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

1. The design of the cellphone microscope 

2. The design of the cellphone imaging cytometer
3. Imaging of fluorescent particles 

4. Preparing and imaging of fluorescent labeled white blood cells 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  We need to use the cellphone camera to capture the movie of cells flowing through the microfluidics channel. To do this, camera screen will face down and we will upload the movie to the computer for the videographer to record the movie.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of this procedure is to convert a cell phone camera to a fluorescent microscopy platform or a fluorescent imaging cytometer. (Intro) First, the fluorescent emission is collected through an attached lens that has been placed between the cell phone camera unit and the sample of interest. (C1) Next, a simple plastic filter within the attachment rejects the scattered excitation light, which creates a dark-field background for fluorescent imaging, converting the camera phone into a fluorescent microscope or imaging cytometer. (C2) In the final step, a picture or video is taken of the fluorescent particles of interest using the camera in night mode. (C3) Ultimately, fluorescent beads or cells can be imaged and characterized by the cell phone camera. (C4)
(C1) from concept illustration.pptx: slide 1: show graphics and text, animate green beads moving through central grey rectangle and maybe also animate green arrow pointing down
(C2) from concept illustration.pptx: slide 1: highlight “Absorption filter” text and yellow rectangle with “simple plastic filter”; with “converting .. fluorescent microscope” please show Figure_1AB_tiff.tif (Authors: Please provide Figure 1A and Figure 1B as a composite .ai, .asd, or .tif file without the (A) and (B) labels); with “or imaging cytometer” please show Figure_1CD_tiff.tif (Authors: Please provide Figure 1C and Figure 1D as a composite .ai, .asd, or .tif file without the (C) and (D) labels) 
(C3) Figure_3_tiff.tif top image only with no text or inset indicating dotted lines (Authors: Please provide the top image from either file as its own separate .tif, .asd, or .ai file)
(C4) Figure_2_tiff.tif OR Figure_3_tiff.tif 
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.        

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)
1.1. Hongying Zhu: The main advantage of this technique over existing methods, like using a conventional fluorescent microscope, is that the cell phone based microscope is compact, light-weight and cost-effective and has the potential for use in point-of-care diagnostics in resource-limited settings where conventional health care services are not available. 
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Opto-fluidic attachment for wide-field fluorescent microscopy 

2.1. To assemble the opto-fluidic wide-field fluorescent microscope, begin by placing the plano-convex lens into the optical attachment within its specific lens holder position. Then place the plastic filter onto the filter tray and slide it into the attachment.
2.1.1. LAB MEDIA: Figure_1AB_tiff.tif
2.1.2. WIDE: Talent holding lens in one hand and optical attachment in other, starts to attach lens
2.1.3. CU: Few second of lens being placed into lens holder position in optical attachment (TEXT: f2=15 mm)
2.1.4. CU: Last few seconds of plastic filter being placed into filter tray (Videographer: Combine 2.1.3. and 2.1.4. as appropriate)
2.1.5. CU: Filter tray being slide into attachment (Videographer: Combine 2.1.3. and 2.1.4. as appropriate)
2.2. Next, insert the LED tray into the attachment. Place the sample glass slides into the sample tray and then slide the sample tray into the attachment. 
2.2.1. CU: Shot of LED tray being inserted into attachment (TEXT: Center wavelength: ~470 nm)
2.2.2. CU: Shot of glass slides into sample tray (Videographer: Combine 2.2.2. and 2.2.3. as appropriate)

2.2.3. CU: Shot of sample tray being slid into attachment (Videographer: Combine 2.2.2. and 2.2.3. as appropriate)
2.3. After facing the LEDs toward the sample, clip the assembled opto-fluidic wide-field fluorescent microscopy attachment onto the cell phone such that the extra lens is directly in touch with the cell phone camera lens. 
2.3.1. CU: Shot of LED facing toward sample, then microscope being attached to cell (TEXT: Any camera phone can be used; here a Sony Erickson Aino is shown) (Video Editor: If possible, with “directly in touch .. lens” please indicate the “Cell phone camera lens” with the appropriate text and arrow)
2.4. Now use the switch on the attachment to turn on the LEDs and image the sample of interest with the cellphone camera in “night mode”. 
2.4.1. CU: Shot of switch being flipped and LED coming on
2.4.2. LAB MEDIA: Figure_3_tiff.tif top image only with no text or inset indicating dotted lines (Authors: Please provide the top image from either file as its own separate .tif, .asd, or .ai file)
3. Opto-fluidic attachment for fluorescent imaging cytometry
3.1. When there is a need to screen large volumes of liquid samples for the detection of rare events, an opto-fluidic flow cytometry device can be assembled. Begin by placing the aspherical lens into the attachment.
3.1.1. LAB MEDIA: Figure_1CD_tiff.tif
3.1.2. WIDE: Talent picking up aspherical lens  
3.1.3. CU: Shot of aspherical lens being placed into attachment
3.2. Then tape the plastic absorption filter in front of the camera lens, and slide the microfluidic chamber into the attachment. 
3.2.1. CU: Tape the plastic absorption filter in front of the camera lens.
3.2.2. CU: Shot of filter tray being slide into attachment (Videographer: Combine 3.2.1. and 3.2.2. as appropriate)
3.2.3. CU: Shot of microfluidic channel being slid into attachment
3.3. Now clip the assembled opto-fluidic attachment for fluorescent imaging cytometry onto the cellphone such that the extra lens is directly in touch with the cell phone camera lens, and use the switch on the attachment to turn on the LEDs.
3.3.1. CU: Shot imaging cytometer being attached (Videographer: Combine 3.3.1. and 3.3.2. as appropriate) (Video Editor: If possible, with “directly ... camera lens” please indicate the “Cell phone camera lens” with the appropriate text and arrow)
3.3.2. CU: Shot of switch being flipped and LEDs turning on (Videographer: Combine 3.3.1. and 3.3.2. as appropriate)
3.4. Next connect the microfluidic channel to the syringe pump and deliver the liquid sample into the microfluidic device at a constant flow rate. 
3.4.1. CU: Shot of microfluidic channel being attached to syringe pump
3.4.2. CU: Few seconds of liquid sample being delivered to microfluidic device
3.5. Then using the video mode of the cellphone camera, capture a movie of the fluorescent cells flowing through the microfluidic channel. 
3.5.1. LAB MEDIA: Authors please upload this video with the provided link
4. Preparation of fluorescent micro-particle samples
4.1. To prepare fluorescent micro-particle samples, first mix 10 (L of green fluorescent beads and 10 (L of red fluorescent beads with 40 (L of deionized water. 
4.1.1. WIDE: Talent adds green beads to deionized water
4.1.2. CU: Shot of red beads being added to water/green beads
4.2. Using a micropipette, place 10 (L of the bead mixture onto a glass slide. Then use another glass slide to make a sandwich structure.
4.2.1. MED – over the shoulder: Talent adds bead mixture to slide
4.2.2. CU: Shot of glass slide being placed onto slide with beads
4.3. Finally, insert the sandwich structure into the sample tray of the wide-field fluorescent microscopy attachment and slide it into the cell phone attachment.
4.3.1. CU: Shot of slide sandwich being placed into sample tray (Videographer: Combine 4.3.1. and 4.3.2. as appropriate)

4.3.2. CU: Shot of tray being slid into attachment (Videographer: Combine 4.3.1. and 4.3.2. as appropriate)
5. Preparation of fluorescently labeled white blood cells
5.1. To prepare a fluorescently labeled white blood cell sample, first transfer 200 (L of a whole blood sample from an EDTA blood collection tube to a 1.5 mL polystyrene tube. Then add 1 mL of red blood cell lysing buffer to the 200 (L whole blood sample and mix thoroughly. 
5.1.1. WIDE: Talent dispensing blood into polystyrene tube

5.1.2. MED: Talent adds 1 ml of lysis buffer to blood, then mixes buffer/blood thoroughly
5.2. After 5 minutes, centrifuge the lysed blood sample. Then remove the supernatant, resuspend the white blood cell pellet in 200 (L of PBS, and gently mix the cells.  After centrifuging again, remove the supernatant and resuspend in PBS. 
5.2.1. MED: Talent places sample into centrifuge (TEXT: 5 min, 2000 x g, RT)

5.2.2. MED: Talent removing last bit of supernatant, then adding PBS to cells

5.2.3. CU: Few seconds of cells being gently mixed 
5.2.4. CU: Talent places sample into centrifuge and removing last bit of supernatant, then adding PBS to cells. 
5.3. Next add 5 (L of 1 mM SYTO16 (Pronounce: “cyto-sixteen”) solution to the white blood cell cells and incubate the sample in aluminum foil for 30 minutes. 
5.3.1. MED: Talent adds SYTO16 to cells, then wraps sample in foil (Videographer: Split action into separate steps as necessary) (TEXT: 30 min, RT, dark) 
5.4. Then after spinning down the sample again, resuspend the labeled white blood cell pellet in more PBS and transfer 5-10 (L of the cell sample onto a cover slip.

5.4.1. MED: Talent adding PBS to sample

5.4.2. MED: Talent adding sample to cover slip 
5.5. Place a second cover slip on the top of the sample and then insert the sandwiched cover slips into the sample tray. Image the sample using the cell-phone fluorescent microscope attachment.
5.5.1. CU: Shot of cover slip being placed onto cover slip with sample

5.5.2. CU: Shot of sample being placed into sample tray

5.5.3. LAB MEDIA: Figure_3_tiff.tif top image only with no text or inset indicating dotted lines (Authors: Please provide the top image from either file as its own separate .tif, .asd, or .ai file)
5.6. Alternatively, the labeled cells can be continuously delivered through the microfluidic channel with a portable battery-powered automated syringe pump. Then using the cellphone camera in video mode, capture a fluorescent microscopic movie of the flowing cells.
5.6.1. CU/MED (Videographer: As possible, just cell phone with attachment and pump in frame): Few seconds of sample being delivered into channel with syringe pump (TEXT: Gravity force can be used to deliver cells)
5.6.2. LAB MEDIA: Authors please upload this video with the provided link (TEXT (if possible): Analyze movies using contour-detection and tracking algorithms)
6. Results: Representative wide-field fluorescent microscopy and fluorescent imaging flow cytometry on a cell phone
6.1. Fluorescent cells or particles can be imaged in static mode, such that without any fluidic flow a very large sample field-of-view with a spatial resolution of about 10 (m can be observed. For example, in this figure, green and red fluorescent beads have been imaged. A decent image quality is achieved over a field-of-view of about 81 mm2. Toward the edges of this central field-of-view, however, there are aberrated regions.
6.1.1. LAB MEDIA: Figure_2_tiff.tif (Video Editor: with “For example … have been imaged” please indicate the top image; with “a decent image .. achieved” please highlight/indicate the A, B, and C insets the top image and the A, B, and C images in the bottom row; with “Toward .. regions” please highlight/indicate the D and E insets in the top image and the D and E images in the bottom row)
6.2. Here cell phone images of fluorescently labeled white blood cells are shown. This inset shows a digitally zoomed cell phone image of fluorescently labeled white blood cells cropped from the main image. In this inset, compressive decoding results for the first inset are shown. The decoded image exhibits a similar level of clarity to the same cell sample viewed on a 10x objective with a conventional fluorescent microscope of the same field of view.
6.2.1. LAB MEDIA: Figure_3_tiff.tif [Video Editor: with “Here .. blod cells are shown” please indicate the top image; with “This in shows … main image” please highlight the (A-1) inset; with “cropped from the main image” please indicate the white bracketed (A) area in the top image; with “In this inset .. decoding results” please highlight the (A-2) inset; with “the first inset” please highlight the (A-1) inset; with “the decoded image .. field of view” please highlight the (A-3) inset]
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

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 preparation, this section is where the video will show 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 no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Hongying Zhu: After watching this video, you should have a good understanding of how to convert your cell phone into a fluorescent microscope or imaging cytometer, allowing imaging, characterization, and counting of fluorescent beads or cells.
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.  

6.1.1.  Full field of view fluorescent particle image: Figure_2_tiff.tif
6.2.1.  White blood cell imaging: Figure_3_tiff.tif

Authors: Please upload these files using the provided link
Coceptual Narrative:

Figure_3_tiff.tif top image

Figure_1AB_tiff.tif

Figure_1CD_tiff.tif

3.5.1. White blood cell movie_avi 
5.7.1. White blood cell movie_avi (Authors: Are 3.5.1. and 5.7.1. the same movies?)
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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