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Script:

0. Schematic Overview (Read by voice talent):
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Author: Please provide a graphic overview that illustrates the overall scheme of the experiment.   It should be concise and include all major steps of the protocol.  A brief introductory sentence may be used to introduce the procedure and significance if necessary. Please not that images should be at least 300 dpi in resolution.   Here are examples:

Author: Accompanying the schematic should be text that serves as narration for the graphic scheme.   The text should be NO LONGER than 7 lines of text.  Two examples of narration for the graphic are seen below:
For A:

This procedure begins with isolating the hippocampi from P0 newborn rats [HC1]. Each brain has two of these structures [HC2], one in each medial temporal lobe [HC3]. Several hippocampi are collected in a 15 milliliter tube [HC4], and dissociated with trypsin to a single-cell suspension [HC5]. Cell count and viability are determined using a hemacytometer and the trypan blue exclusion method [HC6]. The primary hippocampal neurons are then plated on individual coverslips in a Petri dish [HC7].

For B:
In the Morris water maze, animals are placed in pools of water, where they must swim to an escape platform. During training, the platform can be exposed about one inch above the water [WM1]. The animal must learn to swim to the platform [WM2], and remain there to be rescued from the pool [WM3]. After the animal is trained, the water is increased and made opaque with milk or non-toxic paint, so the platform is hidden [WM4]. The animal [WM5] must then rely on memory to find the escape platform [WM6].

The notations in the text such as “HC2” and “WM2” specify which part of the graphic is being explained at a particular point in the narration.  This allows us at JoVE to animate the graphics.  For examples you can go here:

http://www.jove.com/index/Details.stp?ID=931
http://www.jove.com/index/Details.stp?ID=930
I. Introduction (said by researcher to cam)

Author: Please fill in the blanks.  You will say this part to the camera.   If multiple authors will be addressing the camera, then please use the multiple author intro.  

Editor: please feel free to modify/ask questions after blanks are filled

I.1- Author 1: “Hi I’m Claudio Vinegoni from the Center of Systems Biology_at Massaghusetts General Hospital at Harvard Medical School.
       I.2-Author 2: “I’m Daniel Razansky from the Institute for Biological and Medical Imaging at the Technical University of Munich.”

       I.3-Author 3: “I’m Lyuba Fexon at Massaghusetts General Hospital at Harvard Medical School”  


I.4-Author 4: “ And I’m Jose Figueiredo at Massaghusetts General Hospital at Harvard Medical School” 








       I.4-Author 1: Today we will show you a procedure for real-time ex-vivo whole-organ imaging using Born normalized fluorescence optical projection tomography.
I.5-Author 4:  We use this procedure in our laboratory to study fluorescent molecular probes distribution within whole organs.______.  

I.6-Author 2:  So let’s get started…

II. Protocol (read by voice talent) – 

2. Part I.  An Optical Projection Tomography Microscope
2.1. The three dimentional imaging technique of optical projection tomography requires a unique combination of optics and a rotating stage.  In this segment of the imaging procedure will be elucidated.  
.  
2.2. To begin, the primary light source serves both as illumination for absorption measurements and as an excitation source for fluorescence measurements.  It is filtered with a narrow band pass interference filter.  Authors:do we need to provide more detail on light source selection and type/setting the NBF?
2.3. A set of fixed and variable neutral density filters are combined with the presence of an automatic shutter to control the amount of light on the sample and to keep it low enough to prevent any photobleaching.  Authors: Should we explain the details of these filters?  Would it help to be more specific?  For example,  at what setting is the automatic shutter usually used?
2.4. Uniform sample illumination is achieved by using a beam expander and a combined Galilean telescope lens with a diffuser lens. Optical narrow band-pass interference filters provide optical cleaning of the excitation source light.  Author: do we want to provide more detail?
2.5. The sample is immersed in a clearing solution and held in place for imaging within a glass tube.  The sample is rotated along its vertical axis by way of a high speed rotation stage (text: Newport, PR50) with an absolute accuracy of 0.05 degrees.
2.6. Three distinct manual controllers allow for the sample vertical axis to be tilted and adjusted in its orthogonal plane.
2.7. The signal is acquired in transillumination and is directly detected by a CCD camera.  The fluorescence signal is filtered through a narrow band-pass interference filter coupled with a longpass filter (text: Omega. Optical, Brattleboro, VT) and then collected with a telecentric lens (Edmund Optics).  Are both filters from Omega or just the longpass filter?  Who makes a good telecentric lens?
2.8. Telecentric lenses offer the advantage of providing unique features that make them ideal for optical projection tomography.  The presence of an aperture stop located within the lens assembly at the focal point of the lens is key.  It assures that the image will travel parallel to the optical axis.  This eliminates perspective distortion and provides equal magnification across many focal planes within the telecentric depth. 
2.9. The next video segment describes a technique for preparing samples.  This will be followed by methodology used for imaging the sample.
3. Part II.  Preparing tissue for Tomographic imaging
3.1. Tissue or organ preparation for tomographic imaging relies on an ethanol based dehydration of the sample that avoids asymmetric shrinkage and the whole process can take many days to complete.  In this example a mouse heart is prepared, but the protocol can be applied to any tissue or organ.
3.2. We demonstrate our method for the fluorescence imaging of a mouse heart which had previously sustained a controlled infarct. The mouse is injected with Prosense-680 an activatable fluorescence sensor reporting on cathepsin activity in healing myocardium.
3.3. The mouse was anesthetized with an intraperitoneally (IP) injection of a mix of ketamine (90 mg/kg) and xylazine (10mg/kg). 50 U of heparin was injected IP and five minutes later, a longitudinal laparotomy was performed. The left renal vein was open and 20ml of saline solution was infused into the IVC.
3.4. The left renal vein was open and 20ml of saline solution was infused into the IVC. After flashing the whole mouse blood, the thorax was open and the heart was removed using a dissecting microscope. The heart was then fixed for 8 hours in 4% PFA at 4C temperature and then embedded in a 0.8% agarose gel.
3.5. 
3.6. The PFA is then washed off with a 15 min rinse in PBS.

3.7. The heart is then embedded in 0.8% agarose. 

3.8. Once dried, the agarose is cut away around the tissue to make a block shape.

3.9. The agarose block is now dehydrated through a 5-step series of 20% to 100% of Ethanol solutions.   Each soak lasts 1 hour.

3.10. This dehydrating ethanol series procedure helps in avoiding any asymmetric shrinkage of the sample.  This and all the following tissue preparation steps must be performed in the dark to avoid photobleaching of any fluorescent contrast agents or proteins.
3.11. In the final dehydration step, the sample is bathed in 100% ethanol for 10 hours. 
3.12. Once the ethanol treatments are complete, put the sample in Murray’s Clear solution until the sample clears, which varies from a few hours to several days.  This clearing solution mimics the cellular water and index matches cell membranes thus making the tissue transparent.  (text: 1:2 of Benzyl Alcohol to Benzyl Benzoate)
3.13. Ethanol in minimal traces can be present at the end of the clearing process giving rise to sever artifacts in the reconstructions due to thermal motion of the alcohol within the clearing solution itself.  In order to avoid this problem, a second clearing cycle in recommended.  This cycle should last (depending on the tissue cleared) for a maximum of 4 hours. 
3.14. Once completed, the sample is ready for optical projection tomography.
4. Part III. Absorption Reconstructions
4.1. Reconstruction of optical absorption in the absence of scattering can be obtained using a common filtered Radon back projection algorithm.  This is basically analogous to 2D X-ray computed tomography.
4.2. Place the block of agarose into a transparent chamber filled with the clearing solution.  What sort of chamber?  How is the chamber mounted to the stage?
4.3. Illuminate the sample with a collimated beam for both excitation and transmission measurements.  Excitation source has to be chosen accordingly to the fluorescent protein or molecular imaging contrast agent chosen.Author, what would these measurements be for GFP? 
4.4. It is convenient to align the vertical axis of the sample parallel to the column of pixels of the CCD.
4.5. Rotate sample over 360 projections using angle increments of one degree.  Acquire images at each angle in transillumination at both the absorption and fluorescence wavelengths. (Show 2 movies of a rotating heart in both absorption and fluorescence)
4.6. The software running the acquisition automatically controls the shutter on the primary light source to avoid continuous illumination and reduce sample’s bleaching. This could be very important when long integration times are required.  Author, are there any other details to doing this worth noting?  Is the shutter activity remotely controlled by the software?
4.7. To create a 3D reconstruction from the absorption data simply use a filtered Radon back projection algorithm.  For 3D reconstruction from the fluorescent images other absorption contributions must be taken into account, which is described in the next video segment.  Author, is this done in a specific software package? (show video of a real time reconstruction of the sample)
5. Part IV.  Fluorescent Reconstructions
5.1. After completing the steps required for an Absoprtion Reconstruction there are a few more steps to completing a fluorescent reconstruction.
5.2. Combine the data for fluorescent and absoption measurements into the normalized Born field images using our own developed software.  Fill in the blank.
5.3. Write down equations of the forward model of light propagation for intrinsic and fluorescence wavelengths. Are these equations being provided by the software?
5.4. Next, calculate the weight matrix on a discretized mesh for Green’s functions of the forward model.  Is this being performed by hand or with a computer’s aid?
5.5. Finally, invert the weight matrix and multiply it by the detected Normalized Born field images.  This shift will provide accurate reconstruction of fluorescence distribution in the object free from artifacts. (show video of the fluorescence reconstruction; show figure with comparison of a normal fluorescence reconstruction and a Born normalized one)
III. Representative Results/Outcome
Author : Please write narration for any representative video image, or representative data files here.  We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture prep, here is where the video will shot your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  Please limit the extent of narration to 3 lines of text 

6. Representative Results/Outcome
6.1. Your text above will be edited into these sound bites.
6.2. Yadda

6.3. Yadda
7. 


















IV. Conclusion

Author: Please fill in the blanks.  You will say this part to the camera.
    C.1 – “We’ve just shown you how to assemble a setup for optical projection tomography and how to treat the acquired images for removing artifacts in the fluorescence reconstructions due to optical absorption. It is in fact important to remember that you need to clear the sample in order to remove the scattering contribution of the light but at the same time to limit the clearance process in order to preserve as much as possible the fluorescence contribution.

    C.2-  “When doing this procedure it’s important to remember to  calculate the normalized Born ratio obtained by dividing the fluorescence images by the absorption ones.


    C.3 – “So that’s it.  Thanks for watching and good luck with your experiments”

Provided Media
Editor: Please list all images, timelapse movie files, or figures that you feel are required as coverage or necessary to complete the video.   Designate for which step provided necessary is needed.  For example:

5.5 – 2-3 images of whole animal bioluminescence data for tracking metastasis

6.2 – 2-3 fluorescence images showing tumor angiogenesis with tumor in red channel and endothelial cells in green

Lab: 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 – Image 1 – dual color imaging of tumor angiogenesis at 40X 

6.2 – Image 2 – dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have AT LEAST these dimensions and be rendered to .mov, .mp4, or .avi files.  

General Preparation:

Lab:

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.

A





B
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