Submission ID #: 55629
Editor Name: Bridget Colvin
Videographer name: Bruno Benham
Film Date: 

Authors and Affiliations: Frederic Strobl1,2,3,4, Selina Klees1,2,3,4, and Ernst H.K. Stelzer1,2,3,4

1Physical Biology/Physikalische Biologie (IZN, FB 15) 
2Buchmann Institute for Molecular Life Sciences (BMLS) 
3Cluster of Excellence Frankfurt – Macromolecular Complexes (CEF – MC)
4Goethe Universität – Frankfurt am Main (Campus Riedberg)

Title: Light Sheet-Based Fluorescence Microscopy of Living or Fixed and Stained Tribolium castaneum Embryos
	 
Corresponding Author: 
Ernst H.K. Stelzer
Physical Biology / Physikalische Biologie (IZN, FB 15)
Buchmann Institute for Molecular Life Sciences (BMLS)
Cluster of Excellence Frankfurt – Macromolecular Complexes (CEF – MC)
Goethe Universität – Frankfurt am Main (Campus Riedberg)
Frankfurt, Germany
ernst.stelzer@physikalischebiologie.de 

Co-authors: frederic.strobl@physikalischebiologie.de, selina.klees@stud.uni-goettingen.de 

A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include software usage? Y 
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.9., 2.10., 2.12., 2.15., 2.17., 4.3., 4.4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.9., 2.10., 2.15.
E.  Will the filming need to take place in multiple locations? Y (10 m)


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to observe the development of Tribolium castaneum embryos non-invasively over very long periods of time. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ernst H.K. Stelzer: LSFM helps to answer morphogenesis-related questions in the emerging insect model organism Tribolium castaneum addressing cell migration and proliferation patterns from the early blastoderm to the onset of muscular movement.
1.2. Frederic Strobl: The main advantage of this method is that critical factors such as photo bleaching and photo toxicity are kept to a minimum, even when the embryos are observed for several days.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

Protocol (read by voice talent at JoVE):
2. Sample Chamber Embryo Mounting and Insertion
2.1. To mount an embryo into the sample chamber using an agarose column, first fill a 1 mL syringe with distilled water [1-WIDE] and use a small rubber hose to attach the syringe to a glass capillary [2-MED].
2.1.1. Few seconds Talent filling syringe with distilled water
2.1.2. Few seconds Talent attaching hose to capillary opening
2.2. Fill the capillary halfway with distilled water [1-CU]. 
2.2.1. Few seconds capillary being filled
2.3. Then use a paintbrush to transfer an embryo to the inner side of the glass capillary opening [1-SCOPE] and stick the capillary into the liquid agarose [2-CU], slowly drawing a few microliters of the agarose along with the embryo into the capillary [3-CU].
2.3.1. Few seconds embryo being placed
2.3.2. Capillary being placed into liquid agarose (Videographer: Combine 2.3.2. and 2.3.3. as appropriate) use take 3
2.3.3. Few seconds agarose being drained (Videographer: Combine 2.3.2. and 2.3.3. as appropriate) use 2.3.2 take 1
2.4. When the embryo is in place, there should be a few microliters of agarose both above and below the embryo [1-SCOPE].
2.4.1. Show embryo in place, with agarose above and below embryo
2.5. When the agarose has solidified, use a diamond glass cutter to shorten the capillary to a length of about 5 mm [1-CU-TXT]. The remaining fragment should be completely filled with agarose and the embryo should be found within the second quartile [2-SCOPE].
2.5.1. Shot of solidified agar, then few seconds capillary being shortened (TEXT: Solidification = 3-5 min) use take 3
2.5.2. Shot of fragment completely filled with agarose with embryo in second quartile (Videographer: Please indicate 2nd quartile when mentioned)
2.6. Then insert the steel cylinder with the pin into the sample chamber [1-MED] and stick the capillary fragment on top of the pin [2-SCOPE]. The agarose column should protrude a few millimeters from the region of the capillary fragment that contains the embryo [3-CU].
2.6.1. Talent placing cylinder/pin into sample chamber
2.6.2. Few seconds fragment being placed on top of pin Combined with 2.6.2; for 2.6.2 use 2.6.2 take 4 (slating error)
2.6.3. Shot of column protruding from region of fragment containing embryo
2.7. To mount the embryo into the sample chamber using an agarose hemisphere, first draw 200 microliters of liquid agarose into a 1 mL syringe [1-MED] and use the syringe to fill the steel pipe of the sample chamber with agarose from the top of the pipe [2-CU] until a hemisphere forms at the bottom opening [3-ECU-TXT].
2.7.1. Few seconds Talent drawing agarose into syringe
2.7.2. Few seconds pipe being filled
2.7.3. Shot of hemisphere at bottom opening (TEXT: Hemisphere diameter should equal pipe diameter)
2.8. When the agarose has solidified, pick up an embryo with the tip of a paintbrush [1-SCOPE/ECU] and rearrange the embryo so that the anterior end becomes accessible [2-SCOPE].
2.8.1. Few seconds embryo being picked up
2.8.2. Few seconds embryo being rearranged 
2.9. Dip the agarose hemisphere into liquid agarose to cover the hemisphere with a thin film [1-CU] and place the embryo with its anterior end upright on the pole of the agarose hemisphere [2-SCOPE].
2.9.1. Few seconds hemisphere being dipped
2.9.2. Talent placing embryo on agarose hemisphere pole
2.10. Turn the hemisphere, using the brush to correct the position of the embryo as necessary [1-CU-TXT]. Ideally, less than half of the embryo surface should be covered in agarose and the flanks should be as steep as possible [2-CU].
2.10.1. Few seconds hemisphere being turned (TEXT: Stabilize embryo w/ 2 microliters agarose as necessary) Author note: “This was split into two shots, one is the hemisphere being turned and the embryo is rearranged, and one shows the stabilization process with 2 µl of agarose.“
2.10.2. Shot of embryo (Video Editor: please indicate steep flanks as appropriate) Author note: “There is a scene where the flanks are pointed out with the paintbrush.“
2.11. “Too much agarose on the embryo’s surface leads to a mechanical constriction and reduced gas and ion exchanges, dramatically lowering the survival rate.” [1-MED-interview style]
2.11.1. Ernst H.K. Stelzer, speaking the above interview style (looking just off-camera)
2.12. Then slowly insert the steel pipe into the sample chamber [1-MED].
2.12.1. Few seconds Talent inserting steel pipe

2.13. To mount the embryo into the sample chamber using a cobweb holder, first select an embryo with the paintbrush [1-WIDE] and set the paintbrush aside [2-MED].

2.13.1. [bookmark: _GoBack]Few seconds Talent selecting embryo
2.13.2. Talent setting paintbrush aside

2.14. Next, cover the slotted hole of a cobweb holder with 5-8 microliters of liquid agarose [1-CU]. Then remove most of the agarose until only a thin agarose film remains. [2-CU].

2.14.1. Few seconds hole being covered with agarose combined with 2.14.2
2.14.2. Few seconds agarose being removed included in 2.14.1

2.15. Place the embryo onto the agarose film [1-CU] and adjust its position, carefully moving the embryo to the x-axis center of the slotted hole and aligning its elongated anterior-posterior axis with the elongated axis of the slotted hole [2-ECU].

2.15.1. Embryo being placed onto film combined with 2.15.2
2.15.2. Few seconds embryo being moved to center/being aligned with hole axis (Videographer: Split action into separate steps as appropriate) included in 2.15.1

2.16. “Make sure to place the embryo onto the agarose film within 10-15 seconds of its application, this is while the agarose is still liquid otherwise the embryo will not attach properly.” [1-MED-interview style]

2.16.1. Frederic Strobl, speaking the above interview style (looking just off-camera)

2.17. Then slowly insert the cobweb holder into the sample chamber, positioning the holder so that it does not interfere with the excitation and emission light [1-MED-TXT].

2.17.1. Few seconds Talent inserting/positioning holder into chamber (TEXT: i.e. 45° holder angle relative to x- and z-axes)

3. Light Sheet-Based Fluorescence Microscopy Imaging

3.1. [bookmark: _Ref461524795]For live imaging assays, first configure the time lapse [1-WIDE-TXT]. Then, in the transmission light mode, position the embryo along the x- and y-axes into the center of the field of view without exposing the embryo to the laser [2-SCREEN].

3.1.1. Few seconds Talent at computer, configuring time lapse, with monitor visible in frame
3.1.2. *To be provided by Authors: Few seconds embryo being positioned 3.1.2_55629_Stelzer_Positioning.avi
[bookmark: _Ref461705885]
3.2. Rotate the embryo 360° in 90° steps to examine the tissue for any damage that could have occurred during the mounting process [1-SCREEN].

3.2.1. *To be provided by Authors: Few seconds embryo being rotated  3.2.1_55629_Stelzer_Rotation.avi

3.3. [bookmark: _Ref461465375]In the fluorescence mode, define the z-stack for each direction, adding a 25-50 micrometer spatial buffer in front of and behind the embryo, and define the z-spacing [1-SCREEN].

3.3.1. *To be provided by Authors: Few seconds z-stack being defined combined with 3.3.1, 3.3.1_55629_Stelzer_ZStackAndSpacing.avi
3.3.2. *To be provided by Authors: Few seconds z-spacing being defined included in 3.3.1

3.4. For long-term imaging, fill the sample chamber with sufficient imaging buffer [1-MED] and cover the sample chamber opening [2-CU].

3.4.1. Few seconds Talent filling chamber
3.4.2. Chamber being covered

3.5. Then start the imaging process, monitoring the correct acquisition along all of the directions in all of the channels for all of the embryos [1-MED-over the shoulder-TXT].

3.5.1. Few seconds Talent at computer, monitoring acquisition steps, with monitor visible in frame (TEXT: Check embryo viability/position every few d)

4. Embryo Retrieval and Quality Control and Image Data Processing

4.1. At the end of the imaging period, transfer the sample holder and the embryo from the sample chamber to an object slide [1-WIDE-TXT].

4.1.1. Few seconds Talent placing holder/embryo onto object slide (TEXT: Retrieve live embryos only/discard fixed + stained embryos)
 
4.2. If an agarose column was used, use a sharp blade to extract the embryos from the surrounding agarose [1-SCOPE].

4.2.1. Few seconds embryo being selected with blade 

4.3. If an agarose hemisphere was used, transfer the hemisphere with the flat side to the object slide [1-CU-TXT].

4.3.1. Few seconds hemisphere being transferred with flat side to object slide (TEXT: Embryo does not need to be removed) 

4.4. For the cobweb holder method, use a paintbrush to gently dismount the embryos from the agarose film [1-CU].

4.4.1. Few seconds embryos being dismounted with paintbrush

4.5. Then incubate the embryo-loaded object slide in a small glass dish in a saturated humidity atmosphere under standard conditions until the larvae hatch [1-MED-TXT].

4.5.1. Talent placing slide into dish (TEXT: See text for hatched larvae culture details)

4.6. [bookmark: _Ref461537808]To process the data of the observed embryo, open the files of interest in the appropriate imaging analysis software [1-MED-over the shoulder] and rotate the z-stacks to align the anterior-posterior axis of the embryo with the y-axis as necessary [2-SCREEN-TXT].

4.6.1. Talent at computer, opening files of interest with monitor visible in frame 
4.6.2. *To be provided by Authors: Few seconds z-stacks being rotated (TEXT: Set rotation/cropping parameters individually for each direction) 4.6.2_55629_Stelzer_ZStackRotate.avi

4.7. [bookmark: _Ref461537810]Crop the z-stacks along the x- and y-axes so that only a minimal background remains and calculate the z maximum projection for each z-stack [1-SCREEN].

4.7.1. *To be provided by Authors: Few seconds z-stacks being cropped 4.7.1_55629_Stelzer_Crop.avi
4.7.2. *To be provided by Authors: Few seconds z maximum projection being calculated 4.7.2_55629_Stelzer_ZMaxProj.avi

4.8. Then, depending on the transgenic line and imaging modalities, make the appropriate dynamic intensity adjustments of the time stacks to correct for any photobleaching or fluorophore expression fluctuations as necessary [1-SCREEN].

4.8.1. *To be provided by Authors: Few seconds dynamic intensity adjustments being made 4.8.1_55629_Stelzer_Adjustments.avi Author note: „In the screen capture, we show the navigation through the menu and the ‚log‘ window popping up, but the whole calculation would take about 10 minutes before the result is visible.“ Then: „I have created another video that compares non-adjusted images with adjusted images. I think it would be good to show the video or parts of the video at this point?“ 4.8.1._55629_Stelzer_Suggestion Video.avi Editor – i can’t really know without seeing it, so maybe just use whichever looks best.
5. Results: Representative Embryo Imaging Analyses

5.1. Using a transgenic line that expresses a histone2B-mEmerald (Pronounce: histone-two-B-M-emerald) fusion protein under the control of the alpha-tubulin 1 promoter, sixty-six hours of embryonic development at room temperature were recorded, from germband retraction to dorsal closure [1-LM].

5.1.1. 55629_Stelzer_Movie 1.avi: no animation (Video Editor: the movie starts at the beginning of germband retraction and ends once dorsal closure is completed; please use as much/little of the middle of the movie as necessary for the narrative but with showing a few seconds of the beginning and the end) Author note: “Yes, the original movie (TIF image stack) has a resolution of 2400x1100 pixel. However, the stack has an (uncompressed) size of 350 MB. We have added a 1048x480 pixel JPEG compressed avi version that has about 8 MB.” “I also uploaded the tif file for this movie in full resolution:“ 5.1.1._55629_Stelzer_Movie 1.tif

5.2. This line can be used to visualize neuronal clusters within the head appendages [1-LM] and the dynamics of serosa migration during dorsal closure [2-LM].

5.2.1. 55629_Stelzer_Figure 4A.tif: please add/trace/indicate orange boxes and/or corresponding magnified images at bottom of figure
5.2.2. 55629_Stelzer_Figure 4B.tif.tif: please add/trace/indicate orange boxes and/or corresponding magnified images at bottom of figure

5.3. Imaging a similar transgenic line, which carries the same transgene but at a different genomic location [1-LM], the optical sections at the transition from gastrulation to germband elongation show the internal cell arrangement of the emerging germband [2-LM].

5.3.1. 55629_Stelzer_Figure 4C.tif.tif: please highlight/indicate top row of images
5.3.2. 55629_Stelzer_Figure 4C.tif.tif: please sequentially highlight/indicate middle and bottom rows of images

5.4. Using the Glia-blue transgenic line, the acquisition of z-stacks along multiple directions via sample rotation allows the observation of glia cell reorganization along and around the ventral nerve cord [1-LM] as well as their proliferation dynamics at the dorsal side of the head lobesin the same embryo [2-LM].

5.4.1. 55629_Stelzer_Movie 2.avi: please indicate left/ventral embryo image Author note: “the original movie (TIF image stack) has a resolution of 2400x1100 pixel. However, the stack has an (uncompressed) size of 350 MB. We have added a 1048x480 pixel JPEG compressed avi version that has about 5 MB. I also uploaded the tif file for this movie in full resolution:” 5.5.1._55629_Stelzer_Movie 1.tif
5.4.2. 55629_Stelzer_Movie 2.avi: please indicate 3rd/dorsal embryo image

5.5. Small fluorescent dyes can also be used for the specific labeling of intracellular structures to highlight certain embryonic features, such as the serosa scar [1-LM], the posterior ventral serosa cells [2-LM] or the serosa-amnion-germband tissue tri-layer that emerges during serosa window closure [3-LM].

5.5.1. 55629_Stelzer_Figure 5B.tif: please highlight/indicate first image column OR add/trace/indicate orange square in first column and/or corresponding magnified image at bottom of figure
5.5.2. 55629_Stelzer_Figure 5B.tif: please highlight/indicate second image column OR add/trace/indicate orange square in second column and/or corresponding magnified image at bottom of figure
5.5.3. 55629_Stelzer_Figure 5B.tif: please highlight/indicate third-fifth image columns OR add/trace/indicate orange squares in third-fifth columns and/or corresponding magnified image at bottom of figures

5.6. Dual-color fluorescent dye-staining allows the further visualization of two intracellular structures in the same embryo, for example the nuclear envelope [1-LM] and the actin cytoskeleton [2-LM].

5.6.1. 55629_Stelzer_Figure 5D.tif: please indicate top row of green staining
5.6.2. 55629_Stelzer_Figure 5D.tif: please indicate middle row of red staining

6. Conclusion (said by authors on camera)
6.1. Ernst H.K. Stelzer: Once the recording is finished, it’s important for the quality control of the experiment to retrieve the embryos and raise them to healthy, fertile adults.
6.2. Frederic Strobl: This procedure can be combined with other techniques such as parental RNA interference to analyze knock-down phenotypes.

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, .eps, 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.  

3.1.2_55629_Stelzer_Positioning.avi
3.2.1_55629_Stelzer_Rotation.avi
3.3.1_55629_Stelzer_ZStackAndSpacing.avi
4.7.1_55629_Stelzer_Crop.avi
4.7.2_55629_Stelzer_ZMaxProj.avi
4.6.2_55629_Stelzer_ZStackRotate.avi
4.8.1_55629_Stelzer_Adjustments.avi
4.8.1._55629_Stelzer_Suggestion Video.avi
5.1.1._55629_Stelzer_Movie 1.avi
5.2.1_55629_Stelzer_Figure 4A.tif
5.2.2_55629_Stelzer_Figure 4B.tif
5.3.1_55629_Stelzer_Figure 4C.tif
5.5.1_55629_Stelzer_Figure 5B.tif
5.5.1._55629_Stelzer_Movie 2.avi5.6.1_55629_Stelzer_Figure 5D.tif

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 are included in the email accompanying the finalized script.
 2016, Journal of Visualized Experiments

