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Title: Quantitative Locomotion Study of Freely Swimming Micro-organisms using Laser Diffraction
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  _Y Olympus SLZ-1 (need to double check tomorrow morning)______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? Y 4 & 6 in the protocol
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_3.2, 3.3, 5.1, 5.2

D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  Insuring that a single live C.elegans crosses the laser beam.  We keep the density of worms at the right proportion, i.e., about 20 worms per cuvette.

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.  
Procedural Narrative:
The overall goal of this procedure is to measure thrashing frequencies of freely swimming microscopic organisms (Intro).
This is accomplished by first preparing a sample of microscopic worms_(P1 Editor, bring in the blue worms).
Next, the optical setup is prepared_(P2 Editor, bring in the laser (without the green line, then bring in the bar with the four lines, the white and blue boxex and the thick black line.  Then add in the green line and the light green beam between the white box and black line).
Then, the diffraction pattern produced by the live organisms_is recorded (P3 Editor, transition to the camera in P3).
Finally, the recorded data is analyzed to determine swimming frequencies_ (P4 Editor, replace P3 with P4).

Ultimately diffraction analysis is used to show changes in locomotion patterns of unconstrained worms__ ______(P5 Editor, use P5 here, and have the free worms moving/wiggling more so than the worms on the plate).
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.   
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.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name Jenny Magnes: The main advantage of this technique over existing methods, like traditional microscopy, is that swim patterns can be observed as the species moves freely in a three dimensional space.   

1.2) Author name Kathleen Susman: Though this method can provide insight into freely swimming C. elegans, it can also be applied to other transparent small and microscopic organisms exposed to varying conditions_.

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. C. elegans Preparation for Video Analysis
2.1. To set up C. elegans for video analysis, begin by using a flattened platinum wire pick to move 10-20 gravid adult nematodes to fresh NGM agar-filled petri plates containing small circular spots of E. coli (TEXT: OP50).
2.1.1. WIDE Talent approaches bench (scope) and sits down with samples
2.1.2. Talent picks adult nematodes and transfers to NGM plates with E. coli LAB MEDIA Movie   2.1.2 wormtransfer.m4v (Comment: our movie is better quality)
2.2. Allow the nematodes to lay eggs for 3-5 hours and then remove the adults, thus establishing a small, developmentally-synchronized culture of 50-150 nematodes.
2.2.1. MED Talent at scope places plate on stage to remove adults
2.2.2. SCOPE/ECU Talent removes adults from plate
2.3. To grow the nematodes to early adulthood, incubate the petri dishes at 20°C for four to five days.
2.3.1. WIDE Talent places plates in incubator
2.4. On the day of the video analysis, use 1 ml of deionized, distilled water to flush a plate of young adult nematodes, thus collecting 50-150 worms from the synchronized culture.
2.4.1. MED Talent pipettes water and uncovers and picks up a plate 
2.4.2. CU Talent flushes plate and collects worms
2.5. Use a microcentrifuge to spin the worms to the bottom of the tube, or allow them to settle by gravity for about 15 minutes. Remove the majority of the water from the tube and replace it with 1 ml of deionized, distilled water to wash any adhering bacteria from the nematodes. 
2.5.1. MED Talent places tubes into microcentrifuge and spins briefly
2.5.2. CU/ECU Talent removes water then replaces with fresh water
2.6. Using a micropipette, transfer 5-10 nematodes in water to a quartz cuvette (TEXT: 1, 2, or 5 mm). 
2.6.1. CU Talent transfers nematodes to cuvette
3. Optical Setup for the Video Analysis
3.1. Assemble the optical setup as shown here, using a 543 nm Helium-neon laser for oversampling, two front-surface aluminum mirrors used to steer the laser beam through the cuvette, a cuvette holder, a projection screen, and a high speed camera capable of filming at ~240 frames per second (TEXT: please see written protocol for further details). (Editor, point out the components of the setup along with the VO)

3.1.1. LAB MEDIA Figure 1
3.2. Next, use a piece of parafilm to cover the top of the cuvette and invert it to mix the nematodes into the water column.  Place the cuvette in a cuvette holder so that worms are initially near the top of the cuvette.
3.2.1. MED/CU Talent covers cuvette with parafilm and inverts it
3.2.2. CU Talent places cuvette into holder
3.3. Using the mirrors, steer the laser beam through the center of the cuvette.  Because the nematodes are denser than water, they will slowly fall to the bottom of the cuvette, while swimming within the water column.
3.3.1. MED/CU Talent adjusts mirrors to steer laser beam through cuvette
3.3.2. ECU Worms falling to the bottom of the cuvette
3.4. On the projection screen, color the spot corresponding to the transmitted laser beam black to reduce scattering as the transmitted beam meets the projection screen. Eliminating or reducing scattering from the transmitted beam will keep the CCD array of the camera from saturating due to the transmitted beam.
3.4.1. MED/CU LAB MEDIA Video 6
3.5. To capture a measure of the size of the diffraction pattern, draw a line of about 5 cm on the projection screen next to the transmitted laser beam spot without interfering with the diffracted light image.
3.5.1. MED/CU Talent draws a line on projection screen next to laser beam spot
3.6. Turn the room light off and record diffraction images on the screen as the worms pass through the laser beam. 
3.6.1. LAB MEDIA Video 6

4. Video Data Preparation 
4.1. To prepare the video data, install the following video analysis program (TEXT: http://www.vernier.com/products/software/lp/) and import the video into the program.
4.1.1. MED OVER SHOULDER Talent imports the video into the program - will provide movie) (Comment: see 4.2 for Movie)
4.2. Set the origin to coincide with the transmitted laser spot.  
4.2.1. LAB MEDIA/SCREEN SHOTS 4.2a, 4.2b, 4.2c, 4.2d (or movie) Movie: Logger Pro 4.1 and 4.2
4.3. Using the software, track the angular displacement of the diffraction image formed by each nematode.
LAB MEDIA/SCREEN SHOTS 4.3a, 4.3b, 4.3c (or movie) Movie: Logger Pro 4.3
4.4. To find the angular displacement by taking the arctan (y/x), copy and paste data into a spreadsheet (Excel) and add 180 deg or  for all negative angles to produce a continuous graph. 
4.4.1. LAB MEDIA/SCREEN SHOTS 4.4a (or movie) Movie: Microsoft Excel 4.4
5. Real Time Data Acquisition for Instant Observation of Swimming Frequencies and Data Analysis
5.1. Using the video analysis setup, place a photodiode with a small area (TEXT: ~1 mm2) off center in the diffraction pattern directly in front of the projection screen.
5.1.1. MED/CU Talent uses video analysis setup to place a photodiode off center in the diffraction pattern in front of projection screen
5.1.2. MED/CU Shot of screen with area from photodiode visible
5.2. Via a USB port, connect the photodiode to the digital oscilloscope that connects to the computer.  Observe the thrashing patterns on the computer screen. Save data sets in ASCII or text format.
5.2.1. CU Talent connects the photodiode to the digital oscilloscope

5.2.2. LAB MEDIA PicoScope Screen shot.png

5.2.3. MED OVER SHOULDER Talent saves data sets (could provide movie here) (Comment: Skipped this since there was already another over the shoulder shot on computer.
5.3. To analyze the data, use video or the photodiode to import the data into a data analysis program capable of fitting waveforms using chi-square minimization (TEXT: http://www.originlab.com/). Fit a sinusoidal curve to determine thrashing frequency. 
5.3.1. LAB MEDIA/SCREEN SHOTS 5.3a, 5.3b, 5.3c (or movie) Movie: Origin Pro 5.3
5.4. Average the swimming frequencies from various samples and determine the variance. For this study, data were analyzed statistically using a single-factor ANOVA followed by the Bonferroni multiple comparisons test. A p-value of < 0.05 is considered statistically significant.
5.4.1. SCREEN/LAB MEDIA Swimming frequencies and variance Screen Shots:  5.4a Prismprogpict.png, 5.4b Prismstatstable.png, 5.4c Prismstatstable.png, 5.4d Prismstatstable.png, 5.4e Prismstatstable.png, 5.4f Prismstatstable.png

6. Model Diffraction Patterns Using Mathematica as an Example
6.1. To model diffraction patterns, begin by using a microscope to take images.

6.1.1. MED OVER SHOULDER Talent at scope looking at screen taking images

6.2. To binarize an image, drag it into Mathematica.  Use the binarize command to convert it into black and white. Alternatively, use the ‘EdgeDetect’ command to create a Black and White image, where the two trailing numbers control the coarseness of the resulting edges.  

6.2.1. LAB MEDIA/SCREEN Mathematica - ModelDiff.mov Talent drags/pastes an image into Mathematica and uses binarize command (Editor, movie will cover 6.2 - 6.5) Mathematica - ModelDiff.mov
6.2.2. LAB MEDIA/SCREEN Talent uses Edge Detect command

6.3. Next, using the ImageData command, convert the image into a matrix of zeros and ones.

6.3.1. LAB MEDIA/SCREEN Talent uses imagedata command to convert image

6.4. Use the Fourier command to Fourier transform the matrix. 
6.4.1. LAB MEDIA/SCREEN Talent uses fourier command to transform the matrix
6.5. Then, square the absolute value of the matrix and view the resultant image, which is the diffraction pattern corresponding to the original image.  In addition, use the ‘Log’ function to scale the contrast of the image.
6.5.1. LAB MEDIA/SCREEN Talent squares absolute value of matrix and image comes up
6.5.2. LAB MEDIA/SCREEN Talent uses log function to scale the contrast
6.6. Finally, compare the modeled diffraction patterns with diffraction patterns obtained from freely swimming worms. 
6.6.1. LAB MEDIA/SCREEN Compare Sim and Actual Diffraction Patterns - CIMG.mov
7. Representative Laser Diffraction Results-(second to last section) 
7.1. In this example, C. elegans were studied in a quartz cuvette 1 cm wide, 5 mm thick and 4 cm tall cuvette.  Sampling a single worm using video analysis, the average swimming frequency obtained from video analysis in a 5 mm thick cuvette was about 2.5 Hz.
7.1.1. LAB MEDIA Figure 4
7.2. Similarly, sampling a single worm using the real time data acquisition method and a digital oscilloscope, resulted in a swimming frequency of about 2.7 Hz.  This procedure can be repeated for many worms. A detailed study of freely swimming worms revealed an average swimming frequency of 2.37 Hz in a 5 mm cuvette. As expected, the swimming frequency is higher than that for a crawling worm (~.8 Hz). Using this diffraction method, the average swimming frequencies of a C. elegans, which is confined to a microscope slide, has been found to match the previously published value of 2 Hz.
7.2.1. LAB MEDIA Figure 5
7.3. Following the video data preparation and modeling of diffraction patterns demonstrated in this video allows for the modeling of swimming diffraction patterns with the help of worm images obtained with a conventional microscope.  The modeled diffraction patterns are used to simulate a swim cycle of the C. elegans. A successful model consists of physically feasible successive swim patterns matching the swimming frequencies.  The worm should be in the same shape at the end of a swim cycle as it was in the beginning of a swim cycle.  
7.3.1. LAB MEDIA Figure 6
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/video/1597/results-example-mably?access=ksw0bprj 

8. 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.
8.1 Author name Jenny Magnes: Once mastered, this technique can be done in less than a minute for each worm using the fast photo diode while observing the swim cycles on the computer screen (hours/min) if it is performed properly.
8.2 Author name Kathleen Susman: After watching this video, you should have a good understanding of how to evaluate freely swimming nematodes.
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 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.

( 2010, Journal of Visualized Experiments


