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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)? Yes 

Binocular : Leica MZFLIII with axiocam Hlc from Zeiss

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No 

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 3.8 and 4.8

D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  To reach the best alignment of the light-sheet, we maximize the signal to noise ratio and homogeneous illumination of the embryo.

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) It will take place in different rooms of the same building. 

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to image C. elegans development using fluorescence light sheet microscopy. (Intro)  This is accomplished by first setting up the light-sheet based microscope, composed of an upright microscope and a small set of opto-mechanical elements to generate a light sheet. (P1)  The second step of the procedure is to mount the embryo. (P2) The last steps are to adjust the light sheet onto the embryo and record its development. (P3)  The results can show the dynamics of fluorescently labelled proteins during C. elegans development via the analysis of 3D and time-lapse videos. (P4)
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Video editor:

Use the provided graphics.  Titles in P1 and P2 are worth keeping. 

P1 – Begin with the frontal view and bottom view filling the screen, then, when the narration says “small” slowly zoom into the intersection point of the two cylinders in the front view and fade to the zoomed in graphic for that spot.

P2 -  Start with the graphic on the left  not including the two long lines and balls between.  Animate the lines approaching and moving over the blue field sucking up four balls.  Then animate the lines moving away, fade to the right side graphic and animate the lines moving along the graphic ejecting the balls in the row seen in the graphic.  Repeat the lines depositing balls to get the 6 balls on the rectangle as shown at the upper right of the P3 graphic.

P3 – Now fade back in the end of P1, the zoomed in spot.  Then shrink and move the rectangle/ball assembly into the position shown in the P3 graphic.

P4 – Now, remove the title and line on top and begin by showing just the left image and fade through showing each image, ending with the right image.  Be sure that the time counter in the lower right corner is legible and if not, make it larger.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. V. Bertrand: The main advantages of light sheet microscopy over existing methods, like confocal microscopy, is that it allows faster imaging with less phototoxicity.   

1.2. P.F. Lenne: Though this method can provide insight into C. elegans development, it can also be applied to other systems, such as Drosophila or zebrafish.

1.3. P.F. Lenne: Demonstrating the procedure will be Claire Chardes an engineer from my laboratory and Pauline Melenec an engineer from the laboratory of Vincent Bertrand.

Protocol Chapters (read by a voice talent at JoVE):

2. Light Sheet and Detection Path Set Up 

2.1. This section describes the set up assembly and it can be left assembled for all experiments.  Once the lasers, filters, telescope and periscope have all been positioned on the optical table …

2.1.1. LAB MEDIA: 51342_LenneBertrand_Figure1.eps

2.1.2. WID: overview of the setup (lasers, filters…) (correspond to video 2.11.4)

2.1.3. MED: overview of the laser (lasers, filters…) ((correspond to video 2.11.5)

2.2. … secure the cylindrical lens to generate the light sheet.  A different lens is adjusted for focus.

2.2.1. WID: talent at set up, with cylindrical lens, positioning it and securing it. The laser beam is already on.

2.3. The focal point of the illumination objective should coincide with the object focal point of the detection objective.

2.3.1. MED: talent slips small sheet of paper below detection objective

2.3.2. CU: light sheet on paper in focus – turning the cylindrical lens, and finding a good angle (horizontal light-sheet)

2.4. Now, project the beam onto the wall or screen and move the illumination objective along the beam axis until the contours of the projection are sharp.

2.4.0: WID: talent places the illumination objective

2.4.1. WID: talent illuminates wall/screen. talent adjusts the lens to make the illumination on the wall/screen perfectly focused

2.4.2. WID CU:new angle from behind lens, illuminated wall/screen at center and in perfect focus – talent adjusts the lens to make the illumination on the wall/screen perfectly focused

2.5. Include a quad line emission filter and EMCCD camera in the microscope set up.  Fix the Z-axis stage, a piezoelectric or motorized stage, to the first translation stage.

2.5.1. MED/WID: pan over quad line emission filter and EMCCD camera set up, talent positioning the manual translation stage in background

2.5.2. CU: attaching the motorized stage to the first stage. talent securing the manual translation stage with screws

2.6. Fix the second manual translation stage to the first in a perpendicular manner.

2.6.1. MED/CU: attaching 2nd stage to the stage that was just attached – securing with screws. 

2.7. Screw the assembly to the existing microscope stage.

2.7.1. CU: attaching the 3rd stage (motorized) to assembly. Talent securing the 2nd manual translation stage with screws

2.8. After removing the set cylindrical lens-illumination objective, position the assembly onto the microscope and put back the illumination set. Onto the stages, attach the cuvette holder at the perpendicular intersection of the illumination path and the detection path.

2.8.0: WID positioning of the stage

2.8.0.1: WID: re-positioning of the cylindrical lens and illumination objective

2.8.1. MED: positioning the cuvette holder to stages.

2.8.2. CU: securing cuvette holder, showing the source location of light that will pass through the cuvette in the background

2.9. Now, check the light sheet.  Fill a glass cuvette with fluorescein solution and place it in the holder on the stages.

2.9.1. MED: talent turns on the beam? – talent fills cuvette with water fluorescein and fits it to the holder on the stage (not sure if light on yet : the light is on since the beginning) 

2.10. The light sheet should be visible.  It should be horizontal and centred with respect to the detection objective lens.

2.10.1. MED/WID: talent turns beam on now? – show the light sheet’s position relative to the detection lens (both need to be in the shot) – use a panning shot may to demonstrate this alignment

2.10.2. : CU: visualization of the light sheet

2.11. Next, remove the cylindrical lens, optimize the light sheet with 3D translation of the illumination objective, and acquire an image to measure the thickness of the light sheet.  This depends on the aperture of the objective lens.  Then, be sure to replace the cylindrical lens. 

2.11.1. WID: talent releases the cylindrical lens, thus changing the light sheet

2.11.2. WID/MED: talent does a representative action for measuring the thickness of the light sheet, records the data (and reattaches the cylindrical lens if it fits into the shot). WID: talent passing from the microscope to the computer to make thickness measurement

2.11.3.  Screen capture : measure of the thickness of the lightsheet

3. Mounting C. elegans Embryos

3.1. First, cut a piece of 1 mm thick glass, 10 mm by 20 mm.  Use a diamond-marking pen.

3.1.1.  WID: talent cutting glass, approaching shot

3.1.2. CU: talent cutting glass with diamond pen

3.2. Next, add 20 µL of poly-L-lysine to one side and, once dry, juxtapose it to a second slide in a fixed position.  Add a drop of 5% agar and smooth it with the weight of a third slide, set on top.

3.2.1. CU: adding drop of poly-L-lysine to slide

3.2.2. CU: fixing the two slides 

3.2.3. CU: adding drop of agar and weighing it flat with 3rd slide

3.3. After the agar dries, remove the third slide and cut the agar pad 3 mm from the edge of the two remaining slides, over the slide without poly-L-lysine.  Then, remove the fixed slide, leaving an overhang of agar.

3.3.1. MED: removing the 3rd slide, then preparing to cut the agar

3.3.2. ECU: cutting the agar, show precise location relative to slide edges. removing the 2nd slide, leaving slide with overhanging agar pad

3.3.3. CU: removing the 2nd slide, leaving slide with overhanging agar pad

3.4. Coat the agar with 20 microliters of poly-L-lysine and allow it to dry.

3.4.1. MED: adding drop of poly to the slide

3.4.2. CU: adding drop of polylysine

3.5. Now, put gravid worms in a watch glass filled with M9 medium.

3.5.1. WID: picking worms and placing them into a watch glass, then placing watch glass under a scope

3.5.2. SCOPE: picking worms

3.6. Under a dissection microscope, cut the worms with a scalpel, level to the vulva thus releasing the eggs.   Then, identify the embryos that are of the stage of interest and collect them with a microcapillary pipette.

3.6.1. SCOPE: finding worm, releasing eggs with cut.  Next, sucks up eggs with pipette

3.6.2. Next, sucks up eggs with pipette

3.7. Transfer the embryos to the agar overhang off the prepared slide, just next to the edge of the slide, not on the border of the agar.

3.7.1. MED: ejects eggs from pipette onto the agar pad 

3.7.2. ECU SCOPE: location of the egg placement on the agar pad – show 2nd addition of eggs 

3.8. Then, align the embryos with a microcapillary pipette while removing the liquid by aspiration.  The embryos will stick to the poly-L-lysine.

3.8.1. SCOPE: sucking up solution from pad and moving the eggs into alignment as solution is removed 

3.9. P. MELENEC: It is very important to position well the embryos to obtain a good recording and this requires a capillary with the right aperture. If too small, it will be difficult to release the embryos. If too big, it will be difficult to tightly control the liquid flow and to align the embryos.

3.9.1. MED/WID: interview shot of Dr. Melenec at the microscope – he has the capillary used for the step in his hands and uses it as a prop as he speaks

3.9.2. ECU: capillary in the Dr.’s hands to be shown as he speaks about it

3.10. Cover the slide with M9 medium in a Petri dish and confirm that the embryos are still attached to the agar using magnification.

3.10.1. CU: moving slide into dish and adding solution until it is submerged

3.10.2. SCOPE: embryos attached to pad, submerged in water – show the embryos coming into focus

4. Recording C. elegans Development

4.1. Now, fix the prepared slide with embryos to the sample holder that fits into a cuvette.  

4.1.1. WID: talent arrives with slide to the laser set up

4.1.2. CU: attaching slide to the sample holder

4.2. The holder is an in-house made contraption …

4.2.1. LAB MEDIA: Figure 4

4.3. … that is designed to fit to a cuvette.

4.3.1. LAB MEDIA: Figure 5

4.4. Next, secure the cuvette to a piezoelectric stage and, under bright field illumination, locate an embryo.

4.4.1. CU: attaching cuvette-slide assembly to the stage

4.4.2. WID: talent turns on lights and focuses in on embryos

4.5. Now, start up the software package controlling the acoustic-optic tunable filter, the camera and the stage. This software here was written in-house but Micromanager, freeware, can also be used.

4.5.1. MED: talent at computer, starts up the software

4.5.2. SCREEN CAPTURE: splash screen for the in-house software, opening a session, and getting to where the laser line can be selected

4.6. First, select the laser line. Next, adjust the stage along the X-axis …

4.6.1. SCREEN CAPTURE: selecting the laser line and activating the filter, then adjusting the X-axis

4.7. … until the light sheet is at its brightest.  Then, adjust the other two dimensions Y and Z until the signal to noise is at its best.  This may need to be repeated for each embryo.  

4.7.1. WID: talent at computer microscope making changes and the light sheet in focus – the light sheet image gets brighter with the talent’s adjustments

4.7.2. MED: Adjusting X,Y,Z 

4.7.3. CU: Adjusting X,Y,Z (movement of the objective)

4.8. Then, adjust the other two dimensions until the signal to noise is at its best.  This may need to be repeated for each embryo.  

4.8.1. SCREEN CAPTURE: adjusting the Y and Z-axis 

4.8.2. WID: talent at computer making changes and the light sheet in focus – the signal to noise gradually improving

4.9. C. CHARDES: It is key to optimize the signal to noise ratio to obtain a good recording. By gently translating the actuators of the 3D stage supporting the cylindrical lens and the illumination objective, one adjusts the light sheet to obtain an homogeneous illumination of the embryo and the best contrast.

4.9.1. MED/WID: talent in the optics room – interview shot

4.9.2. Continue showing the media for 4.8.1 after Dr. Chardes begins his discussion

4.10. Now, acquire time-lapse images.  Set the laser power, exposure time, gain and imaging interval according to the fluorescence level of the embryo and the speed of the biological process analyzed. 

4.10.1. SCREEN CAPTURE: revealing the software adjustment for laser power, exposure time and imaging interval

4.11. For z-stack imaging, set the distance between the slices and their start and end positions.

4.11.1. SCREEN CAPTURE: software used to adjust the z-stack distances and their thickness

4.12. For recordings longer than an hour, minimize the exposure to reduce phototoxicity and keep the sample cool, at around 20 degrees Celsius. 

4.12.1. WID: talent bringing to the light table materials needed to keep the sample cool

4.12.2. CU: setting up materials around sample to keep it cool (material could just be a fan – but could be more interesting)

5. Multi-Channel Time Lapse Z-Stack Imaging of C. elegans Embryonic Developement

5.1. In C. elegans expressing a histone-GFP construct, two hour time-lapse imaging was made with 20 slice stacks taken every 37 seconds.  Cell divisions were clearly visible.

5.1.1. LAB MEDIA: 51342_LenneBertrand_Figure6.avi - Recording of a C. elegans embryo expressing an histone::GFP fusion.

Video editor: slow all the videos down to fit the narrative. The videos can be creatively rearranged to fit our screen.

5.2. In a strain expressing tubulin fused to GFP and histone fused to mCherry, recordings were taken for 16 minutes every 105 seconds. 3D renderings are shown at three time points. The mitotic spindles (in green) and condensed chromosomes (in red) are clearly visible and easily tracked through cell divisions.

5.2.1. LAB MEDIA: 51342_LenneBertrand_Figure7.avi - Recording of a C. elegans embryo expressing a Tubulin::GFP fusion and an Histone::mCherry fusion.

5.3. In a third strain, apolipoprotein VIT-2, fused to GFP was imaged with mCherry labelling of the cell membrane.  Over 13 minutes, 10-slice stacks were taken every 27 seconds.  Fast moving lipoprotein particles (in green) were easy to follow.

5.3.1. LAB MEDIA: 51342_LenneBertrand_Figure8.avi - Recording of a C. elegans embryo expressing a VIT-2::GFP fusion and a membrane-targeted mCherry.

6. Conclusion Interview (spoken by you on camera)

6.1. P.F. LENNE: Here we used a light sheet formed by a cylindrical lens; more complex methods to produce the light sheet might be implemented to improve further the spatial resolution.

List of Provided Media Filenames and Descriptions (fill this in)

2.1 – 51342_LenneBertrand_Figure1.eps - SPIM optical setup composed of the illumination and detection units, front and bottom views.

5.1 – 51342_LenneBertrand_Figure6.avi - Recording of a C. elegans embryo expressing an histone::GFP fusion.

5.2 – 51342_LenneBertrand_Figure7.avi - Recording of a C. elegans embryo expressing a Tubulin::GFP fusion and an Histone::mCherry fusion.

5.3 – 51342_LenneBertrand_Figure8.avi - Recording of a C. elegans embryo expressing a VIT-2::GFP fusion and a membrane-targeted mCherry.

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.

 2013, Journal of Visualized Experiments


