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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)?  _______N___ 1)DeltaVision deconvolution microscope, Applied Precision; 2) Upright epifluorescent microscope, Leica.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___N______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___3.4,  4.1,  6.2,  6.4,   6.5,  6.6___

D.  What is the single most difficult aspect of this procedure?   Ensuring logarithmic growth of haploid cultures and an optimal optical density of the mating mixture to faciliate zygote formation; if the mating mixture is too concentrated or too dilute, the frequency of zygote formation is dramatically reduced.
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 the following experiment is to ​​​​​generate a purified population of yeast zygotes.  (Intro).
This is achieved by first expressing cytoplasmic GFP or mCherry-tagged polysomes in haploid cells of opposite mating type. The cells are grown to logarithmic phase, then combined and co-incubated to allow formation of zygotes (P1). 
The mating mixture is then harvested and sorted by flow cytometry in “recovery mode” to isolate red-green double-positive cells.  This subpopulation includes both pre-zygotic and zygotic entities (P2).   

To further purify the sample, the red and green double positive population is subjected to a second round of flow sorting using “purity mode”. (P3).
This procedure yields an average purity of 90% zygotes based on visual examination and quantification of these cells by fluorescent microscopy (P4).
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File name:  Schematic Overview Section 0.pptx
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. Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. [Jeremy Saks] The advantages of this technique over existing methods, such as sedimentation-based purification, are the following: First, this technique provides a convenient visual assessment of zygote purity and maturation.  Second, in our hands, the average purity of the zygotic fraction is approximately 90%, much higher than that for pre-existing methods.   

1.2. [Serendipity Zapanta Rinonos]: Our purification method can help answer key biological questions surrounding the haploid-to-diploid transition in eukaryotic cells. On a molecular level, there is considerable conservation between lower and higher eukaryotes.  Therefore, studying yeast zygotes should promote a general understanding of zygote biology. Arguably, zygotes can also be considered a model for progenitor or stem cell function.
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.     

Protocol Text

2. Haploid Cell Growth

2.1. Grow S. cerevisiae MATa and MATalpha BY4741 haploid cells by streaking frozen stocks of yeast onto solid agar growth medium and incubating the plates at either room temperature or 30 degrees Celsius until colonies are present.
Voice Talent: (S. cerevisiae is pronounced “S.  sair-eh-VEE-see-ay" 

(eh= short "e" sound, "eh" as in "edible" = "eh"-di-ble)

(ay = rhymes with say)

(MATa pronounced “Matt A”)

(MATalpha pronounced “Matt alpha”)

2.1.1. MED: Talent places flask of cells in incubator (Overlay: RT or 30(C) 
2.2. On the day preceding zygote purification, label two 50-ml conical tubes for culturing transformed haploids as “soluble GFP” and “RPL25-mCherry.”

2.2.1. CU:  Talent labels two tubes as above

2.2.2. To the tube labeled “soluble GFP”, add 5 mL CSM-glucose.  To RPL25-mCherry tube, add 5 mL of synthetic selective medium lacking uracil. 

2.2.3. CU:  Talent adds medium to each tube [Note to from authors to video editor: Please show only the first step, i.e. adding CSM glucose to the “soluble GFP” tube. (We did not show 5 ml of medium lacking uracil for the mCherry tube). Please omit the second step in the video involving mCherry, as it was demonstrated with CSM glucose instead.)]
2.3. Inoculate one culture with transformed haploids expressing soluble GFP in the cytoplasm, and one with transformed haploids expressing a single ribosomal protein, RPL25, fused with mCherry. 

2.3.1. LAB MEDIA:  4197_Tartakoff_haploids -- single color images of green haploids juxtaposed with red haploids  [Overlay: soluble GFP (pEG220, URA3/YIp, linearized with BglII) RPL25-mCherry (pAJ1661, URA3/CEN, from A. Johnston)]
2.4. Grow the cultures with shaking overnight at 23oC to reach an A600 not exceeding 1.0.
2.4.1. MED:  Talent places cultures on shaker at room temperature (Overlay: 23oC, Overnight to A600 1.0)

3. Conducting a Cross

3.1.  Next to conduct a cross, begin by adjusting the optical density of each sample to 1.0 in fresh medium, approximately equivalent to 3 x 107 cell/ml.  
3.1.1. CU:  Talent adds medium to adjust A600

3.1.1a.
 Talent adds cell suspension to cuvette, loads cuvette in spectrophotometer, and measures A600.

3.1.1b.  Talent adds medium to cell suspension to adjust A600
3.2. Next, mix equal volumes of the two cultures in fresh medium in a 50-ml conical tube. Vortex briefly 3 times, then vortex for 10 seconds once.  
3.2.1. CU:  Talent mixes two cultures and vortexes briefly 3 times then once for 10 seconds

3.3. Prepare CSM-glucose plates. The plates are identical to those used for routine growth and have been dried 45 min after pouring and solidification of the agar.

3.3.1. SHOT TBD  NOTE TO EDITOR:  We skipped this step, deemed unnecessary.  Shot not filmed.

3.4. Position a pipette tip 1 cm above the surface of a room-temperature CSM-glucose plate, start a timer to countdown from 30 minutes and immediately distribute 40-ul droplets of the mixed cultures along the periphery of the plate, spanning the circumference.
3.4.1. CU:  Talent positions pipette tip, distributes droplets over plate and starts timer (countdown from 30 minutes).
3.5. Allow the plates to dry on the benchtop with the lid off for about 30 minutes.  Once the liquid has been adsorbed, cover the plates and leave them undisturbed at room temperature for 1.75-2.5 hours.
3.5.1.  CU:  Talent sets plates aside to dry (Overlay: Dry: 23oC, 30 min). 
Note: Combined 3.4.1 and 3.5.1 in a single shot.  Also include 3.5.1 separately, as Take 2.
3.5.2. CU:  Talent covers plates (Overlay: RT: 1.75-2.5 h)

3.6. The process of polarized growth creates the characteristic shmoo-like morphology.  During the shmoo phase, the two haploid cells continue to grow towards each other until achieving cell-cell contact.

3.6.1. LAB MEDIA: 4197_Tartakoff_Figure1

3.7. Subsequent cell-cell fusion results in formation of the zygote.  The nascent zygote then re-enters the mitotic cell cycle, giving rise to its first diploid bud.

LAB MEDIA: 4197_Tartakoff_Figure1
4. Harvesting Preparations

4.1. Following the incubation, place the plates on ice, and harvest the samples by washing individual dried droplet areas 10-20 times with 150 ul cold CSM-glucose. Collect the wash solution in 15 ul conical tubes on ice.
4.1.1. CU:  Talent places plates on ice

4.1.2. CU:  Talent washes dried droplet areas (Overlay: wash with 150 ul cold CSM-glucose)

4.1.3. CU:  Talent collects wash solution in 15 mL tubes on ice.

Note: 4.1.1, 4.1.2, 4.1.3 combined as single shot.
4.2. Next, keeping the samples on ice, probe-sonicate each of the tubes 10 times at 60% amplitude. 
4.2.1. MED:  Talent probe sonicates (Overlay: 120Watt, 120Volt, Freq 20KHz)
4.3. After sonicating, verify in a phase microscope that few or no aggregates remain. 15-50% of the cells are expected to have formed zygotes at this point.  
4.3.1. MED:  Talent looks through scope at cells

4.4. Leave the tube of cells in a vertical position undisturbed on ice for 10 min as a precaution to allow any remaining aggregates to settle.
4.4.1. CU:  Talent places the tube of cells on ice
4.5. Recover the topmost 90% of the volume and filter it through a nylon mesh Polypropylene tube with strainer cap.   In a typical experiment, 107 cells are recovered from one plate in 4 ml of CSM-glucose.
4.5.1. CU:  Talent aspirates the top 90% of volume and pipettes it into filter collecting in a tube
5. Flow Cytometry
5.1. Indicate how the cells are prepped for flow, include transfer to tube and suspension in  Flow cytometry sheath solution (PBS with 1mM EDTA) 

5.1.1. SHOT TBD Note: We did not take this shot, since the sheath solution suspension occurs within the machine, subsequent to loading the machine with the cell suspension.
5.2. Cell sorting using a Sony iCyt Reflection Model Flow Cytometer with a Highly Automated Parallel Sort or “HAPS1” with a 100 micron tip is shown here.

5.2.1. MED:  Talent turns on cytometer and/or computer   
5.3. Cell sorting is done using a Sony iCyt Reflection Model Flow Cytometer with a “HAPS1” [pronounced “haps one”] with a 100 micron tip. Begin by selecting the excitation lasers in the WinList 3D software. For GFP excitation, use the blue argon-ion, 500 milliwatt laser at 488 nm.  For mCherry excitation, use the 100 milliwatt laser at 561 nm.   
5.3.1. SCREEN:  4197_Tartakoff lasers selected -- Still image shows dialog box with appropriate lasers selected and appropriate wattage set. 

5.4. In the HAPS [pronounced “haps”] Control software, ensure that “Recovery” mode is selected and the sheath pressure for sorting is set to 21.5 psi, with a droplet frequency of 43,400 drops/second, and a sample pressure of 20.5 psi.  
5.4.1. SCREEN: 4197_Tartakoff_Recovery_settings  -- Still image shows dialog boxes with recovery mode selected, appropriate sheath pressure, droplet frequency, and sample pressure. 
5.5. Base the sorting parameters on a forward vs. back-scatter plot in order to gate on viable cells.  Note that the Sony iCyt [pronounced “eye sight”] machine used here uniquely indicates the side scatter plot as “back scatter”, but this “back” scatter is functionally equivalent to “side” scatter.
5.5.1. SCREEN: 4197 Tartakoff_Recovery_viable -- Still image shows forward vs. back scatter plot with viable cells gated. 
5.6. Establish an emission plot of mCherry versus GFP to divide the events into four quadrants, “Red+ Green-” … “Red+ Green+” … “Red- Green-” … and “Red- Green+”.  Use nonfluorescent cells as a standard for determination of the “Red- Green-” quadrant. 
5.6.1. SCREEN: 4197_Tartakoff_Recovery quads -- Still image shows quadrants as stated  (Overlay: mCherry: 615 +/- 30 nm bandpass filter, GFP: 525 +/- 25 nm bandpass filter)
5.7. For the initial sort select “Recovery Mode” and collect the samples into chilled microcentrifuge tubes containing 250 ml of cold CSM-glucose.  Following the collection, sediment the cells for 10 seconds at top speed in a refrigerated microfuge.
5.7.1. CU:  Talent collects samples into microfuge tubes containing CSM-glucose

5.7.2. MED:  Talent places tubes in CF and closes lid (Text overlay: indicate temperature and speed in G instead of 15,000 rpm) 4 degrees Celsius, 18900 g. Do 2 takes

Note: We did not film the centrifuge step. Instead, we took 2 takes of the following shot, designated as “5.7.1 and 5.7.2 combined”:
“5.7.1 and 5.7.2 combined” -- Talent places tubes in collection rack for flow cytometer, opens flow cytometer loading port, places rack into loading port, and closes the door. 

5.8. Following the spin, aspirate the flow solution and resuspend them in 500 ul cold CSM-glucose. 
5.8.1. CU:  Talent aspirates flow solution and resuspends cells in CSM glucose

5.9. Since high enrichment is not achieved with a single sort, briefly probe-sonicate the partially purified sample twice at 60% amplitude.  

5.9.1. CU:  Talent probe sonicates

5.10. Sort the cells again, this time using the “purity mode” option. Gate on viable cells, and establish an emission plot of mCherry versus GFP.  Sediment the purified cells and resuspend the pellets in 0.5 - 1.0 ml CSM-glucose.  
5.10.1. SCREEN: 4197_Tartakoff_Purity_settings
5.10.2. Use “5.7.1 and 5.7.2 combined”
5.10.3. USE 5.7.2 Talent places tube in CF and closes lid

5.10.4. Use 5.8.1 
5.11. After the spin, transfer 0.5 ml into each of the wells of 24 well plates. Then, shake the cells for 15 min in 24-well plates at 23°C to allow metabolic recovery.  
5.11.1. CU:  Talent transfers cells to 24 well plates and place plates on shaker
6. Preparation for DeltaVision Microscopy 

6.1. To prepare agarose pads, bring a suspension of 1.5% agarose in CSM-glucose to a boil in a 15-ml conical tube.
6.1.1a.  CU: Talent adds agarose to a tube containing CSM-glucose to create suspension of 1.5% agarose, agitates the tube by hand briefly, and places tube in heated water bath to boil

6.1.1b.   CU: Agar solution begins boiling and talent removes tube from heat.

6.2. Vortex the solution briefly, and then apply 0.3 ml samples of the agarose solution to the surface of at least 2-3 standard glass slides. Immediately cover the slides with a second slide.  Do not apply pressure.   Allow the slides to cool for 10 minutes.
6.2.1. CU:  Talent vortexes agar solution and applies agar to glass slide and covers with second slide then places on benchtop to cool (Overlay: 10 min)

6.3. If the agarose pads will not be used immediately place them in a humidified chamber at room temperature without removing the upper slide.   These can be stored for up to a day.


6.3.1. CU:  Talent places agarose pads in a humidified chamber (overlay:  use within 1 day)

6.4. Then, gently remove the upper slide by sliding it horizontally, taking care to leave a smooth surface and not to disturb the Agarose layer.

6.4.1. CU:  Talent removes upper slide
6.5. Quickly, within 1-2 minutes, deposit 1 ul aliquots of sedimented cells on the agarose pads without touching the surface.  Immediately cover the sample with a square coverslip.
6.5.1. CU:  Talent deposits sedimented cells on the agarose pad and covers with a glass coverslip (overlay: No.1 glass coverslip)  (Note: 6.5.1, 6.6.1, and 6.6.2 shots all combined.)
6.6. Using a single-edged razorblade, trim away excess agarose.   Use a syringe to dispense petroleum jelly along the edges of the coverslip.

6.6.1. CU:  Talent trims excess agarose

6.6.2. CU:  Talent applies petroleum jelly with a syringe

(Note: 6.5.1, 6.6.1, and 6.6.2 shots all combined.)
6.7. Capture images using Deltavision with a 100x oil immersion objective without binning. An ideal field is one that shows a single layer of cells with ample space in between to distinguish individual cells. Image with 0.2-0.4 micron intervals. 
6.7.1. MED:  Talent seated at microscope capturing images (Overlay: Olympus UPlanApo 100x/1.40; ∞/0.17/FN26.5).  (Note: 6.7.1 and 6.8.1 shots combined, with talent seated at microscope capturing images by alternately looking through scope and manipulating computer controls.)
6.7.2. LAB MEDIA:  4197_Tartakoff_Ideal
6.8. Once the imaging is complete, deconvolve z-stacks using the softWoRx [pronounced “soft works”] 5.0.0 program and process minimally with a standard deconvolution of 20 cycles.  Adjust intensity of red vs. green fluorescence to minimize any background signal in the  deconvolved images.   
6.8.1. MED:  Talent opens softWoRx software for deconvolution  (Overlay: http://www.api.com/softworx.asp)
(Note: 6.7.1 and 6.8.1 shots combined, with talent seated at microscope capturing images by alternately looking through scope and manipulating computer controls.)
7. Representative Analysis of Zygote Purification:

7.1. To assess expression of fluorescent proteins in the transformed cells, cells were analyzed by flow cytometry before and after performing a cross.    
7.1.1. LAB MEDIA: 4197_Tartakoff_FigureS1

7.2. Prior to the cross, essentially all mCherry transformants were red and that all the GFP transformants were green. Note that while the mCherry signal was less intense than the GFP signal, it was detected by both cytometry and fluorescence microscopy.
7.2.1. LAB MEDIA: 4197_Tartakoff_Figure S1

7.3. The cells were sorted and the brightest cells, which appear in the R2 quadrant were selected and cultured with the GFP transformants for 2.5 hours. 
7.3.1. LAB MEDIA: 4197_Tartakoff_Figure S1

7.4. As can be seen here, the Red and Green positive sample represented 8.89% of total population following the cross. This was enriched to 52.4% following the first “recovery” sort, then further enriched with the second “purity” sort. 
7.4.1. LAB MEDIA: 4197_Tartakoff_FigureS2

7.5. When 21 similar preparations of red+/green+ cells were examined by phase contrast microscopy to assess the number of zygotes, the average purity was 90%.  The contaminants were either green or red haploids or pairs of haploids that were in contact.   
7.5.1. LAB MEDIA: 4197_Tartakoff_Figure 3   (Editor Highlight 2 hap 2same when “Contaminants” are mentioned)
7.6. To determine the kinetics of initial zygotic bud emergence as well as the incidence and distribution of medial, lateral and terminal zygotic bud locations, haploids were crossed for either 1.75 hours or 2.5 hours, sorted by flow cytometry, and then examined by epifluorescent microscopy.
7.6.1. LAB MEDIA: 4197_Tartakoff_Figure 3
7.7. When cells were harvested after 1.75 hr, more than 50% were unbudded, and medial, lateral, or terminal buds were equally represented.  After 2.5 hours, however, there were approximately equal numbers of zygotes in each of four categories: unbudded, with medial, lateral or terminal buds. 

7.7.1. LAB MEDIA: 4197_Tartakoff_Figure 3
7.8. The structure of zygotes appears to remain unchanged during purification. Note that the GFP enters the nucleus and can be found in the nucleus even when the nuclei have not fused. Vacuoles stand out as black non-fluorescent spheres.
7.8.1. LAB MEDIA: 4197_Tartakoff_Figure 4
7.9. The end product of purification yields a diverse population at various stages of development.  Zygotes labeled A have not undergone fusion.  Type B zygotes are unbudded.  Type C have a small bud.  
7.9.1. LAB MEDIA: 4197_Tartakoff_Figure 4
7.10. Type D have a larger bud, and Type E zygotes are about to undergo cytokinesis.  Note also that many of the earlier zygotes still exhibit a non-fluorescent medial division line (*), and that the vacuolar “inheritance structure” (I) can often be seen to extend from the zygote into the bud.  
7.10.1. LAB MEDIA: 4197_Tartakoff_Figure 4
: 
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
5. 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.
5.1. [Serendipity Zapanta Rinonos]:  Our technique provides the materials necessary for pursuing studies of a high-throughput nature, for example, characterization of the zygotic transcriptome or proteome.  Furthermore, variants of the red-green-based purification conveniently allow for cell biological studies, such as visualization of organelle inheritance kinetics in the zygote.
5.2. [Jonida Toska]: While attempting this procedure, it is important to include both the recovery sort and the subsequent purity sort.  We found that the second sort is key for increasing zygotic purity of the final product.
5.3. [Jeremy Saks]: After watching this video, you should have a good understanding of how to conduct a cross, generate purified zygotes by flow cytometry, assess purity by microscopic methods, and how to mount and photograph zygotes using fluorescent deconvolution microscopy.   
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.

Schematic Overview Section 0.pptx
4197_Tartakoff_haploids
4197_Tartakoff_lasers_selected

4197_Tartakoff_Recovery_settings

4197_Tartakoff_Recovery_viable

4197_Tartakoff_Recovery_quads

4197_Tartakoff_Purity_settings

4197_Tartakoff_Ideal_GFP  (snapshot of an ideal field by microscopy, GFP only)

4197_Tartakoff_Ideal_mCherry (snapshot of an ideal field by microscopy, mCherry only)

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


