purification

2.1. Begin this procedure with preparation of the materials and the sample as detailed in the text protocol.  
2.1.1. Title Card
2.2. To perform chemical purification, work in a fume hood to make a mixture of approximately 1 milliliter of 30% hydrogen peroxide and approximately 1 milliliter of concentrated nitric acid. 
2.2.1. MED:  Talent works in a fume hood to mix hydrogen peroxide and concentrated nitric acid.  Use labeled containers.
2.3. Place the whole organ of interest into a 15 milliliter Teflon beaker.  Then, add the mixture to the beaker.  Keep the beaker open for a few minutes in order to avoid splashes due to the reaction of oxidation of the organic matter and the release of carbon dioxide. 
2.3.1. MED-over the shoulder:  Talent places the whole organ into a 15 mL Teflon beaker.
2.3.2. CU:  Beaker as talent adds the mixture to the beaker and leaves it open.  Film for a moment to show the reaction occurring.
2.4. Finally, put the beaker on a hot plate at about 100 degrees Celsius for a couple of hours or until the solution is perfectly clear. 
2.4.1. MED-over the shoulder:  Talent places the beaker onto the hot plate.
2.5. Next, open the beaker and dry the solution on a hot plate at about 100 degrees Celsius.  Once the sample is dry, add 1 milliliter of hydrogen bromide to the sample.  Close the beaker and let it dissolve on a hot plate at 100 degrees Celsius for a couple of hours.
2.5.1. CU:  Covered beaker on the hot plate as talent removes the lid.
2.5.1B [added] CU Remove beaker with dry sample from hot plate
2.5.2. MED-over the shoulder:  Talent adds 1 milliliter of hydrogen bromide from a labeled container to the sample.  TEXT overlay:  1.5 N HBr
2.5.3. CU:  Beaker on hot plate with hydrogen bromide as talent closes the beaker.
2.6. Meanwhile prepare the 500 microliter columns.  Add 500 microliters of the AG1X8 200-400 (pronounced as “A-G-one-X –eight two-hundred four-hundred”) mesh resin to the column and put it on the column rack with a trash beaker below it.  
2.6.1. MED:  Talent adds AG1X8 200-400 mesh resin from a labeled container to the 500 microliter column.
2.6.2. CU:  Column as talent places it nto the column rack with a trash beaker below it.
2.7. Wash the resin by alternating 5 milliliters of 18.2 Mega ohm centimeter water and 5 milliliters of 0.5 Normal nitric acid two times.  Then wash with 5 milliliters of water.  Finally, condition the resin with 5 milliliters of hydrogen bromide.
2.7.1. MED:  Talent adds 5 milliliters of 18.2 Mega ohm centimeter water 
2.7.1B [split shot] then add 5 milliliters of 0.5 Normal nitric acid to the resin.
2.7.2. MED-over the shoulder:  Talent washes the resin with 5 mL of water.
2.7.3. CU:  Column as talent adds 5 mL of hydrogen bromide.  TEXT overlay:  1.5 N HBr
2.8. Next, remove the beaker from the hot plate and put it in an ultrasonic bath for about 30 minutes.  Allow the beaker to cool down to room temperature.
2.8.1. MED:  Talent removes the beaker from the hot plate.
2.8.2. CU:  Ultrasonic bath as talent places the beaker there.
2.8.3. MED-over the shoulder:  Talent leaves the beaker to cool.
2.9. Once the beaker is cooled and the resin is washed, open the beaker.  Put the tip adaptor to the syringe and add a pipette tip.  Then, pipette 1 milliliter of the sample and load it onto the resin very slowly in order not to agitate the resin.
2.9.1. MED:  Talent opens the beaker.
2.9.2. CU:  Syringe as talent puts the tip adaptor to the syringe and adds a pipette tip.
2.9.3. MED-over the shoulder:  Talent loads the sample onto the column with the syringe.
2.10. Once all the liquid passes through the column, add 5 milliliters of hydrogen bromide.  Allow the hydrogen bromide to pass through the column and then replace the trash beaker with a clean 15 milliliter beaker.
2.10.1. CU:  Entire column, showing the liquid finishing dripping out the bottom and the top as talent loads the HBr and it too runs through.
2.10.2. MED-over the shoulder:  Talent replaces the trash beaker with a clean 15 ml beaker.
2.11. Then, add 5 milliliters of nitric acid 2.5 milliliters at a time.  At this stage the zinc is eluted from the resin.  Once the nitric acid passes through the column, remove the beaker and place it on a hot plate at 100 degrees Celsius until dried. 
2.11.1. CU:  Column as talent loads 5 ml of nitric acid from a labeled container 2.5 milliliters at a time.  (jump cut to the end of the footage) Include the liquid dripping out the bottom in the shot as well.  TEXT overlay:  0.5 N HNO3
2.11.2. MED:  Talent places the beaker onto the hot plate.
2.11.2B [added] CU Remove beaker with dry sample from hot plate
2.12. Remove the column from the column holder and discard the resin.  Once the sample is dry, repeat the protocol with the same volume of acids on a smaller 100 microliter column and then place it on a hot plate until dried. The sample is now ready for mass-spectrometry. 
2.12.1. MED-over the shoulder:  Talent removes the column from the column holder and discards the resin. Talent removes the beaker and closes it.
2.12.2. MED or CU:  Talent loads a 100 microliter column with the sample.
3. Mass-spectrometry measurement
3.1. Analyze the zinc isotopic composition on a multi-collector inductively coupled plasma-mass spectrometer.  Set up the machine using the parameters summarized in the text protocol. 
3.1.1. MED or WIDE:  Talent sets up the mass spectrometer.
3.1.1b [added] CU Plasma ignited on torch in mass-spectrometer
3.2. Position the Faraday cups to collect at the mass to charge ratio of Nickel 62, Copper 63, Zinc 64, Copper 65, Zinc 66, Zinc 67, and Zinc 68.
3.2.1. SCREEN:  Screen capture movie as talent positions the Faraday cups to collect at the mass to charge ratio of Nickel 62, Copper 63, Zinc 64, Copper 65, Zinc 66, Zinc 67, and Zinc 68.
3.3. Next, analyze a 500 parts per billion solution of zinc in 0.1 Molar nitric acid by using a spray chamber combined with a 100 microliter per minute teflon nebulizer.  For each sample, measure 30 scans in which the integration time of each scan is 8.389 seconds.
3.3.1. CU:  500 parts per billion solution of zinc as talent puts it into position in the Mass Spec.
3.3.2. SCREEN:  Screen capture movie as talent sets up the parameters to measure 1 block of 30 scans that are 8.389 seconds each.
3.4. Correct the background by subtracting the on-peak zero intensities from a blank solution.
3.4.1. SCREEN: Screen capture movie as talent corrects the background by subtracting the on-peak zero intensities from a blank solution.
3.5. Control and correct possible Nickel 64 isobaric interference by measuring the intensity of the Nickel 62 peak.  Assume that the Nickel 64 to Nickel 62 ratio is natural, correct this value from the instrumental mass bias, and then remove the Nickel 64 on the mass 64 as described in the text protocol.
3.5.1. SCREEN:  Screen capture movie as talent measures the intensity of the Nickel 64 peak.
3.5.2. SCREEN:  Screen capture movie as talent uses the Nickel 64 to Nickel 62 ratio to perform the calculation to correct the value from the instrumental mass bias and remove the nickel 64 on the mass 64.
3.6. Correct the instrumental mass bias by bracketing each of the samples with a 500 parts per billion standard solution of the JMC Lyon Zn (pronounced as “J M C lee-on Zinc”) standard.  
3.6.1. MED-over the shoulder: Talent corrects the instrument mass bias by bracketing the samples with a 500 parts per billion standard solution of the JMC Lyon Zn standard
3.7. Perform the standard bracketing by dividing the Zinc 66-Zinc 64 ratio of the sample by the average of the Zinc 66-Zinc 64 ratio of the two standards measured before and after the sample, minus 1, and multiplied by 1000. 
3.7.1. SCREEN:  Screen capture movie as talent performs the standard bracketing by dividing the Zinc 66/ Zinc 64 ratio of the sample by the average of the Zinc 66/ Zinc 64 ratio of the two standards measured before and after the sample minus 1 and multiplied by 1000.  TEXT overlay:  see text for equation
4. Results: Three-isotope plot of δ68Zn vs δ66Zn for various mouse organs 
4.1. Shown here are typical results obtained with this method as a three-isotope plot of δ68Zn vs δ66Zn (pronounced as “delta Zinc 68 versus delta zinc 66”) for different mouse organs.  
4.1.1. LAB MEDIA:  Figure 1
4.2. All the organs fall on a slope 2 line. This shows that the isotopic fractionation is mass-dependent.
4.2.1. LAB MEDIA:  Figure 1.  Editors, please draw a vertical line up from the 0.5 hatch mark on the X-axis up to 1 on the Y-axis.  Then draw a horizontal line out from 1 hatch mark in the Y-axis to meet this line.  This indicates it is a slope 2 line.
4.3. Mouse organs are isotopically distinct. Interestingly, red blood cells and bones are enriched in delta zinc 66 when compared to serum, brain, and liver.  This fractionation is well explained by the equilibrium distribution of isotopes between different bonding environments of zinc in different organs.

4.3.1. LAB MEDIA:  Figure 1.  Editors, please draw a circle around the bulk of the red triangles and black circles toward the right side of the line as “red blood cells and bones” is narrated.  Then draw an additional circle around the bulk of the orange triangles, purple circles, and orange circles toward the left side of the line as “when compared to serum, brain, and liver” is narrated.  
5. Conclusion (said by authors on camera)
5.1. Frederic Moynier:  After watching this video, you should have a good understanding of how to obtain high precision zinc isotopic measurements of mouse organs.  Don’t forget that the main difficulty is to avoid contamination of your sample with external zinc and it is therefore essential to work in a clean laboratory and to use high-purity chemical reagents.  
5.1.1. MED:  Frederic 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.  

Insert your media filenames here.

Jove-graphics.pptx

Figure 1

SCREEN Capture Movies:
52479_Moynier_SCREEN_3.2.1:  Screen capture movie as talent positions the Faraday cups to collect at the mass to charge ratio of Nickel 62, Copper 63, Zinc 64, Copper 65, Zinc 66, Zinc 67, and Zinc 68.
52479_Moynier_SCREEN_3.3.2:  Screen capture movie as talent sets up the parameters to measure 1 block of 30 scans that are 8.389 seconds each.
52479_Moynier_SCREEN_3.4.1:  Screen capture movie as talent corrects the background by subtracting the on-peak zero intensities from a blank solution.
52479_Moynier_SCREEN_3.5.1:  Screen capture movie as talent measures the intensity of the Nickel 64 peak.
52479_Moynier_SCREEN_3.6.1:  Screen capture movie as talent uses the Nickel 64 to Nickel 62 ratio to perform the calculation to correct the value from the instrumental mass bias and remove the nickel 64 on the mass 64.

52479_Moynier_SCREEN_3.7.1:  SCREEN:  Screen capture movie as talent performs the standard bracketing by dividing the Zinc 66/ Zinc 64 ratio of the sample by the average of the Zinc 66/ Zinc 64 ratio of the two standards measured before and after the sample minus 1 and multiplied by 1000.  
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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