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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 yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_

2.1) Prepare vials with increasing doses of Gd-based nanoparticle into water (0 nM, 100 nM, 500 nM, 1 µM, 5 µM, 10 µM, 50 µM, 100 µM, 500 µM, 1 mM, 5 mM) and biological samples.

3.1.2) LIBS settings. Set the laser focusing position (with respect to the sample surface) to obtain the smaller crater diameter (about 50 µm or less). 

Sample positioning, large surface imaging, preparing the automated sequence

3.2.5) Start the acquisition. From this point automate everything; the moving sequence as well as the spectrum recording and saving. 30 minutes are required for a mapping of 10,000 points (equivalent to 1 cm² for 100 µm resolution).

4.1) Record all LIBS spectra from the tissue mapping and load them in the LIBS software analysis. Subtract the baseline for each spectrum and construct the chemical images with relative intensity scale using a false color.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The critical point in this experiment is to control the laser parameters to ensure the lowest possible crater size while conserving sufficient limit of detection for the application of interest. Important points with regard to laser parameters are the laser wavelength, the pulse energy and the laser focus position with regard to the sample surface. During the scan, the sample surface must then be perfectly flat or controlled and locked with different feedback controls. Besides, a typical scan of 10 000 laser sparks (image of 100x100) required about 30 min during while all the experimental parameters must be kept constant.

Sample preparation is also crucial but will be simplify in this video.

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 offer a simple and robust method to map and quantify organic and inorganic elements in biological tissue with tabletop instrumentation fully compatible with conventional optical microscopy. (Intro)

This is accomplished by focusing a laser pulse on the sample of interest to initiate the breakdown and spark of the material.  The plasma emits radiation that is subsequently analyzed by a spectrometer. (P1)
Video editor:  The word “Sample” and the black line near it are in the wrong place.  “Sample” should label the point of intersection of the green and orange lines.  If possible, please animate the orange laser beam to propagate from the laser to the sample during “This is accomplished...sample of interest”.

(If this is animated, then *ideally* the yellow regions going from the point of intersection to the left and up would not be present, but would be added and/or animated later.)  Then highlight the small rectangle at the intersection of the green and orange beams during the remainder of the first sentence.  For the second sentence, add the yellow regions, if necessary, then highlight the object labeled “Czerny-Turner”.
The second step is to select and identify the spectral lines corresponding to the elements of interest and scan the surface of the sample. (P2)
Next, perform calibration measurements to allow elemental concentrations to be determined. (P3)
The final step is to construct the elemental mapping of the sample tissue from all the recorded spectra using a relative intensity or a concentration scale. (P4)
Ultimately, laser induced breakdown spectroscopy is used to show the tissue distribution of various elements without any labeling. (P5)
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).   
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Graphic Overview.

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name _Vincent_: The main advantage of this technique over existing methods, like laser ablation inductively coupled mass spectrometry or X-ray fluorescence spectroscopy, is that laser induced breakdown spectroscopy, LIBS, is simple to implement, allows ppm range sensitivity with few tens of µm resolution, runs at atmospheric pressure and is compatible with most of the microscopic techniques. 

1.2. Author name _Lucie_: This method can help answer key questions in nanotechnology applied to biological studies, such as the distribution within a tissue sample of metallic elements contained in nanoparticles, without the need for nanoparticle labeling. 

1.3. Author name _Shady_: The implications of this technique could extend toward diagnosis of pathologies involving abnormal metallic elements such as copper, iron or aluminium, for example in brain samples, because of its low detection limits.

1.4. Author name _François_: Though this method can provide insight into nanoparticle distribution and quantification, it can also be applied to other systems, such as detection of abnormal metallic elements within a tissue or inhomogeneous element distribution.

1.5. Author name _Gérard_: Generally, individuals new to this method will struggle because  acquisition settings are crucial to obtain a signal strong enough to be analyzed without damaging the sample too much.
Protocol (read by voice talent at JoVE):
2. Biological Sample Preparation and Calibration Sample Preparation
2.1. Begin the experiment by preparing sample slides to be studied. For this protocol, obtain organs from tumor-bearing mice injected with gadolinium nanoparticle solution. (TEXT: See manuscript for the details)  To make slides, place 100 µm-thick slices of the organs onto a quartz slide or Petri dish.  (TEXT: Slices are made with a cryomicrotome) Always store the slides at -80ºC.

2.1.1. WIDE: Talent at bench, working with/inspecting organ(s)

2.1.2. CU: Kidney as it is being inspected (turned over, for example) by talent (Video editor: Please transition to next shot to indicate passage of time)

2.1.3. ECU or CU: A slide with slice of an organ

2.1.4. MED or WIDE: Talent placing organ in proper storage unit

2.2. Next, prepare samples for calibration.  Label several vials labeled with concentrations starting at 0 nM and ending at 5 mM.  For each vial, prepare 100 µL of gadolinium in water mixture with the appropriate concentration.

2.2.1. WIDE: Talent at bench working with vials Talent completing filling vials, then getting a slide
2.2.2. CU: Several vials labeled with concentrations (in rack or on counter)

2.2.3. MED: Talent filling vials Talent measuring samples and placing them on slide or petri dish
2.2.4. Additional step: MED: Talent placing slide for samples to dry
2.3. Once this is done, ready a slide.  Measure 5 µL from the first vial and drop it along the quartz slide or Petri dish
.  Be certain to identify the drop for later use. 

All imagery for 2.3 and 2.4 filmed in 2.2.3 and 2.2.4
MED: Talent completing filling vials, then getting a petri dish

MED: Talent getting and measuring drop from first calibration vial

CU: Drop in petri dish with identifying label
2.4. Move 3 mm along the circumference and place 5 µL of the next concentration on the slide. Do the same for each of the remaining solutions. (TEXT: Be certain the drops can be identified later) Dry the slide contents for 20 minutes at room temperature. 
2.4.1. CU: Petri dish as second drop is added

2.4.2. MED: Talent measuring samples and placing them on dish

2.4.3. MED: Talent placing petri dish for samples to dry
3. The Laser Induced Breakdown Spectroscopy (LIBS) Setup
3.1. This LIBS (“Libs” rhymes with “ribs”) setup uses a nanosecond Nd:YAG laser producing a 1064 nm wavelength beam. Use part of the beam to synchronize the spectrometer system. Direct the other part through a computer-controlled attenuator used to adjust and stabilize the laser pulse energy during  the entire experiment.  
Videographer:  The next eight shots are to give an overview of the apparatus.  Ideally the shots will allow the viewer to easily see how the major components fit together.
3.1.1. WIDE: Laser (or an identifiable portion of it) and talent in view; talent at, or moving towards, region of bench with the shutter and photodiode 

3.1.2. MED: Talent pointing out/adjusting shutter and photodiode.  Ideally position relative to the laser is clear.

3.1.3. MED: Talent pointing out attenuator in beam path.  Ideally position relative to laser and subsequent optical path will be clear.

3.2. Next, direct the beam to the sample region. There, focus the beam onto the software controlled translation stage that will hold the sample.

3.2.1. MED: Optical elements between the attenuator and the sample region.  

3.2.2. CU or MED: The region of the translation stage for samples.  Please provide context of its position in the optical path.  Ideally this and the next two shots would be taken from close to the same perspective.

3.3. Mount one CCD camera to monitor the sample surface.  Mount another to monitor the plasma plume. (TEXT: Cameras are synchronized with laser flash lamp) Analyze light from the sample breakdown in a Czerny-Turner spectrometer with an ICCD camera held at -26 ºC. (TEXT: The grating used has 1200 lines/mm) 

3.3.1. MED: Talent pointing out position of camera for monitoring sample surface (+ AVI files a b and c), keeping translation stage sample surface in frame, if possible.  

3.3.2. MED: Talent pointing out position of camera for monitoring plasma plume (+ AVI files a and b), keeping translation stage sample surface in frame, if possible.

3.3.3. MED: Spectrometer and ICCD assembly

3.4. For the measurement, start stabilizing the laser and cooling the camera at -26°C 10 minutes before the experiment.   When ready, use the attenuator to lock the pulse energy to 5 mJ. (TEXT: Typical pulse duration is 5 ns)  Next, retrieve a sample slide to study, and prepare to mount it on the sample stage. 

3.4.1. WIDE: Talent at LIBS bench starting apparatus  (Video editor: Please transition to next shot to suggest the passage of time)

3.4.2. MED over the shoulder: Talent monitoring meter and adjusting the attenuator controls

3.4.3. MED: Talent approaching translation stage with slide

3.5. Secure the sample on the motorized sample holder. Once this is done, return to the computer to position the sample. Move the stage so part of the sample is in the beam of the laser.  

3.5.1. CU: Talent securing sample on sample holder

3.5.2. WIDE: Talent moving from sample stage area to computer  (at least arriving at computer)

3.5.3. MED over the shoulder: Talent moving the sample into position, with monitor image in view

3.6. Adjust the laser focus to about 100 µm below the sample surface.   When this is done, the laser forms craters of 50 µm or less.  Use the computer to set the spectrometer input slit value to 40 µm and the ICCD parameters.  (TEXT: ICCD parameters: delay 300 ns; gate 2 µs; gain 200)

3.6.1. SCREEN: Focus being set

3.6.2. SCREEN: Crater from properly focused beam

3.6.3. MED: Talent at computer setting parameter values
4. Mapping Measurement and Calibration Measurement
4.1. For the mapping measurement, adjust the holder position to target a region of the sample. Take a high-resolution, panoramic image of the sample with a broad spectrum light source. Then use software and the captured image to define the LIBS scanning region and resolution.

4.1.1. MED over the shoulder: Talent adjusting position of sample

4.1.2. SCREEN: High-resolution image of sample (+jpeg + 2 AVI + 1 scale text)
4.1.3. SCREEN: LIBS scanning region being defined (+ avi + note)
4.2. Here the grid is 100 by 100, with 100 µm between points. Start the automated acquisition of the data. At each point on the grid, a spectrum is measured and recorded to file. 

4.2.1. SCREEN: Completed LIBS scanning region (included in the 4.2.2 avi file)
4.2.2. SCREEN: Laser as it goes through the grid on the sample (Authors: It probably isn't worthwhile to capture the entire 30 minutes, but a few scan lines is fine.)(Video editor: This can be sped up to fit time constraints) avi file
4.2.3. SCREEN: The data being collected by the system  (Authors: (Video editor: This can be sped up to fit time constraints) avi file
4.2.4. Additional MED: Plan 1 of Libs scanning spectrum during experiment

4.2.5. Additional MED: Plan 2 of Libs scanning spectrum during experiment

4.2.6. Additional MED: Plan 3 of Libs scanning spectrum during experiment

4.3. When the measurements are done, in about 30 minutes, take a second image of the sample slice.  Then, consolidate all the spectra into one data file for later use.  

4.3.1. SCREEN: Second image of sample (2 avi +1 bmp+ 1 note files)
4.3.2. MED: Talent at computer loading data
4.3.3. Additional step: MED: Spectra analysis

4.4. Next, remove the sample slide and prepare to mount the calibration samples. Secure the quartz slide with the calibration samples on the translation stage.  Back at the computer, position the center of the first calibration sample in the laser path. 

4.4.1. WIDE: Talent (with calibration slide) arriving at bench, removing first slide

4.4.2. CU: Talent securing calibration samples on stage

4.4.3. SCREEN: Center of first sample being moved into position 2 avi files
4.5. Maintain the experiment parameters and record a spectrum.  Do the same for each of the different gadolinium concentration samples.  

4.5.1. SCREEN: Spectrum data for first calibration sample avi
4.5.2. WIDE: Talent continuing measuring spectra of calibration samples
5. Results: LIBS Spectra and Chemical Maps of Mouse Tissue
5.1. These are examples of a single shot spectra recorded from different regions of kidney tissue. The blue spectrum was recorded in the central region of the kidney.  The red spectrum corresponds to the kidney membrane.  And the green spectrum is for the peripheral area.  
5.1.1. LAB MEDIA: 51353_Figure2.tif
5.2. The injected gadolinium based nanoparticles are composed of a polysiloxane matrix with gadolinium ion chelated by “DOTAGA” ligand (Voice talent: Pronounced DO-TA-GA. Text originally written DOTAGA-Gd3+) on their surfaces. (TEXT: Mignot, A., et al, Chemistry 19, 6112, 2013) In the 286 nm to 320 nm spectral range used, gadolinium, calcium, iron, silicon and aluminum can be detected.  Note how the intensities vary in the different regions of the sample, suggesting a large heterogeneity of these element concentrations in the tissue.

5.2.1. LAB MEDIA: 51353_Figure2.tif

5.3. Mapping of gadolinium....silicon....and iron in a slice of mouse kidney was done using the data from LIBS with a resolution of about 100 µm.  The scale intensity is expressed in an arbitrary unit.  This is a natural light image for comparison. 
5.3.1. LAB MEDIA: Fig3-Gd.tif (Video editor: Please display so that the figure maintains the same size as three more equal sized figures are added)
5.3.2. LAB MEDIA: Fig3-Si.tif (Video editor: Add on “silicon”)

5.3.3. LAB MEDIA: Fig3-Fe.tif (Video editor: “Add on iron”)
5.3.4. LAB MEDIA: “Fig3-natural image1.tif”  (Video editor: Add during last sentence)

5.4. Similar results were obtained with tumor samples, as with this map of gadolinium in SQ20B (Read “S-Q-twenty-B”) tumor tissue. A false color scale has been superposed on the natural light picture.  For this experiment, nanoparticles were administered directly into the tumor.  After one hour, the tumor was removed and prepared for analysis. Note that approximately half of the tumor volume contains some particles. 
5.4.1. LAB MEDIA: 51353_Figure4.tif  
6. Conclusion (said by authors on camera)
6.1. Author name _François_: Once mastered, this technique can be done in less than an hour for 1 cm2 samples using a 100 µm resolution, if it is performed properly.

6.2. Author name Vincent: While attempting this procedure, it’s important to remember that measurements are made from laser-induced plasmas. Ablation of the matter, along with creation, detection, and measurement of the evolving plasma are crucial.

6.3. Author name _Shady_: Following this procedure, other methods like immunohistochemistry can be performed on adjacent slices in order to answer additional questions like identification of the cell types involved in the process of interest.

6.4. Author name _Lucie_: After its development, this technique paved the way for researchers in the field of nanotechnologies applied to biology and medicine to explore the distribution of compounds containing metallic elements in biological tissue.

6.5. Author name _Gérard_: After watching this video, you should have a good understanding of how to use LIBS for mapping of multi-elements in biological tissues.
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, 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.

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.
�Use a petri dish for silicon analysis. Without interest for silicon, use quartz slide.





 2012, Journal of Visualized Experiments


