
 
 

 

1 

Quantitative Image Analysis Of Cell Division Dynamics 

Diogo Filipe Raposo de Castro Fernandes, Técnico Lisboa, Portugal 

diogo.raposo.d.c.f@tecnico.ulisboa.pt 

 

Abstract  

Cytokinesis is the physical process of cell division, which divides the cytoplasm of a parental cell into 

two daughter cells. Cytokinesis has been extensively studied in recent years but it still holds many 

unresolved questions such as the understanding of mechanical forces underlying cell cleavage. The 

major structural and mechanical functions involved in cytokinesis are granted by an intracellular 

contractile skeleton, also called actomyosin ring. The actomyosin cytoskeleton it is an essential and 

highly conserved complex for the division of many biological model systems including mammalian cells 

and yeast cells. This thesis aims to explore the use quantitative imaging tools as new means to assess 

the function of different proteins and pharmacological agents on actomyosin contraction during S. 

cerevisiae cytokinesis. Drugs with previously documented effects over the actomyosin cytoskeleton, 

such as Yessotoxin (YTX), pectenotoxin-2 (PTX-2) and 4-hydroxyacteophenone (4-HAP) were tested. 

While the effect of the genetic deletion of the actin filament nucleator Bni1 was analysed and compared 

with a wild-type control. YTX and PTX-2 did not reveal any effect over cytokinesis, at the concentrations 

of 1 nM and 10 nM, respectively, while 4-HAP at 1 μM induced a total impairment of cytokinesis in 20% 

of the population. The Δbni1 showed that although the density loss rate remained similar to the wild 

type, the contraction rate of Δbni1 was about 51-55% slower than the Wt. Due to these results, the role 

of bni1 in the actomyosin ring contraction mechanism will be reviewed, providing an essential parameter 

in future mathematical models. 

Keywords: Cytokinesis; Actomyosin ring; Contraction mechanism; Quantitative image 

processing.

1 Introduction 

 The major structural and mechanical 

functions involved in cytokinesis are granted by 

an intracellular contractile skeleton, also called 

actomyosin ring
1
. The actomyosin ring 

components (such as the actin and myosin-II 

motor filaments) are very conserved among 

different biological model systems including 

mammalian cells, yeasts
2
, plants

3
 and 

nematodes
4
. 

The first conceived contractile ring force 

generation model
5
 had a great similarity to the 

striated muscle one and was a consequence of 

several studies. The first to mention was done 

by Rappaport in 1967
6
, that measured the force 

per cross-sectional area using glass 

microneedles, and concluded it was similar to 

muscle cells one. In 1973, Schroeder found a 

ring of actin filaments in the cleavage site
7
 and 

3 years later myosin-II was found in the 

cleavage furrow
8
. In 1977 was found that 

myosin was essential for cytokinesis based 

contraction in starfish blastomeres
9
. Therefore, 

the overview of these results lead to the birth of 

the sarcomeric model of cytokinesis. In this 

model, contraction is caused only by myosin-II 

power stroke mechanism on actin cables, in an 

organization very similar to muscular one. 

However, the organization of the ring could not  

 

 

be exactly like a sarcomere due to some 

reasons. It was found that contractility at 

cytokinesis was not a conserved mass process 

in Arbacia egg early in actomyosin ring 

research
10

 and the sarcomere is a highly 

organized structure opposing the contractile 

ring, which is a very isotropic structure in 

filament polarity as was found in fission yeast
11

. 

Not only actin is not organized as it is in 

sarcomeres, as there are myosin-II 

independent mechanisms of contraction. 

Zumdieck et al., (2007) described a model in 

which actin depolymerization played a role in 

contraction of the actomyosin ring in C. 

elegans. Later, in Mendes Pinto et al., (2012) it 

was also found that actin depolymerization not 

only occurs and promotes contraction of the 

actomyosin ring as it drives contraction and is 

stimulated by myosin-II power stroke 

mechanism in S. cereviseae
12

. 

Pharmacological preventing of actin 

depolymerization lead to a decrease in 26% in 

contraction rate and myosin-II motor activity 

deletion lead to a decrease in 42% in actin 

depolymerization rate.  

To uncover more mechanisms of contraction 

we used a pharmacological and a genetic 

approach to interfere with the actomyosin 
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dynamics. Yessotoxin (YTX), pectenotoxin-2 

(PTX-2) are marine sponges derived toxins 

related to effects on actin filaments 

organization
13,14

 4-hydroxyacetophenone (4-

HAP) is synthetic drug associated to a hyper-

activation of myosin type II through the 

RacE/14-3-3/Myosin-II pathway and a 

consequent increase in cortical tension
15

. The 

strains used to test these drugs were 

genetically modified Saccharomyces cerevisiae 

cells with the only genomic isoform of myosin-II 

of this species, Myo1 and with the actin binding 

truncated protein iqg1CH in a plasmid fused to 

green fluorescent protein (GFP), forming 

different strains, and Spc42-mCherry labeling 

the spindle-pole bodies in both. These strains 

were used as wild type in Mendes Pinto et al. 

(2012). The genetic approach used both Myo1-

GFP and iqg1CH-GFP with a deletion of Bni1, 

one of two formins present in budding yeast. 

This work was built upon Mendes Pinto et al. 

(2012) using, therefore, the model where the 

rate of depolymerization of actin is calculated 

by the sum of the contraction and the protein 

density loss rates. 

2 Methods 

2.1 Cell culture 

Budding yeast strains, reagents and 

experimental procedures are the ones used in 

Mendes Pinto et al. (2012)
12

. 

2.2 Live cells image acquisition, 
processing and analysis 

The confocal microscope was the Zeiss 

LSM780. In this study, only image acquisition is 

going to be performed using Zeiss software. 

The objective used is a water-interface ready 

one, with C-Apochromat 40x magnification and 

NA 1.2, it is used an aqueous solution which 

has a very low evaporation kinetics. The time 

interval between frames was set on 3.87 s the 

pin-hole set was completely open and low 

laser-power. This set up minimizes 

photobleaching and evaporation driven focus 

drifting. 

For image processing purposes we used 

ImageJ. With this image processor it is possible 

to get biological images and get a temporal or 

spatial inferences and that is why it is used in 

this study. The image processing followed was 

the proceeded one in Mendes Pinto, et al. 

(2012)
12

, where the images of the contractile 

ring decrease over time and the output intensity 

versus the pixels number after a dimension 

reduction, in a myosin-II labeled image, can be 

exactly measured just by knowing pixels size. 

The difference between the edges of the ring 

was considered to be the maximum distance 

between points with half the maximum 

intensity, instead of the distance between 

peaks, due to a peak merging phenomena 

when the ring gets smaller, also called point-

spread function. The distance between the 

maximum and the half-maximum points was 

measured to be 350 nm and, this value was 

considered to be the critical value to stop the 

measurement. This is a necessary 

consideration due to be light-phenomenon 

dependent quantification, suffering the 

limitations due to light diffraction. All the 

processing was performed in partnership with 

Stowers Institute.  

Rates extraction was performed using a top-

down approach, by linear adjusting assuring 

the minimal sum of the square error for each 

point. However, before the adjustment some 

mathematical treatment had to be performed 

on the profiles. 

Profiles were obtained by ImageJ but rates 

calculation was performed using Microsoft 

Excel. It was performed using correction for 

photobleaching and for focus drifting. Rates 

were calculated using linear regression from 

the profiles, after the definition of the 

contraction starting point. 

2.3 Statistical treatment 

 Each set of experiments was considered to 

be samples of a normal distribution population, 

being characterized by a mean, a standard 

error of the mean and a sample standard 

deviation. Any comparison between sets of 

experiments used single tail Student’s t-test for 

populations with different variances. P-values 

are only considered statistically significant 

below 5%. 

3 Results and Discussion 

3.1 Actin filament dynamics 
modulation via pharmacological 
approaches 

 The drug yessotoxin (YTX) has been 

reported to induce a highly non-linear response 

in extracellular calcium uptake by the cells in 

human lymphocytes
16

 and cortical actin 

remodeling in mouse fibroblasts
17

. Additionally, 

an effect on lysosomes stability has been 

reported, which could influence the structure 

and dynamics of actin cytoskeleton by protease 

release into the cytoplasm
17

. 

 The first concentration tested was an 

optimized one for microglia cells by Cruz and 

Mendes Pinto et al., (unpublished data) where 
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the maximum effect without cell death was 

achieved at 1 nM of YTX using methanol as 

solvent. The effects of this concentration on 

cytokinesis dynamics in S. cerevisiae were 

visualized (Figure 1) and measured (Figure 2). 

 

 

 

 

Figure 1. Time-lapse images of Myo1-GFP wild-type strain with methanol control (top) and 1nM YTX drug (down). The time interval 

between images was 58.98 s and the scale bar corresponds to 1μm (unpublished data from Fernandes and O’Sullivan et al.). 

 

 

(A) 

 

 

(B) 

 

 

 

 

 

    (C) 

 

Figure 2. Effect of 1nM YTX drug on Myo1-GFP wild-type in 

terms of contraction rate (A), protein density loss rate (B) and 

on contractile ring initial fluorescence intensity (C) 

(unpublished data from Fernandes and O’Sullivan et al.). 

 Pectenotoxin-2 (PTX-2) is a marine sponge 

extracted drug, which is known to act on actin 

dynamics. It was observed to induce a decrease in 

cortical actin concentration, in human hepatic cells
14

. 

If it affects specifically actin polymerization or 

depolymerization is still remains unclear. To better 

understand the underlying mechanisms of action of 

PTX-2 on actomyosin ring cytoskeleton, the 

contractile ring dynamics was analyzed (Figure 4) in 

cell cultures exposed to 10 nM of PTX-2 (Figure 3).
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Figure 3. Time-lapse images of Myo1-GFP with methanol control and 10nM PTX-2 drug test. The time interval between images 

was 58.98 s and the scale bar corresponds to 1μm (unpublished data from Fernandes and O’Sullivan et al.). 

(A) 

 

(B) 

 

(C)

 

 

Figure 4. Effect of 10nM PTX-2 drug on Myo1-GFP wild-

type in terms of contraction rate (A), protein density loss 

rate (B) and on contractile ring initial fluorescence 

intensity (C) (unpublished data from Fernandes and 

O’Sullivan et al.). 

 Both YTX and PTX-2, at 1 nM and 10 nM 

respectively, do not show significant effect on 

any featured kinetic parameters. Nevertheles, 

the methanol control introduced a significant 

reduction in protein density loss rate in 14% 

relatively to the wild-type, but without 

compromising the contraction rate and the 

initial integrity of the ring showing a likely effect 

over the mechanism of actin depolymerization. 

YTX tested cells had a very small dispersion of 

values on the rate of contraction and a similar 

one for initial ring intensity, but caused a great 

variability in the rate of protein density loss.  
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3.2 Actin filament dynamics 
modulation via genetic 
approaches 

 The formin Bni1 was shown, in previous 

publications, to be present at the cell division 

plane and to locally nucleate actin cables in S. 

cerevisiae cells
18,19

. In this project, it was 

quantitatively assessed (Figure 6) the 

influence Bni1 deleted mutant in Myo1-GFP 

and iqgCH-GFP labeled strains in terms 

(Figure 5). 

 

Figure 5. Time-lapse images of Myo1-GFP wild type and with a deletion mutation Δbni1. The time interval between images was 

58.98 s and the scale bar at the end of the time lapse represents 1 μm (unpublished data from Fernandes and O’Sullivan et al.). 

 

 

(A) 

 

(B) 

 

 

 

 

Figure 6. Effect of Bni1 deletion on Myo1-GFP strain in 

terms of: contraction and protein density loss rates 

(unpublished data from Fernandes and O’Sullivan et al.). 

 

Δbni1 in Myo1-GFP strain shows a significant 

effect on the rate of contraction by reducing it in 

65% without affecting the rate of protein density 

loss. Since Bni1 is an actin filament nucleating 

agent, it was also analyzed the effect of Δbni1 

in iqgCH-GFP strains (Figure 7 and Figure 8).
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Figure 7. Time-lapse images of wild-type and Δbni1 strains labeled with iqgCH-GFP. The time interval between images was 

58.98 s and the scale bar corresponds to 1μm (unpublished data from Fernandes and O’Sullivan et al.). 

 

  

(A)   

 

 

(B) 

 

Figure 8. Effect of Bni1 deletion on iqgCH-GFP strain in 

terms of: contraction and protein density loss rates 

(unpublished data from Fernandes and O’Sullivan et al.). 

3.3 Myosin-II dynamics modulation via 
pharmacological approaches 

 4-HAP is a drug that was shown to act on 

the cytoskeleton in human cell lines, by 

enhancing the cortical localization and activity 

of myosin-II
15

. Additionally, 4-HAP has shown 

4-HAP’s ability to convert the mechanical 
profile of metastasis-derived pancreatic cancer 

cells toward a normal WT-like state
15

.  In this 

masters project, it was explored the effect of 

the effect of 1μM of 4-HAP on actomyosin ring 

dynamics and cytokinesis (Figure 9 and 

Figure 10). 
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Figure 9. Time-lapse images of Myo1-GFP with ethanol and 1μM of 4-HAP. The time interval between images was 58.98 s and 

the scale bar corresponds to 1μm (unpublished data from Fernandes and O’Sullivan et al.). 

 

 

(A) 

 

(B) 

 

 

 

(C) 

 

Figure 10. Effect of 4-HAP on Myo1-GFP Saccharomyces 

cerevisiae strain cytokinesis contraction and protein 

density loss rates and on its contractile ring initial 

fluorescence intensity (unpublished data from 

Fernandes and O’Sullivan et al.). 

 At 1μM of 4-HAP the majority of the cells 

analyzed do not show significant differences in 

terms of ring contraction and protein density 

loss rate when compared with non-treated cells 

(Table 1) However, a sub-population of treated 

cells, 4 out of 19 (Table 1), did show an 

absolute impairment of actomyosin ring 

contraction (Figure 11). 
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Figure 11. Time lapse images of Myo1-GFP with 1μM of 4-HAP. The time interval between images was 58.98 s and the scale bar 

corresponds to 1μm (unpublished data from Fernandes and O’Sullivan et al.). 

 

 As summarized in Table 1, the previously 

optimized drug concentrations initially used in 

microglia cells did not show significant effect on 

the contraction dynamics of yeast cells. A 

possible explanation for these results could be 

the existence of an additional physical barrier in 

yeast cells, such as the cell wall, that could limit 

the uptake of the drug from the extracellular 

media. Therefore, our ongoing experiments aim 

to analyze the effect of higher drug 

concentration on cytokinesis yeast dynamics. 

 

Table 1. Experimental model parameters and statistics. N is the number of elements, α, β and Kd are the parameters of the 

model. Deviation values correspond to standard error of the mean.  

 
N α (s-1

) β (s-1
) Kd (s

-1
) 

Myo1-GFP 

Wild type 
29 3.6± 0.4 2.1± 0.7 5.7 

Ethanol 4% 13 2.3± 0.3 1.0± 0.3 3.3 

4HAP 1 μM 14 2.1± 0.3 -0.9± 1.0 1.2 

4HAP 1 μM 4 0 0± 0.24 0 

Methanol 1% 22 2.9± 0.2 0.3± 0.4 3.3 

YTX 1 nM 11 3.0± 0.3 -1.5± 1.6 1.5 

PTX2 10 nM 14 2.2± 0.3 0.3± 0.4 2.5 

Myo1-GFP Δbni1 14 1.3± 0.2 1.1± 0.3 2.3 

iqg1CH-GFP 

Wild type 
47 3.2± 0.2 1.4± 0.2 4.6 

iqg1CH-GFP 

Δbni1 
16 1.5± 0.3 1.2± 0.2 2.3 

 

4 Conclusions and Future 
Perspectives 

 This thesis aims to explore the use 

quantitative imaging tools as new means to 

assess the function of different proteins and 

pharmacological agents in actomyosin 

contraction during cytokinesis in tractable 

genetic systems such as yeast S. cerevisiae. 

YTX, PTX-2 and 4-HAP are drugs with 

documented effect over the actin and myosin-II 

cytoskeletons, however poorly explored within 

the context of cell division and actomyosin ring 

contraction. The drug concentrations used so 

far do not show a considerable effect on 

actomyosin ring contraction, while increased 

concentrations are currently being tested to 

increase the amount of drug at the intracellular 

level. Our results show that the actomyosin ring 

rate of contraction did in fact slow with a ∆bni1 
mutation to 51-55% of the total contraction rate 

of the wild type. It validates the theory that 

intracellular trafficking and therefore actin 

polymerization and re-polarization play a critical 

role in the regulation membrane ingression 

based contraction.  The deletion of the formin 

Bni1, which localizes at the actomyosin ring 

thus allowing the localized production of actin 

filaments, causes the cell to show a more 

rounded shape and to also contract at a 

significantly slower rate (51%-55%) when 

compared to the Wt. Initial Myo1 filaments 
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concentration is similar in Δbni1 which 
indirectly suggests that there is no impact on 

myosin-II production and localization from the 

∆bni1 mutant. Furthermore, since the rate of 
protein density loss is not altered, the 

conclusion is that there was no effect over actin 

depolymerization. This conclusion is not 

predicted by the model used but is clearly 

supported by the fact that the initial filaments 

concentration of actin is reduced (data not 

shown) and the initial concentration of myosin-

II filaments is not. Knowing Bni1 activity it 

becomes clear that the slow down in 

contraction in its absence is not a consequence 

of slower actin depolymerization but that it is 

due to a reduction of the initial concentration of 

actin filaments at the contractile ring. However, 

there are other hypotheses to the actuation 

mechanism of Bni1. It can be concluded from 

this data that bni1 is vital in the production actin 

filaments involved in intracellular trafficking and 

so the inhibition presented by the lack of a 

formin which both produces and polarizes actin 

filaments essential for intercellular trafficking is 

causing a tension in the bud neck due to a 

reduced speed of localized exocytosis. Further 

research has to be conducted in this area to 

assess how much force is necessary for 

contraction with the inhibited cellular trafficking 

and membrane regulation or to measure the 

amount of vesicle transport/ exocytosis to the 

bud neck in the absence of Bni1. This link 

between membrane trafficking and actomyosin 

ring contraction is always a variable in any 

result like the one presented. This why there is 

the need of clarification on the contribution of 

this mechanism to the actomyosin ring 

contraction. Other hypothesis is that formin 

absence results in less effective anchorage of 

the actomyosin ring to the membrane. This 

may limit the force generation of the 

actomyosin ring on the bud neck membrane as 

a whole due to the lack of membrane bound 

filaments, but still imped its independent 

contraction due to the presence of other 

potential membrane-actomyosin ring linkers. 

Bni1 is also known to produce actin cables 

directing intracellular trafficking towards the 

bud neck. However, This function is redundant 

as the protein IQGAP, is also able to directly 

bind to filamentous actin and so acts as a 

polarization factor in bni1s stead. ∆Bni1 

showed defects in the overall growth of the cell 

becoming evident when preparing the cell 

culture for the ∆bni1 which took an hour and a 

half longer for a full cell division. Since 

intracellular trafficking is essential in all aspects 

of the cell cycle and not only cytokinesis it is 

reasonable to infer that this may be the reason 

why the very own growth of the cell is slowed 

down by this deletion. Considering this, it is 

also interesting that there is no apparent 

difference in the bud size in ∆bni1. This could 

mean that Bnr1 can replace Bni1 in its absence 

showing an increased plasticity is molecular 

function than has been observed between 

these two formins. To conclude, in the future a 

quantitative characterization of the contribution 

of intracellular trafficking in overall actomyosin 

ring contraction along with the use of higher 

organism cells would reinforce the theories and 

models produced by researching with yeasts 

and other low complexity cells. This will 

hopefully lead to a fervent study and in-depth 

understanding of the AMR mechanism of 

contraction and the proteins involved within the 

mammalian cell cytokinesis. 

5 References 
1. Mendes Pinto, I., Rubinstein, B. & Li, R. Force to divide: 

structural and mechanical requirements for actomyosin ring 
contraction. Biophys. J. 105, 547–54 (2013). 

2. Balasubramanian, M. K., Bi, E. & Glotzer, M. Comparative 
analysis of cytokinesis in budding yeast, fission yeast and 
animal cells. Curr. Biol. 14, 806–818 (2004). 

3. Baskin, T. I. & Bivens, N. J. Stimulation of radial expansion 
in arabidopsis roots by inhibitors of actomyosin and vesicle 
secretion but not by various inhibitors of metabolism. 
Planta 197, 514–521 (1995). 

4. Carvalho, A., Desai, A. & Oegema, K. Structural Memory in 
the Contractile Ring Makes the Duration of Cytokinesis 
Independent of Cell Size. Cell 137, 926–937 (2009). 

5. Schroeder, T. E. Dynamics of the contractile ring. Soc. 
Gen. Physiol. Ser. 30, 305–34 (1975). 

6. Rappaport, R. Cell division: direct measurement of 
maximum tension exerted by furrow of echinoderm eggs. 
Science (80-. ). (1967). 

7. Schroeder, T. E. Actin in Dividing Cells: Contractile Ring 
Filaments Bind Heavy Meromyosin. Proc. Natl. Acad. Sci. 
70, 1688–1692 (1973). 

8. Fujiwara, K. & Pollard, T. Fluorescent antibody localization 
of myosin in the cytoplasm, cleavage furrow, and mitotic 
spindle of human cells. J. Cell Biol. (1976). 

9. Mabuchi, I. & Okuno, M. The effect of myosin antibody on 
the division of starfish blastomeres. J. Cell Biol. (1977). 

10. Schroeder, T. E. THE CONTRACTILE RING: II. 
Determining its Brief Existence, Volumetric Changes, and 
Vital Role in Cleaving Arbacia Eggs. J. Cell Biol. 53, 419–
434 (1972). 

11. Kamasaki, T., Osumi, M. & Mabuchi, I. Three-dimensional 
arrangement of F-actin in the contractile ring of fission 
yeast. J. Cell Biol. 178, 765–71 (2007). 

12. Mendes Pinto, I., Rubinstein, B., Kucharavy, A., Unruh, J. 
R. & Li, R. Actin Depolymerization Drives Actomyosin Ring 
Contraction during Budding Yeast Cytokinesis. Dev. Cell 
22, 1247–1260 (2012). 

13. Orsi, C. F. et al. Yessotoxin inhibits phagocytic activity of 
macrophages. Toxicon 55, 265–273 (2010). 

14. Espiña, B. et al. Cytoskeletal toxicity of pectenotoxins in 
hepatic cells. Br. J. Pharmacol. 155, 934–44 (2008). 

15. Surcel, A., Ng, W. & West-Foyle, H. Pharmacological 
activation of myosin II paralogs to correct cell mechanics 
defects. Proc.  … (2015). 

16. de la Rosa, L. a, Alfonso,  a, Vilariño, N., Vieytes, M. R. & 
Botana, L. M. Modulation of cytosolic calcium levels of 
human lymphocytes by yessotoxin, a novel marine 
phycotoxin. Biochem. Pharmacol. 61, 827–33 (2001). 

17. Malagoli, D., Marchesini, E. & Ottaviani, E. Lysosomes as 
the target of yessotoxin in invertebrate and vertebrate cell 
lines. Toxicol. Lett. 167, 75–83 (2006). 

18. Buttery, S. M., Yoshida, S. & Pellman, D. Yeast formins 
Bni1 and Bnr1 utilize different modes of cortical interaction 
during the assembly of actin cables. Mol. Biol. Cell 18, 

1826–38 (2007). 

19. Moseley, J. B. & Goode, B. L. Differential activities and 
regulation of Saccharomyces cerevisiae formin proteins 

Bni1 and Bnr1 by Bud6. J. Biol. Chem. 280, 28023–
28033 (2005). 


	Abstract
	1 Introduction
	2 Methods
	2.1 Cell culture
	2.2 Live cells image acquisition, processing and analysis
	2.3 Statistical treatment

	3 Results and Discussion
	3.1 Actin filament dynamics modulation via pharmacological approaches
	3.2 Actin filament dynamics modulation via genetic approaches
	3.3 Myosin-II dynamics modulation via pharmacological approaches

	4 Conclusions and Future Perspectives
	5 References

