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Abstract

Single-cell microscopy provides a powerful tool to visualize cellular and subcellular processes in 

wild-type and mutant cells by observing fluorescently tagged proteins. Here, we describe three 

simple methods to visualize fission yeast cells: gelatin slides, coverslip-bottom dishes, and tetrad 

fluorescence microscopy. These imaging methods and data analysis using free software make it 

possible to quantify protein localization, dynamics, and concentration with high spatial and 

temporal resolution. In fission yeast, the actomyosin contractile ring is essential for cytokinesis. 

We use the visualization and quantification of contractile ring proteins as an example to 

demonstrate how to use these methods.
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1 Introduction

The discovery and modification of the GFP (Green Fluorescent Protein) have revolutionized 

biomedical research and triggered the development of highly automated live cell 

fluorescence microscopy [1 – 6]. Analysis of fluorescence images and time-lapse movies has 

redefined the understanding of many biological processes. The unicellular fission yeast 

Schizosaccharomyces pombe is a particularly useful organism to study cytokinesis in live 

cells. The actomyosin contractile ring is essential for cytokinesis in fission yeast. 

Characteristics such as less genetic redundancy, regular cell size and shape, and efficient 

homologous recombination make S. pombe ideal for observing and studying contractile ring 

proteins during cytokinesis [7 – 9].

Visualization of a protein in S. pombe involves gene targeting to tag the protein of interest 

with a fluorescent protein at one of its termini, ideally expressed at its endogenous level 

[10]. A variety of options are available for choosing fluorescent proteins and techniques for 

imaging. Here, we demonstrate the need to choose the best monomeric fluorescent proteins 

with two examples. Depending on the duration and temperature of imaging, we describe 

how to visualize fission yeast cells using gelatin slides [11 – 14] and coverslip-bottom dishes 

[15, 16]. Visualization using gelatin slides is ideal for counting protein molecules and 
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making short time-lapse movies (1–2 h) at lower temperatures. Using coverslip-bottom 

dishes allows imaging for longer durations (>2 h) and at higher temperatures.

We also describe a novel microscopy technique called “tetrad fluorescence microscopy” that 

we have developed to unequivocally determine the phenotypes of deletions of essential 

genes and synthetic lethal interactions [16, 17]. The technique is a promising new approach 

to determine the cause of cell death in synthetic lethal double mutants or in deletions of 

essential genes by following the progenies of a meiotic event. Using both a tetrad dissection 

microscope and a sensitive fluorescence microscope, this fusion microscopy technique can 

distinguish the possible causes of cell death in cells expressing certain fluorescent markers 

with a much higher certainty and resolution than the traditional random spore assays. 

Because spore germination and growth are often highly variable, imaging cells with known 

genotypes shortly after spore germination simplifies the process necessary to obtain images 

of cell polarization and the first few mitotic divisions [16].

Then we discuss some basic consideration on microscopy settings to obtain the best images. 

Finally, we briefly explain how to quantify the timing of contractile ring proteins using 

established methods and free software ImageJ [9, 11, 18]. We hope that these detailed 

methods are useful for studies of cytokinesis and other cellular processes.

1.1 How to Choose the Best Fluorescent Proteins for Imaging

The published guides for choosing suitable fluorescent proteins should be followed [19 – 

21]. Here, we emphasize two important considerations. Besides maturing rapidly and having 

a bright signal, ideal fluorescent proteins should be thermal stable and functional when fused 

with the protein of interest. A good example to illustrate this point is by comparing the tags 

GFP (S65T) and EGFP(F64L, S65T). The plasmid pFA6a-GFP(S65T)-kanMX6 for gene 

targeting was described in [10, 22, 23] and widely distributed/used in yeast community. At 

36 °C, cells expressing fimbrin Fim1 tagged with enhanced GFP (EGFP) were normal (Fig. 

1a). However, cells expressing fimbrin Fim1-GFP(S65T) had severe cytokinesis defects such 

as accumulating multiple and/or misplaced/aberrant septa (Fig. 1b). Thus, GFP(S65T) 

should not be used except for some special experiments.

Another important consideration is the difference between regular (often forming a weak 

dimer) and monomeric fluorescent proteins. For example, YFP (Yellow fluorescent protein) 

is a weak dimer and mYFP (monomeric YFP) has a dimer interface breaking mutation 

A206K [20, 24]. Septin Spn1 tagged with mYFP showed normal septin localization to the 

double ring at the division site (Fig. 2a). In contrast, Spn1-YFP formed atypical structures 

such as bars or spirals in the cytoplasm in addition to its normal division site localization 

(Fig. 2b). Thus, monomeric fluorescent proteins should be used whenever possible to avoid 

artificial dimerization of the tagged proteins.

2 Materials

The recipes for the standard fission yeast media can be found at PombeNet of the Forsburg 

lab at http://www-bcf.usc.edu/~forsburg/media.html. The S. pombe strains used in this study 

are listed in Table 1.
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2.1 Materials for Microscopy Using Gelatin Slides

1. Edinburgh minimal medium + Supplements (EMM5S) liquid medium (minimal 

medium with low autofluorescence).

2. Yeast extract medium + Supplements (YE5S) agar plates and YE5S liquid 

medium (rich medium with slightly higher autofluorescence).

3. 10× n-propyl-gallate (n-PG) stock solution: 50 μM n-propylgallate in EMM5S or 

YE5S. Keep at −20 °C in the dark.

4. Gelatin from porcine skin.

5. Valap: 1:1:1 of Parafin, Vaseline, and Lanoline. Melt equal weight of each 

component completely at ~80 °C, mix thoroughly, and aliquot into 1.5 ml 

microcentrifuge tubes before solidification. Keep at room temperature.

6. Regular glass slides and 22 mm No. 1.5 square coverslip.

7. Fluorescence microscope.

2.2 Materials for Microscopy Using Coverslip-Bottom Dishes

1. YE5S agar plates and YE5S liquid media.

2. Delta TPG 35-mm culture dish with No. 1.5 coverslip bottom (0.17 mm thick, 

round).

3. 18 mm × 18 mm No. 1.5 square coverslip.

4. Fluorescence microscope.

2.3 Materials for Tetrad Fluorescence Microscopy

1. Sporulation medium + Supplements (SPA5S) plates for crosses and sporulation.

2. YE5S agar plates with flat surface for tetrad dissection: 25 ml melted YE5S agar 

in each 100 × 15 mm petri dish. Lay out singly on a flat surface before agar 

solidification. Dry for 2 days at room temperature and then keep at 4 °C for 

storage.

3. Tetrad dissection microscope.

4. No.1.5 coverslips: 22 mm × 50 mm and 24 mm × 60 mm

5. Rectangular plastic frame to prevent agar medium from drying: the dimensions 

of the homemade frame are 50 mm × 23 mm × 3 mm (outer edge) and 40 mm × 

17 mm × 3 mm (inner edge).

6. Fluorescence microscope with an automated stage.

2.4 Software for Quantification and Data Analysis

1. Image acquisition: Volocity Beta 6.3.1 or UltraVIEWERS or others.

2. Quantification and data analyses: ImageJ (NIH) at http://imagej.nih.gov/ij/.
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3 Methods

3.1 Preparing Cells for Microscopy

1. Wake up cells from −80 °C stocks and grow on a YE5S plate for 2 days at 25 °C 

(or other plates and temperatures dependent on the strains). Re-streak cells on the 

plate twice.

2. Inoculate a strain in YE5S liquid medium (or other medium) in a baffled 50 ml 

flask and grow cells in 25 °C water bath with shaking. Prior to microscopy, cells 

are usually grown in YE5S liquid for ~48 h (see Note 1). The optical density 

(OD) of cells is measured at 595 nm. The OD595 should always be maintained at 

less than 0.5 (1 × 10 7 cells/ml) to assure that cells are growing in the log phase. 

Thus, the culture needs to be diluted using fresh YE5S medium every 9–15 h.

3. Spin down 1 ml of the cells at 3000 rpm (approximately 850 × g) for 30 to 60 s. 

Alternatively, spin cells for 30 s, rotate the microcentrifuge tube 180°, and then 

spin for another 30 s. Remove the supernatant.

4. Wash the cells in 1 ml fresh EMM5S to reduce background fluorescence (see 
Note 2), and spin down the cells as described in step 3. Remove the supernatant.

5. Add 900 μl of fresh EMM5S and 100 μl of 10× n-PG stock solution made in 

EMM5S (thawed and warmed up to room temperature) to resuspend the cells and 

keep the cells in the dark for several minutes (see Note 3). Spin down the cells as 

described in step 3 just before the slide is ready.

6. Remove extra supernatant and resuspend the cells in the remaining 20–100 μl 

(the volume dependent on cell concentration) of medium.

3.2 Microscopy Using a Gelatin Slide

1. Add 0.9 ml of EMM5S (or YE5S if the autofluorescence from the medium is not 

a concern) liquid medium to a microcentrifuge tube.

2. Add 0.25 g of gelatin to the 0.9 ml of EMM5S. Mix immediately by shaking 

vigorously so that gelatin will not clog at the top of the tube.

3. Place the tube at 65 °C hot plate (dry bath) for ~5 min to melt gelatin.

4. Add 100 μl of 10× n-PG stock solution in EMM5S (or in YE5S if YE5S is used 

in step 1 ) to the tube (see Note 4). Invert the tube a few times to mix thoroughly. 

Keep the tube at 65 °C and cover with foil. Wait for approximately 20 min until 

all air bubbles disappear.

1The long culture time is necessary to ensure data consistency. For mutants that pick up a suppressor quickly, cells are usually grown 
in liquid medium for a shorter time.
2This wash step is most useful for epifluorescence microscopy or for proteins with low abundance. It is not absolutely required for 
microscopy with spinning disk confocal microscope. When imaging in a dish with YE5S agar, the cells need to be washed only once 
with 900 μl of YE5S + 100 μl of 10× n-PG made in YE5S. Then directly proceed to step 6.
3n-PG (Sigma P-3130) protects cells from free radicals during microscopy. It is light sensitive. An aliquot can be kept at room 
temperature in the dark for 1 day. Stocks should be kept at −20 °C for long-term storage.
4Medium with gelatin is viscous. Do not use a pipette to mix.
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5. Wipe slides clean. Then slowly take 100 to 150 μl of the melted EMM5S + 

gelatin + n-PG using a 1 ml pipette and add to the center of the slide. Avoid 

introducing air bubbles on the slide (see Note 5). Place another clean slide on top 

of the gelatin medium and clip one small paper binder on each end of the slides 

(see Note 6). The two slides should stagger a little bit to aid the eventual slide 

separation. Keep the clipped slides in the dark for 15–20 min to solidify the 

gelatin medium (see Note 7). Make two or three slides for each strain to ensure 

at least one is good.

6. Keep the microcentrifuge tube with extra gelatin medium at room temperature in 

the dark (see Note 8).

7. When the cell sample is ready to be loaded onto the slide (see Note 9), slowly 

separate two slides from one side by removing one binder. Separate the slides 

with a razor blade if necessary. Then remove the other binder. If no cracks appear 

in the middle of the solidified gelatin then the slide is usable since the entire 

gelatin pad will stick to one of the slides.

8. Pipet 5 μl of the concentrated cells from step 6 of ‘Preparing cells for 
microscopy’ to the center of the gelatin pad. Cover the cells with a 22 mm No. 

1.5 square coverslip. Gently tap the coverslip with the blunt end of a 1 ml pipet 

tip to spread the cells evenly and avoid cell overlaps.

9. Seal the edges of the coverslip properly using Valap melted at 65 °C to prevent 

the slide from drying out.

10. Observe the slide on a microscope.

3.3 Microscopy Using a Coverslip-Bottom Dish

1. If cells are grown and being observed at temperatures other than the room 

temperature, all used materials (dish, agar plate, liquid YE5S, n-PG, tips, 

microcentrifuge tubes, etc.) should be pre-warmed to the desired temperature 

(see Note 10).

2. Cut YE5S agar medium in a circle shape with a diameter of ~20 mm using a 

sterile razor blade from a YE5S plate (see Note 11). To be consistent from 

experiments to experiments, the YE5S agar plate for tetrad dissection is 

5A trick to pipet the liquid onto the slide without introducing bubbles is to avoid dispensing the last tiny drop of liquid in the pipette 
tip. If the bubbles are still introduced, they can be sucked up using the pipette tip. Because the gelatin medium is viscous, do not use a 
200 μl pipette to dispense it.
6When putting on the paper clips on both ends of the slides, it is better to hold one end while clipping the other. This ensures that the 
gelatin pad is even and not torn apart.
7If the slide is kept longer than 30 min before use, the slides can be put in an airtight container with wet paper towels to prevent the 
gelatin pad from drying out.
8The leftover EMM5S + gelatin + n-PG should be removed from the 65 °C hot plate after making the slides. Prolonged incubation at 
65 °C may damage the vitamins and other components in the medium. In addition, it takes only a few minutes to re-melt the medium.
9Begin preparing cells for imaging ~10 min after preparing the slides and keeping them in the dark.
10When imaging cells at a temperature other than the room temperature, all the steps should be done on a surface warmed to that 
temperature. We use a small portable incubator that has been preheated for this purpose. The microcentrifuge tube with cells is kept in 
a beaker with water at the desired temperature during the collection and wash.
11Before cutting, you can draw a circle on the bottom of the petri dish using a coin (e.g. a five-cent coin struck by the United States 
Mint with a diameter ~21 mm) as the guide.
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recommended. It is better to add n-PG to a final concentration of 5 μM when 

making the plate.

3. Place 2–10 μl of concentrated cells washed with 900 μl YE5S plus 100 μl 5 μM 

n-PG in YE5S onto the center of the cover-slip of the dish.

4. Place pre-cut agar on top of the cells.

5. Place an 18 mm × 18 mm No. 1.5 coverslip on top of the agar to slow down the 

evaporation.

6. Gently tap on the top of the 18 mm × 18 mm coverslip to spread cells evenly 

with the blunt end of a 1 ml pipet tip.

7. Cover the dish with its lid and observe the dish on a microscope.

3.4 Tetrad Fluorescence Microscopy

1. Tetrad dissection is carried out from a 2- or 3-day-old cross as usual with one 

modification. Place the spores 2.5 mm apart from each other in both X and Y 

axes using the micromanipulator and glass-fiber needle (see Note 12).

2. Grow the dissected tetrads at 25 °C or other desired temperatures for 12–24 h or 

longer if necessary (see Note 13).

3. Preparing the agar plates with dissected tetrads for fluorescence microscopy: 

Since locating single or a few cells derived from germinating spores under a high 

magnification microscope can be a challenge, we mark the tetrads for imaging by 

punching holes in the agar near the cells using the dissection needle under the 

tetrad dissection microscope (see Note 14).

4. Preparing slides for the tetrad fluorescence microscopy: Typically, imaging 3 or 

4 tetrads on a fluorescence microscope with an automated stage would yield 

images with enough temporal and spatial resolution (Fig. 3a). We cut an agar 

piece with 3–4 tetrads using the 22 mm × 50 mm coverslip. Then insert the 

coverslip underneath the agar and scoop up the agar piece that has been cut 

(tetrads facing up) (Fig. 3b, top). Center the agar on the coverslip and place the 

plastic frame around it (Fig. 3b). Then cover the tetrads with a slightly bigger 24 

mm × 60 mm coverslip. Make sure the bigger coverslip is resting evenly on the 

agar without any air bubbles (see Note 15).

12Typically spores from tetrads are placed 5 mm apart. However, it takes too long for the automated stage to travel that distance over 
ten times at each time point during time-lapse imaging so 2.5 mm spacing is used.
13The growth time depends on when the phenotype shows up in the mutant. For example, if the mutant dies during the first cell 
division or cell cycle, shorter incubation times are appropriate.
14These holes in the medium are easily visible to the eye and under the microscope. Different patterns may be used to mark the 
location of the cells/colonies/spores.
15Place the coverslip on the agar from one end and then release it slowly to prevent the formation of air bubbles. At this point the 
punched holes on the agar medium become less visible to eyes. Thus, it is helpful to make a mark on the coverslip using a permanent 
marker. Do not shift the coverslip once it has been placed on the agar. The frame is designed to be slightly thinner than the agar. 
Alternatively, one can use an 18 × 18 mm coverslip to scoop up the agar with tetrads and then invert it onto a coverslip-bottom dish for 
imaging.
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5. Invert the entire setup (tetrads facing down), clamp and rest it on slide holder 

over an objective lens (immersion oil added) for 5–10 min before imaging (Fig. 

3c).

6. Use the marks in the agar to focus and to assist in finding colonies. Alternatively, 

the automated stage can be used to find the colonies based on the regular spacing 

between them.

7. Save each colony coordinates using the imaging software so they can be revisited 

for imaging at each time point.

3.5 Image Acquisition

Settings of image acquisition depend on the imaging system, camera, acquisition software, 

and signals of the samples. Using appropriate microscopy settings is important to obtain a 

good fluorescence image. Laser power or other excitation lights must be adjusted so that 

they do not cause excessive photobleaching and phototoxicity. Whenever possible, use lower 

excitation power and longer exposure times without sacrificing the temporal resolution to 

obtain decent images. One method to boost the signal artificially is to adjust gain/sensitivity 

setting that amplifies the signals at the camera/detector. Another way to improve image 

brightness while slightly compromising spatial resolution is to adjust the binning. For 

regular CCD camera (like Hamamastu ORCA AG), we use 2 × 2 binning due to its small 

pixel size. However, binning is not recommended for EMCCD camera due to its bigger pixel 

size.

3.6 Quantification of Microscopy Data

A tremendous amount of informative and quantitative data can be extracted from 

microscopy images, like absolute global and local protein concentrations and timing of 

cytokinesis events. We and others have discussed how to count protein molecules 

extensively elsewhere [14, 17, 19, 25 – 28]. Here, we use quantification of the timing of 

contractile-ring proteins during cytokinesis as an example to explain how to analyze 

microscopy data using free software ImageJ (see Note 16).

1. Download and install ImageJ from http://imagej.nih.gov/ij/. Choose the version 

for your operating system. You can also download many useful Plugins from the 

website.

2. Open the microscopy data file in ImageJ as a TIFF file by importing it as “Image 

sequence” or “Bio-Formats” (see Note 17). The images are usually grouped in 

separate channels, like DIC and fluorescence channels.

3. Combine different Z-slices at the same time point using “Z projection” function 

in the Stacks option under Image tab (see Note 18). Typically this action gives a 

16Fiji is an image processing package that is akin to an advanced version of ImageJ and can also process super-resolution microscopy 
data. It is a free software and can be downloaded from www.Fiji.sc/Fiji.
17“Image sequence” import is used for TIFF files. “Bio- Formats” import can be used for library files from Volocity multi-file library.
18Typically, the Z-slices are combined using “Max Intensity” projection. If the signal intensity needs to be quantified or compared, 
“Sum Slices” projection should be used.
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better signal for analysis. However, depending on the purpose, sometimes single 

slice is needed for analysis as well.

4. Open the “Brightness/Contrast” function in the Adjust option under Image tab. 

This allows the user to adjust the image. “Auto” option will usually give a good 

contrast of the image. If needed, “Set” option allows the user to manually enter 

the minimum and maximum displayed values (see Note 19).

5. Quantify the timing of contractile ring proteins by comparing it to different 

markers. The contractile ring protein, myosin II heavy chain Myo2, is a 

commonly used marker because the distinct stages of cytokinesis are easily 

distinguishable (Fig. 4). The timings of other proteins can be compared to the 

stages defined by Myo2. We usually use the spindle pole body protein Sad1 as an 

accurate marker for the cell-cycle stages (Fig. 4). Spindle pole body separation 

marks the entry of mitosis and is generally considered as time zero (see Note 
20).

(a) Cytokinesis node assembly: This stage starts from the appearance of 

cytokinesis nodes at the division site to the time point just before nodes 

begin to condense around time zero (see Note 21).

(b) Contractile ring assembly: This stage starts from the beginning of node 

condensation to the formation of a compact ring without lagging nodes.

(c) Contractile ring maturation: This stage begins when a compact ring is 

formed until the ring starts to constrict.

(d) Contractile ring constriction: This stage begins when the contractile 

ring starts to constrict and ends when the ring has constricted to a dot 

(with the highest Myo2 pixel intensity). The Myo2 fluorescence 

intensity at the division site drops rapidly right after the end of ring 

constriction. The septum forms during ring constriction.

(e) Contractile ring disassembly: This stage is from the completion of ring 

constriction to the disappearance of Myo2 signal at the division site. 

This is a narrow definition of ring disassembly since ring components 

also disassemble during ring constriction.
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Fig. 1. 
Confocal microscopy of (a) fimbrin Fim1-EGFP and (b) Fim1- GFP (S65T). DIC 

(Differential Interference Contrast) images are shown to the left and the corresponding 

fluorescence images to the right. The fluorescence images are a maximum intensity 

projection of 21 slices with 0.3 μm spacing. Cells were grown in YE5S liquid medium for 

~36 h at 25 °C, then shifted to 36 °C for 10 h before imaging at 36 °C. Cells were imaged 

using coverslip-bottom dish at 36 °C. Bar, 5 μm
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Fig. 2. 
Confocal microscopy of (a) septin Spn1-mYFP and (b) Spn1-YFP. DIC images are shown to 

the left and the corresponding fluorescence images to the right. The fluorescence images are 

a maximum intensity projection of 31 slices with 0.2 μm spacing. The dash lines mark the 

cell boundary in (b). Cells were cultured in YE5S liquid medium for ~48 h at 25 °C and 

imaged on slides with YE5S medium at 24 °C. Bar, 5 μm
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Fig. 3. 
Illustration of tetrad fluorescence microscopy. (a) Tetrads were dissected onto a YE5S plate 

made for tetrad dissection. (b) Four tetrads were cut out from the plate and placed (cells 

facing up) on a 22 mm × 50 mm glass coverslip. A plastic frame is then placed around the 

agar piece followed by a longer glass coverslip (24 mm × 60 mm) over the agar. (c) The 

entire setup from (b) was inverted and imaged using a 100× oil immersion lens
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Fig. 4. 
Stages of cytokinesis in fi ssion yeast. Wild-type cells expressing mEGFP-Myo2 and Sad1-

mCherry at their endogenous levels were used. The time course of a representative cell from 

a movie with 90 s interval is shown. The fluorescence images are a maximum intensity 

projection of 13 slices with 0.5 μm spacing. Time zero marks SPB separation. The dotted 

lines separate the various stages of cytokinesis. Bar, 5 μm
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Table 1

S. pombe strains used in this study

Strain Genotype Source

JW811 h-spn1-YFP-kanMX6 ade6-M210 leu1-32 ura4-D18 This study

JW1092 h-spn1-mYFP-kanMX6 ade6-M210 leu1-32 ura4-D18 This study

JW1143 h-fim1-GFP(S65T)-kanMX6 ade6-M210 leu1-32 ura4-D18 This study

JW1211 h+fim1-EGFP-kanMX6 ade6-M210 leu1-32 ura4-D18 This study

JW6716 kanMX6-Pmyo2-mEGFP-myo2 sad1-mCherry-natMX6 ade6-M210 leu1-32 ura4-D18 This study
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