[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 58618
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=17878538

Title: 4D Microscopy of Yeast

Authors and Affiliations: Natalie Johnson and Benjamin S. Glick

Department of Molecular Genetics and Cell Biology, University of Chicago

Corresponding Author:
Benjamin S. Glick 
bsglick@uchicago.edu 
Tel: (773)702-5315

Email addresses for Co-author:
nataliej@uchicago.edu 





Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.4., 5.5. the most challenging part of the procedure is to identify structures suitable for tracking and then editing the montages to highlight those specific structures.
5. Will the filming need to take place in multiple locations? Y, two nearby buildings, 5-10-min walk indoors


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Benjamin S. Glick: This method tracks structures in yeast cells in 3 dimensions over many minutes, allowing us to study the dynamics of intracellular organelles and compartments [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Benjamin S. Glick: 4D imaging ensures that we can draw reliable conclusions about intracellular dynamics, particularly for structures or markers that may be transient [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.3. Benjamin S. Glick: Demonstrating the procedure will be Natalie Johnson, a postdoc from my laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera




Section - Protocol
2. Yeast Preparation
2.1. Begin by growing an overnight culture of the yeast strain of interest in 5 milliliters of non-fluorescent synthetic defined, or NSD (N-S-D), medium in a 50-milliliter baffled flask with good aeration at 23 degrees Celsius [1-TXT].
2.1.1. WIDE: Talent adding yeast to flask, with stock medium container visible in frame TEXT: See text for all medium/reagent preparation details
2.2. Three to four hours before the analysis, dilute the logarithmic phase yeast culture in fresh NSD medium so that the final optical density at 600 nanometers, or OD600 (O-D-six hundred), will be 0.5-0.8 at the time of imaging [2].
2.2.1. MED: Talent adding yeast to new container, with NSD medium containers visible in frame
2.2.2. MED: Talent adding sample to spectrophotometer

2.3. At least 1 hour before the culture is ready, centrifuge an aliquot of a 2 milligrams/milliliter concanavalin A solution for 5 minutes at full speed to pellet any particulates [1] and add 250 microliters of the supernatant into a clean 35-millimeter glass bottom microscopy dish [2]. 

2.3.1. MED: Talent adding tube(s) to centrifuge
2.3.2. CU: ConA being added to dish, with ConA tube label visible in frame

2.4. After 15 minutes, wash the dish 2-3 times with 2 milliliters of distilled water per wash [1], adding 250 microliters of the yeast culture to the concanavalin A-coated dish after it has dried [2].

2.4.1. CU: Dish being washed
2.4.2. MED: Talent adding yeast to dish, with yeast culture flask visible in frame

2.5. Wait 10 minutes to allow the cells to adhere [1] before gently washing the dish 2-3 more times with 2 milliliters of fresh NSD medium [2]. 

2.5.1. MED: Talent setting timer, with dish visible in frame
2.5.2. CU: Dish being washed with medium, with medium container label visible in frame

2.6. Then cover the cells with 2 milliliters of fresh NSD [1].

2.6.1. MED: Talent adding medium to dish, with medium container visible in frame 

3. Imaging 

3.1. To image the yeast cells, select a 63X oil immersion lens with a numerical aperture of at least 1.4 on a confocal light microscope [1] and place the dish on the objective lens spotted with immersion oil [2]. 

3.1.0. [Shot Added]: WIDE: Talent at computer opening Leica software and selecting lens, with monitor visible in frame (Editor: This can be used an establishing shot here however you see fit)
3.1.1. SCREEN: Leica software being opened and 63X objective being selected
3.1.2. WIDE: Talent placing immersion oil and dish on the objective 

3.2. From the dropdown menu of the Acquisition Mode tab, select xyzt (X-Y-Z-T) [1].

3.2.1. SCREEN: 3_2_1: Acquisition Mode tab open xyzt being selected

3.3. Under the XY tab, format the frame size to 256 width x 128 height. Use the maximum scan speed, which is typically on the order of 8 kilohertz [1]. 

3.3.1. SCREEN: 3_3_1: Shot of XY tab, then frame size being formatted, and then scan speed being selected pointed out.

3.4. Turn on bidirectional X scanning if it is available, adjust the zoom factor to 9, which will result in a pixel size of approximately 80 nanometers, and set the line accumulation to 4 or 6 [1]. 

3.4.1. SCREEN: 3_4_1: Bidirectional X scanning being turned on, zoom factor being adjusted, and line scan accumulation being set 
 
3.5. Set the pinhole to 1.2 Airy units and turn on the white light laser if available [1].

3.5.1. SCREEN: 3_5_1: Pinhole being set to 1.2 Airy units, then white laser being turned on

3.6. Then set the excitation wavelength and percent laser power for each fluorescence channel [1-TXT].

3.6.1. SCREEN: 3_6_1: Excitation and laser power being set for both fluorescence channels TEXT: Set each laser intensity to level that will give visible signal w/o rapid bleaching as determined by preliminary experiments

3.7. For each fluorescence channel, assign a high sensitivity detector [1], set the emission wavelength range, and turn on photon counting mode if available [2].

3.7.1. SCREEN: 3_7_1: Maximum integration time must be de-selected from the hardware settings menu in the configuration tab in order to use photon counting mode

3.7.2. SCREEN: 3_7_2: High sensitivity detector being assigned, emission range being set, and photon counting mode being turned on

3.8. Set the time gating window to 0.6-10 nanoseconds for each fluorescence channel to avoid capturing reflected light from the glass dish [1-TXT].

3.8.1. SCREEN: 3_8_1: Time gating being set TEXT: Alternative: Use Notch filtering to prevent reflected light capture

3.9. Next, turn on brightfield imaging and select a low sensitivity detector for the data collection [2].

3.9.1. SCREEN: 3_9_1: Brightfield imaging being turned on, then low sensitivity detector being selected Transmitted Light Detector (TLD) dropdown menu being opened, then low sensitivity detector being turned on. Brightfield imaging being indicated 

3.10. Turn on live-imaging mode [1] and turn up the gain in the brightfield channel until the cells are clearly visible [2].

3.10.1. SCREEN: 3_10_1: Live-imaging being turned on and cells becoming more visible in brightfield channel as the gain is increased
3.10.2. MED: Talent turning gain knob, with monitor visible in frame as possible 

3.11. If in photon counting mode, change the range of gray values from manual to automatic to view the fluorescent signal [1].

3.11.1. SCREEN: 3_11_1: Gray values being changed from manual to automatic

3.12. Set the Z-stack to image the entire volume of yeast cells and specify the directionality of the imaging such that “down” moves toward the coverslip [1].

3.12.1. SCREEN: 3_12_2: Optical range being set and directionality of image acquisition being specificed. Fluorescent signal visibly changing as talent scrolls through Z-plane. Then Optical range being set and directionality of image acquisition being specified (Author Comment: “Begin” and “End” buttons turn red once set in screenshot. Screenshot_3_12_1 mistakenly labeled 3_12_2 in file upload page. There is not step 3_12_2.)

3.13. Set the Z-step interval to 0.25-0.35 micrometers to obtain about 20-25 optical sections per Z-stack [1] and turn on the Galvo-Flow if it is available [2].

3.13.1. SCREEN: 3_13_1: Z-step size being set and Galvo-Flow being turned on

3.14. For a typical movie, set the time interval between Z-stacks to 2 seconds and set the movie duration to 5-10 minutes [1-TXT].

3.14.1. SCREEN: 3_14_2: Time interval and movie duration being set TEXT: Reduce interval for short movies w/ fast dynamics/increase interval for longer movies w/ slow dynamics (Author Comment: Extra step 3_14 files uploaded by mistake. Please use the two files indicated below. To be used with uploaded file 58618_3_14_2(1))
3.14.2. SCREEN: 3_14_3: Start being selected and Several movie frames being acquired (Author Comment: To be used with uploaded file 58618_3_14_3)

3.15. Then save the movie as a LIF file [1].

3.15.1. SCREEN: 3_15_1: Movie being saved

4. Deconvolution and Bleach Correction 

4.1. For movie deconvolution, launch an appropriate deconvolution software program that uses the Classic Maximum Likelihood Estimation algorithm [1] and open the data series [2]. 

4.1.1. WIDE: Talent launching program, with monitor visible in frame
4.1.2. SCREEN: 4_1_2: Movie being opened TEXT: Here Huygens software is used

4.2. Select Deconvolution wizard and Parameter editor to confirm that the imaging parameters are detected and correctly displayed. Then change the Embedding medium Refractive indexes value to 1.4 to approximate the yeast cytoplasm. Then use the editor to estimate the coverslip position [1].

4.2.1. SCREEN: 4_2_1: Deconvolution wizard and parameter editor being selected, shot of values in the Parameter editor, then Embedding medium value being set to 1.4, and background estimation coverslip position estimate being set.

4.3. Select Set all verified and click Accept and Select Enter wizard [1].

4.3.1. SCREEN: 4_3_1: Set all verified and Accept being selected, then Enter wizard being selected

4.4. Click the next arrow to bypass the point spread function selection and cropping preprocessing stages and proceed through the Deconvolution wizard for each fluorescence channel [1].

4.4.1. SCREEN: 4_4_1: Next arrow being clicked, then first fluorescence channel step being initiated in Deconvolution wizard

4.5. Select the Compute Logarithmic Vertical mapping function and inspect the raw data fluorescence intensity profile [1].

4.5.1.  SCREEN: 4_5_1: Composite Logarithmic Vertical mapping function being selected, then shot of raw data fluorescence intensity profile being inspected

4.6. Set Manual as the mode for the background estimation, enter a background value, and click Accept [1].

4.6.1. SCREEN: 4_6_1: Deconvolution wizard being followed for one channel/Manual being selected, background value being entered, then Accept being clicked

4.7. Leave the Maximum iterations value at 40 and enter an estimated signal-to-noise ratio [1]. 

4.7.1. SCREEN: 4_7_1: Shot of maximum iterations value of 40, then SNR value being entered

4.8. Then turn off the bleach correction and click Deconvolve [1].

4.8.1. SCREEN: 4_8_1: Bleach correction being turned off, then Deconvolve being clicked

4.9. Select Accept to next channel in the deconvolution result window if the noise is sufficiently removed without eliminating the genuine fluorescence from the dim structures [1-TXT].

4.9.1. SCREEN: 4_9_1: Scroll through deconvolution result then click accept to next channel TEXT: Repeat deconvolution w/ adjusted background and SNR values as necessary
4.9.2. SCREEN: 4_9_2: Deconvolution of second fluorescent channel shown

4.10. Once all of the fluorescent channels have been satisfactorily deconvolved, click All done and arrange the red channel first, followed by the green, blue, and brightfield channels for subsequent editing in ImageJ [1].

4.10.1. SCREEN: 4_10_1: All done being clicked, then channels being arranged

4.11. Then save the image sequence as an 8-bit TIFF file and select One file per channel and Contrast stretch as the conversion mode. 

4.11.1. SCREEN: 4_11_1: Image sequence being saved, the One file per channel and Contrast stretch being selected

4.12. For bleach correction, import the deconvolved image sequence into ImageJ [1] and click Image, Hyperstacks, Stack to Hyperstack to convert the images into a hyperstack [2].

4.12.1. WIDE: Talent importing image sequence into ImageJ, with monitor visible in frame
4.12.2. SCREEN: 4_12_2 and 4_13_1: Image, Hyperstacks, and Stack to Hyperstack being selected

4.13. Select xyzct from the drop-down menu and enter the number of channels, Z-stack slices, and time frames [1].

4.13.1. SCREEN: 4_12_2 and 4_13_1: xyzct being selected, then number of channels, Z-stack slices, and time frames being entered 

4.14. To correct the fluorescence channels for photobleaching, select Image, Color, Split Channels, Plugins, EMBLtools (emble-tools), Bleach Correction, and Exponential Fit [1-TXT]. 

4.14.1. SCREEN: 4_14_1: Image, Color, and Split Channels, Plugins, EMBLtools, Bleach Correction, and Exponential Fit being selected TEXT: http://wiki.cmci.info/downloads/bleach_corrector

4.15. Then select Image, Color, and Merge Channels to merge the brightfield and bleach-corrected fluorescence channels into a hyperstack and save the resulting hyperstack as an 8-bit TIFF file [1].

4.15.1. SCREEN: 4_15_1: Image, Color, and Merge being selected, then hyperstack being saved

5. Movie Generation and Editing to Isolate and Analyze Individual Structures 

5.1. To convert the deconvolved and bleach corrected dataset to a scaled montage [1], select Plugins, IJ (I-J) Plugins, and Make Montage Series, and select the relevant 8-bit hyperstack [2]. 

5.1.1. WIDE: Talent opening ImageJ/plugins, with monitor visible in frame
5.1.2. SCREEN: 5_1_2: Plugins, IJ plugins, Make Montage Series being selected, then hyperstack being selected

5.2. Click Open and Ok to accept that all of the slices will be used to create the montage and click Ok again to accept the suggested scale factor value [1].

5.2.1. SCREEN: 5_2_1: Open and Ok then Ok being clicked and montage being made

5.3. Save the original montage as an 8-bit TIFF file [1] and select Plugins, IJ_Plugins, Montage Series to Hyperstack, and Ok to create a 4D hyperstack from the original montage that includes all of the time frames [2].

5.3.1. SCREEN: 5_3_1: Montage being saved, then Plugins, IJ Plugins, Montage Series to Hyperstack and OK being clicked, and montage converted to hyperstack
5.3.2. SCREEN: 5_3_2: Save hyperstack created from original montage series

5.4. To generate the original average projected movie, first select Plugins, IJ_Plugins, Project Hyperstack, and Ok to accept the Z-projection default parameters [1].

5.4.1. SCREEN: 5_4_1: Close the montage series, then Plugins, IJ_Plugins, Project Hyperstack and Ok being clicked

5.5. Save the average projected movie as an 8-bit TIFF file and inspect the movie to identify individual structures that can be tracked for the duration of their labeling period. 

5.5.1. SCREEN: 5_5_1: Movie being saved, then structure being identified

5.6. Natalie Johnson: Identifying a structure that can be reliably tracked for the duration of the movie and isolating that structure for analysis are the most critical steps of the procedure [1].

5.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

5.7. Then follow instructions in the plugin user guide [1] to isolate structure(s) of interest by editing the montage [2].

5.7.1. MED: Talent reading document, with monitor visible in frame
5.7.2. SCREEN: 5_7_2: Run edit montage series plugin, edit several frames, and save the edited montage.
 
5.8. Create a 4D hyperstack from the edited montage and save the edited hyperstack [1].

5.8.1. SCREEN: 5_8_1: Run the montage series to hyperstack plugin, specify the relevant time points, and save the resulting hyperstack.

5.9. To quantify the fluorescence intensity over time for the isolated structure in the edited 4D hyperstack, select Plugins, IJ_Plugins, and Analyze Edited Movie, input the time interval between Z-stacks, and click Ok [1].

5.9.1. SCREEN: 5_9_1: Plugins, IJ-Plugins, and Analyze Edited Movie being selected, then time being entered, and Ok being clicked

5.10. To create a final movie of the isolated structure, select Plugins, IJ_Plugins, and Project Hyperstack, specify the Z-stack slices that should be included, select Average Intensity as the Projection Type, and click Ok.

5.10.1. SCREEN: 5_10_1: Edited hyperstack being average projected to create a final edited movie

5.11. To create a 4D hyperstack with the original data over the edited data, select Plugins, IJ_Plugins, Merge two hyperstacks, and Place first above second [1-TXT].

5.11.1. SCREEN: 5_11_1: Plugins, IJ_Plugins, Merge two hyperstacks, and Place first above second being selected TEXT: Convert original montage series to hyperstack for period including structure(s) of interest  

5.12. To generate a movie from the 4D hyperstack with the original data over the edited data, select Plugins, IJ_Plugins, and Project Hyperstack, specify the Z-stack slices that should be included, select Average Intensity as the Projection Type, and click Ok [1].

5.12.1. SCREEN: 5_12_1: Plugins, IJ_Plugins, Project Hyperstack, Z-stack slices being specified, Average Intensity being selected and Ok being clicked
[bookmark: _GoBack]Section – Results
6. Results: Representative 4-Dimensional (4D) Yeast Microscopy 

6.1. Here the first frame of a Z-stack projection of raw data [1] can be compared to the same deconvolved and bleach-corrected data [2].

6.1.1. LAB MEDIA: Figure 1A left image
6.1.2. LAB MEDIA: Figure 1A right image

6.2. These frames from the same deconvolved and bleach-corrected movie show two cisternae that were analyzed [1], which first label with the green vanadate resistance glycosylation protein 4, or Vrg4 (verge-four), marker and later with the red secretory 7, or Sec7 (seek-seven), gene transport protein marker [1].

6.2.1. LAB MEDIA: Figure 1B: JoVE Video Editor: please emphasize arrows indicating green signal transitioning into red signal for the cisterna on the left
6.2.2. LAB MEDIA: Figure 1B: JoVE Video Editor: please emphasize arrows indicating green signal transitioning into red signal for the cisterna on the right

6.3. This montage created from a deconvolved and bleach-corrected hyperstack [1] shows all of the optical sections at a single time point before and after editing [2] to allow isolation of the signal from one of the chosen cisternae [3].

6.3.1. LAB MEDIA: Figure 2
6.3.2. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize the unedited montage on the top row of images
6.3.3. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize the edited montage on the bottom row of images

6.4. In this figure, several frames from the final movie of the projected Z-stacks are shown with the original projections at the top of the figure [1] and the edited projections at the bottom [2].

6.4.1. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize top row where cisterna 1 undergoes a green-to-red transition
6.4.2. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize bottom row where cisterna 2 undergoes a green-to-red transition

6.5. Quantification of the green and red fluorescence signals from the chosen Golgi cisternae reveals that the green Vrg4 marker arrives and persists for about 80 seconds [1], after which the red Sec7 marker arrives and persists for about 60 seconds [2], with a brief period of overlap between the two markers [3].

6.5.1. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize green data line in both graphs
6.5.2. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize red data line in both graphs
6.5.3. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize area in both graphs where green and red lines overlap



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Natalie Johnson: (Step: 5.5) When performing this procedure, it’s important to identify structures that can be unambiguously tracked throughout their lifetimes [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Natalie Johnson: The same type of analysis can be performed after making a mutation or some other type of specific perturbation [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Benjamin S. Glick: This technique has opened the way to studying the dynamic behavior of Golgi cisternae and endoplasmic reticulum exit sites using yeast as a model system [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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