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Abstract

In Dictyostelium, there are 15 Ras subfamilies, including 11 Ras, 3 Rap, 1 Rheb. The Ras proteins 
are involved in regulating various cell processes as switch proteins. The functions of many Ras 
proteins have been identified, but some of Ras proteins have not yet been identified. Here, we 
focused on identifying the roles of RasW among them. To investigate the functions of RasW in cell 
morphology, cell migration, and development in Dictyostelium, we compared the phenotypes of 
wild-type cells and rasW null cells. rasW null cells showed a larger, more spread-out morphology 
and reduced cell motility compared to wild-type cells. There was no significant difference between 
wild-type cells and rasW null cells during multicellular developmental process. These results suggest 
that RasW is involved in regulating cell morphology and cell migration in Dictyostelium.
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1. Introduction
4)

Dictyostelium discoideum is the cellular 
slime mold that known as free-living social 
amoeba. All of Dictyostelium have a completely 
sequenced haploid genome[1]. Dictyostelium 
has the same cellular structure and 
intracellular signaling as mammalian cells. It 
is also simple to genetically manipulate, has 
a short life cycle, and has many phenotypes 
that encode many human orthologues. Thus, 
it has been used as a model organism for 
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study of eukaryotic cell biology, including 
cell migration, cytokinesis, and the Ras 
signaling pathway[2].

Dictyostelium has a unique life cycle. In 
nutrient-rich conditions, Dictyostelium cells 
live as single cells, but upon starvation, the 
cells release the chemoattractant cAMP. 
Through migration toward to chemotactic 
orientation, about 100,000 cells aggregate to 
form a multicellular mound[3,4]. Then the 
multicellular mounds differentiate into elongated 
migrating slugs. Finally, slug cells divide 
into two cell populations, prestalk and prespore, 
to form fruiting bodies. The prestalk cells 
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differentiate into stalks that support the 
spores, and the prespore cells differentiate 
into spores, which return to unicellular life 
when the nutritional environment improves[5,6].

In Dictyostelium, there are 11 Ras, 3 Rap, 
and 1 Rheb[7]. Ras proteins are small 
GTPases that become activated when GTP is 
bound by GEFs (Guanine nucleotide exchanging 
factors) and become inactivated when GDP 
is bound by GAPs (GTPase-activating proteins)[8]. 
These Ras proteins act as switches and 
affect the regulation of various cellular 
processes including cell motility, cytokinesis, 
and multicellular development in Dictyostelium [7,9]. 
Many Ras proteins have been characterized 
their functions in cell migration and 
development, but some of Ras proteins 
including RasW have not studied yet. 
Therefore, we investigated the functions of 
RasW in diverse cellular processes by 
examine phenotypes of rasW null cells.

2. Materials and methods

2.1. Strains and cell culture

Dictyostelium cells such as wild-type 
KAx-3 cells (DBS0236487) were obtained from 
the Dictyostelium Stock Center (DictyBase) 
and knock-out strain was obtained from 
National Bio Resource Project Cellular slime 
molds (NBRP Nenkin). All the cells were 
grown in HL5 medium at 22℃. The knock-out 
strain was cultured in presence of 10 
µg/mL of blasticidin or G418.

2.2. Development

Development was performed as described 
previously[10]. Exponentially growing cells were 
harvested and washed twice with 12 mM 

Na/K phosphate buffer (pH 6.1) and resuspended 
at a density of 3.5 x 107 cells/mL. 50 µL of 
the cells were placed in non-nutrient Na/K 
phosphate agar plates and developed. The 
multicellular organisms were examined and 
captured with a phase-contrast microscope.

2.3. Random motility

Random motility was performed as 
described previously[11]. Fully grown cells in 
a 100 mm plate were washed with HL5 
medium and resuspended with 10 mL of 
HL5 medium. Then, 3 mL of HL5 and 50 µl 
of resuspended cells were added to a 3 mL 
plate and adhered for 30 minutes. Adherent 
cells were washed twice with Na/K phosphate 
buffer and photographed after incubation 
for 30 minutes. The images of migrating 
cells were taken at time-lapse intervals of 1 
minutes for 30 minutes using an inverted 
microscope (IX71; Olympus) with a camera 
(DS-Fil; Nikon).

2.4. Analysis of random motility

The data of cell migration in random 
motility were analyzed using NIS-Elements 
software (Nikon) and ImageJ software (National 
Institutes of Health). The trajectory speed 
was calculated by dividing the total distance 
that traveled of a cell with time. The data 
were collected from three independent 
experiments and expressed as the means 
±standard deviation (SD). 

3. Results

To investigate the function of RasW in 
Dictyostelium, we first performed the 
computer anal-ysis of RasW. Dictyostelium 
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RasW (DDB_G0270122) is composed of 216 
amino acids and contains a Ras domain at 
the N-terminal region. The expected molecular 
mass of RasW is approximately 24.8 kDa. 
Phylogenetic analysis of Ras proteins showed 
that RasW is closet to RasV. 

Fig. 1. RasW domain structure and phylogenetic
analysis. (A) Domain structure of Dictyostelium
RasW protein. (B) Phylogenetic tree of Ras
proteins. The amino acids of Ras domains were
aligned by ClustalW and a phylogenetic tree was
drawn to see the homology among RAS
domains.

Fig. 2. Cell spreading of rasW null cells. (A)
Morphology of the cells. The morphologies of
the cells were captured and compared to those
of wild-types cells. (B) Quantification of the cell
area. The area of cells was measured using
imageJ software and graphed. The values are
the means ±SD of at least three independent
experiments.

Next, we compared the morphological 
characteristics of wild-type cells and rasW 
null cells to determine the role of RasW in 
regulating cell morphology. rasW null cells 
had larger and spread morphology compared 
to wild-type cells. Quantification of the cell 
area showed that the mean size of rasW 
null cells was approximately 2-fold larger 
than wild-type cells(Fig.2). These suggest 
that RasW plays a role in maintaining 
cellular morphology.
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Fig. 3. Random motility. (A) Trajectory of cells.
(B) Quantification of cell motility. Trajectory
speed indicates the speed of the cell movement.
Error bars represent ±SEM of three independent
experiments (**p<0.01 compared to the control
by the student’s t-test).

On the other hand, to determine the roles 
of RasW in cell migration, we examined the 
motility of the wild-type cells and rasW null 
cells in the absence of chemoattractant. 
Wild-type cells showed a speed about 4 
µm/min, and rasW null cells showed a 
reduced migration speed of 2~3 µm/min 
compared to wild-type (Fig.3). This suggests 
that deletion of RasW negatively affects cell 
migration.

Fig. 4. Developmental phenotypes of rasW null
cells. Exponentially growing cells were
development on non-nutrient agar plates.
Representative developmental images at the
developmental stages were presented.

Additionally, we compared the developmental 
phenotypes of wild-type cells and rasW null 
cells to investigate the effects of RasW in 
developmental processes. As a result, upon 
starvation, both wild-type cells and rasW 
null cells aggregated to form multicellular 
mounds, slugs, and fruiting bodies. In these 
processes, both wild-type cells and rasW 
null cells formed a single tip from a mound. 
There was no temporal or morphological 
difference between them. This suggests that 
RasW does not affect to developmental 
processes. 

4. Discussion

This study provides evidence for the 
functional role of RasW in cell morphology, 
cell migration, and multicellular development 
in Dictyostelium. rasW null cells showed larger, 
more spreading morphology and reduced 
migration speed compared to wild-type 
cells. However, no significant temporal and 
morphological differences were observed 
between wild-type cells and rasW null cells 
during multicellular development. These results 
suggest that RasW functions to suppress the 
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spread of cell morphology and activate cell 
migration particularly in the absence of 
chemoattractant.

The RasW knockout cells used in our 
study were produced using the restrictions 
enzyme- mediated integration (REMI) technique. 
Therefore, we designed additional experiments. 
By overexpressing RasW into rasW null 
cells, we will confirm to determine whether 
the observed phenotypic differences are 
directly affected by the absence of RasW 
function. This experiment will provide 
further insight into the functional role of 
RasW in these cellular processes. 

Many Ras proteins known to suppress the 
spreading of cell morphology are almost 
associated with weak adhesion[12]. Interestingly, 
although not shown in this study, we 
observed that rasW null cells had very weak 
adhesion. Furthermore, when culturing rasW 
null cells on 100 mm plates, we observed a 
phenotype that some cells failed to attach 
and floated when the cell density exceeded 
a certain threshold. These suggest that 
RasW may be involved in the quorum 
sensing. 
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