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Abstract

Alpha-mangostin (a-mangostin) has been identified as a naturally occurring compound with potential
anticancer properties. It can induce apoptosis and inhibit the growth and metastasis of cancer cells. Moreover,
a-mangostin reduces the mechanical stiffness of lung cancer cells. The objective of this study was to
determine the effect of a-mangostin on the mechanical stiffness of various cells, as well as cell viability. The
following cell types were examined: human fibroblast TIG-1 cells, human cancerous HeLa cells, human
embryonic kidney HEK293 cells, mouse macrophage RAW 264.7 cells, and human myeloblasts KG-1 cells.
Cells were treated with a-mangostin, and then examined for cell viability, actin cytoskeletal structures, and
surface mechanical stiffness using atomic force microscopy. a-Mangostin demonstrated cytotoxicity against
TIG-1, HeLa, HEK293, and KG-1 cells, but not against RAW 264.7 cells. The cytotoxic effect of a-mangostin
varies according to cell type. On the other hand, a-mangostin reduced the mechanical stiffness of all cell types,
including RAW 264.7 cells. Upon treatment with a-mangostin, F-actin was slightly reduced but the actin
cytoskeletal structures were little altered in these cells. Thus, reducing mechanical stiffness of animal cells is
an inherent effect of a-mangostin. Our results show that a-mangostin is a naturally occurring compound with

potential to change the actin cytoskeletal micro-structures and reduce the surface stiffness of various cells.
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Introduction

a-Mangostin is one of the major xanthone compounds extracted from the pericarp of mangosteen (Garcinia
mangostana Linn.) fruit. It has been demonstrated to possess numerous bioactive functions, both in vitro and
in vivo, against various diseases, including cancer, inflammation, allergy, and bacterial and viral infections [1].
a-Mangostin targets different cellular factors through various mechanisms such as inducing apoptosis in
cancer cells by regulating Bcl-2, Bax, and p53 [2-4]; preventing the metastatic activities of cancer cells via
inhibition of MMP-2, MMP-9, and NF-«B [5-7]; and directly scavenging reactive oxygen species (ROS),
thereby preventing neurotoxicity and ROS production by 3-nitropropionic acid in cultured neurons [8].
Furthermore, recent research has illustrated that a-mangostin reduces cell surface stiffness in lung cancer cells
[9].

Cell surface stiffness is attributed to the actin cytoskeleton [10-13], and reflects the cell surface
actin architectures [14, 15]. Moreover, cell surface stiffness changes in accordance with cellular events related
to the remodeling of the actin cytoskeleton [16-19]. Therefore, analyzing cell surface stiffness may reveal
changes of cell characteristics, and provide a better understanding of the actin cytoskeleton remodeling
process in certain cellular events and disease states. Atomic force microscopy (AFM) is one of the most
sensitive techniques for examining cell mechanics under physiological conditions [20]. AFM contains a
nano-sized probe which can determine cell surface stiffness by indentation [21, 16]. This method is used to
analyze surface stiffness of both adherent cells and suspension cells [22, 16, 23-25, 19]. Thus, AFM can be a
powerful tool for analyzing the mechanical stiffness and actin cytoskeleton states of various cells.

We recently reported that a-mangostin suppressed the subsistence, migration, and invasion of lung
cancer cells [9]. In that study, we demonstrated that a-mangostin decreased the cell surface stiffness of lung
cancer A549 cells and lung normal fibroblast-like CCD-14Br cells. Of these two cell types, the surface
stiffness of A549 cells decreased significantly when treated with a-mangostin [9]. The mechanical changes in
cancer cells are important indicators of cancer state and type: softer cancer cells show more invasive

properties [26, 27]; apoptotic cancer cells are softened [28, 29]. Is the a-mangostin-induced reduction of
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surface stiffness in A549 cells related to the effects of a-mangostin on cancer cells? To answer this question,
we have to first identify the range of cells on which a-mangostin has an effect, and then to elucidate the
mechanism of how a-mangostin reduces the surface stiffness of these cancer cells.

In the present study, we examined the cell types that were affected by a-mangostin with respect to
cell surface stiffness. Identifying the range of cells that are impacted by the action of a-mangostin may help us
to elucidate the mechanism. We used different cell types including normal human fibroblast TIG-1 cells,
human cervical cancer HeLa cells, human embryonic kidney HEK293 cells, mouse leukemia macrophage
RAW 264.7 cells, and human leukemia myeloblasts KG-1 cells. TIG-1, HeLa, HEK293, and RAW 264.7 cells
are adherent cells and KG-1 cells are suspension cells. The morphologies of these cells vary, and the features
of the actin cytoskeleton vary in these cell types. TIG-1 cells have an elongated morphology; HeLa and
HEK293 cells have a shortly extended morphology; RAW 264.7 cells have weakly adhering morphology; and
KG-1 cells are suspended and spherical shape. We examined the sensitivity of these cells to a-mangostin and

the effects of a-mangostin on cell mechanics, actin cytoskeleton, and cell viability.

Material and Methods

Materials

Human fetal lung normal fibroblast TIG-1 cells, human cervical cancer HeLa cells, and human embryonic
kidney HEK293 cells were obtained from Japanese Collection of Research Bioresources (JCRB) cell bank
(Osaka, Japan). Human leukemia myeloblast KG-1 cells and mouse leukemia macrophage RAW 264.7 cells
were obtained from Riken Cell Bank (Ibaraki, Japan). a-Mangostin, rhodamine labeled-phalloidin,
cytochalasin D, DMEM, and RPMI1640 medium were purchased from Wako Pure Chemical Industries Ltd.
(Osaka, Japan). Cell anchoring molecule, SUNBRIGHT OE-020CS, was purchased from NOF Corporation
(Tokyo, Japan). The cone probe (BL-AC-40TS-C2; spring constant: around 0.05 N/m) was purchased from
Olympus (Tokyo, Japan). Cell counting kit-8 was purchased from Dojindo Molecular Technologies, Inc.

(Kumamoto, Japan). Cell harvesting solution TrypLE express and fetal bovine serum (FBS) were purchased
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from Life Technologies Japan Ltd. (Tokyo, Japan). Antibiotics were purchased from Sigma-Aldrich (St. Louis,
MO). Glass-based culture dishes were purchased from Matsunami Glass (Osaka, Japan). Other reagents were

purchased from Sigma-Aldrich, Wako Pure Chemical Industries Ltd., or Life Technologies Japan Ltd.

Preparation of cell anchoring dishes

We coated cell anchoring molecule, SUNBRIGHT OE-020CS, on the culture dishes as described previously
[14]. Briefly, the polystyrene tissue culture dishes were coated with BSA, and then the surfaces were coated
with SUNBRIGHT OE-020CS. SUNBRIGHT OE-020CS contains an oleyl group at one end and keeps a
floating cell on the coated dish [30]. The anchored cells are fixed, and then the cell surface stiffness can be

measured by AFM [25, 19].

Cell culture
TIG-1, HeLa, HEK293, and RAW 264.7 cells were cultured in DMEM containing 10% FBS and antibiotics
(100 units/mL penicillin G and 100 pg/mL streptomycin sulfate), and KG-1 cells were cultured in RPMI11640

medium containing 10% FBS and the antibiotics in humidified atmosphere of 95% air and 5% CO, at 37°C.

Cytotoxicity assay

The cytotoxicities of a-mangostin on various cells were evaluated by the cell counting kit-8 as recommended
by the manufacturer. The adherent cells were seeded on a 96 well culture plate at 10* cells/well and cultured
for 24 h, so as to allow the cells to adhere to the plate. The culture medium was replaced by 100 pL of fresh
culture medium diluted with various concentrations of a-mangostin and cultured for further 24 h. The cell
counting kit-8 solution (10 pL) was added to each well and incubated for 1 h. For KG-1 cells, the cells were
seeded on a 96 well plate at 2 x 10* cells/well with 100 puL of culture medium containing with various
concentrations of a-mangostin and cultured for 24 h. The cell counting kit-8 solution (10 puL) was added to

each well and incubated for 2 h. The absorbance was then measured at 450 nm using a microplate reader. The
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absorbance values were fitted with the below Hill equation.

fx)=a+

b-a
=

1+(3)

M

Where x = concentration of a-mangostin, # = value of ECs,, » = Hill coefficient, a = base value of the

absorbance, b = top value of the absorbance.

AFM measurements

The cells were manipulated by AFM (Nanowizard I1T; JPK Instruments AG, Berlin, Germany) at room
temperature. TIG-1, Hela, HEK293, and RAW 264.7 cells were cultured on normal culture dishes for 24 h and
then treated with a-mangostin for 6 h. KG-1 cells were plated on the cell anchoring dishes for 1 h in serum
free medium, then washed with PBS to remove unattached cells, and cultured for 6 h in a-mangostin
containing complete culture medium. The cone shaped AFM probe was indented 25 different points within 1
pm X 1 um of cell top with a loading force of up to 0.5 nN and velocity of 5 pm/s. Young's modulus of the cell
surface was calculated with the Hertz model [31]; the force-indentation curve for a region up to about 1 um of

indentation was fitted using JPK data processing software (JPK instruments AG) as:
E 2tana

F =Lt 2ands2 )

1-v2 T
Where F = force, J = depth of the probe indentation, v = Poisson's ratio (0.5), a = half-angle of the cone probe
(9°), and E = Young's modulus. The median value adopted for the Young's modulus of each cell [23]. More

than 21 cells and 525 force-distance curves were analyzed in each condition.

Actin filaments staining

TIG-1, Hela, HEK293, and RAW 264.7 cells were cultured on normal glass base dishes for 24 h and then
treated with 10 uM o-mangostin for 6 h or 2 pg/mL cytochalasin D for 1.5 h. KG-1 cells were plated on the
cell anchoring glass base dishes for 1 h in serum free medium, then washed with PBS to remove unattached
cells, and cultured for 6 h in 10 uM a-mangostin or for 1.5 h in 2 pg/mL cytochalasin D containing complete

culture medium. The cultured cells were fixed with 4% paraformaldehyde, permeabilized with 0.3% Triton
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X-100, and then stained with rhodamine labeled-phalloidin for actin filaments. Specimens were observed by

fluorescence microscopy (IX81, Olympus).

Statistical analysis
The logarithmic Young's modulus values for each group were compared by one-way analysis of variance and

Dunnett comparison test. p-Values of less than 0.01 were considered as statistically significant.

Results

Cytotoxic sensitivity to a-mangostin varies by cell type

Firstly, we examined the cytotoxic effects of a-mangostin on TIG-1, HeLa, HEK293, RAW 264.7, and KG-1
cells. TIG-1, HeLa, HEK293, and RAW 264.7 cells are adherent cells, and were seeded onto culture plates
and pre-cultured for 24 h. They were then treated with a-mangostin for 24 h. KG-1 cells are suspension cells
and were seeded onto culture plates and cultured with a-mangostin for 24 h. The survival cell number was
evaluated by activity of living cells' mitochondrial tetrazolium reductase enzyme. a-Mangostin exhibited
cytotoxic effects on TIG-1, HeLa, HEK293, and KG-1 cells at a concentration of 100 uM (Fig. 1). On the
other hand, a-mangostin did not affect the cell viability of RAW 264.7 cells even at the concentration of 100
puM (Fig. 1). This result is in agreement with that of a previous study by Chen et al. [32]. In Chen’s study, the
xanthones from mangosteen extracts, whose major component was a-mangostin, demonstrated no
cytotoxicity on RAW 264.7 cells. The half-maximal effective concentration (ECs) values of a-mangostin for
the cytotoxicity of TIG-1, HeLa, HEK293, and KG-1 cells were estimated as 13, 16, 30, and 7.5 uM,
respectively (Fig. 1). KG-1 cells were relatively sensitive but HEK293 cells were relatively resistant to the
cytotoxic effects of a-mangostin. Thus, a-mangostin demonstrated cytotoxic effects on a number of different
adherent cells and suspension leukemia myeloblasts. However, RAW 264.7 cells proved to be resistant to the

cytotoxic effects of a-mangostin.
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a-Mangostin reduces mechanical stiffness of various cells

Our previous study showed that a-mangostin suppressed the subsistence and decreased the mechanical
properties of A549 cancer and CCD-14Br normal cells [9]. Mechanical changes caused by a-mangostin
appeared within 6 h, which was before the onset of cytotoxic effects [9]. We examined the impact of
a-mangostin on cell mechanics in TIG-1, HeLa, HEK293, RAW 264.7, and KG-1 cells. These cells were
exposed to a-mangostin for 6 h after which surface stiffness was examined using AFM. The morphologies of
these cells are shown in Fig. 2. TIG-1, HeLa, and HEK293 cells adhered and extended on the dish. TIG-1
cells in particular showed a highly elongated morphology (Fig. 2). While these cells remained extended after
the 6 h a-mangostin treatment, HeLa and HEK293 cells appeared somewhat shrunken (Fig. 2). RAW 264.7
cells adhered but did not extend significantly, and after treatment with a-mangostin for 6 h, their morphology
appeared unchanged (Fig. 2). KG-1 cells were fixed on cell anchoring dishes to measure their surface stiffness
using AFM. The morphology of KG-1 cells was spherical and they were unchanged by treatment with
a-mangostin (Fig. 2).

The distribution of the elastic modulus (Young's modulus) of these cells is shown in Fig. 3. The
values of Young's modulus are plotted in logarithmic scale as they were distributed in a log-normal pattern
[25]. With regard to the controls, the log-average values of the Young's moduli of TIG-1, HeLa, HEK293,
RAW 264.7, and KG-1 cells were 5.4, 2.0, 0.28, 0.84, and 1.0 kPa, respectively (Fig. 3). TIG-1 fibroblasts had
the highest surface stiffness of the cells tested, while HEK293 cells had the lowest. This result complements
the data from our previous studies [25, 14, 15]. The surface stiffness of suspension KG-1 myeloblasts was
higher than that of adhered HEK293 and RAW 264.7 cells (Fig. 3). Thus, it appears that the actin cytoskeleton
near the plasma membrane mechanically supports the surface of spherical KG-1 cells.

The Young’s modulus of these cells reduced following a-mangostin treatment (Fig. 3). The Young’s
modulus of normal fibroblast TIG-1 cells was slightly reduced from 5.4 to 3.3 kPa following treatment with
10 uM of a-mangostin (Fig. 3). The Young’s modulus of cancerous HeLa cells was markedly reduced from

2.0 to 0.68 kPa following treatment with 10 uM of a-mangostin (Fig. 3). This result demonstrates a similar
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trend to our previous analysis, such that normal fibroblast-like CCD-14Br cells softened slightly, and lung
cancer A547 cells softened significantly following treatment with a-mangostin [9]. The Young’s modulus of
HEK293 cells was too low and they had few mechanically supporting actin cytoskeletons, resulting in only a
slight softening after treatment with a-mangostin (Fig. 3). RAW 264.7 cells, whose Young’s modulus was
relatively low, and which were resistant to the cytotoxic effects of a-mangostin, were also slightly softened by
treatment with 10 and 20 uM o-mangostin (Fig. 3). Floating KG-1 cells, which had moderate stiffness and
were sensitive to the cytotoxic effects of a-mangostin, were significantly softened by treatment with 5 and 10
uM a-mangostin (Fig. 3). Thus, although the impact of a-mangostin on cell mechanical properties varied by
cell type, the mechanical stiffness of all cell types was reduced by the short-interval treatment with

a-mangostin.

Actin cytoskeleton structures of a-mangostin-treated cells.

The mechanical stiffness of cells is largely attributed to the actin cytoskeleton [10-13]. Thus, the actin
filaments of a-mangostin-treated cells were stained with rhodamine labeled-phalloidin and observed under the
fluorescence microscope (Fig. 4). TIG-1 cells originally showed highly developed long actin stress fibers
along the cell body. HeLa cells showed many weak actin fibers inside the cells and microvilli and protrusions
on the edges. HEK293 and RAW 264.7 cells showed immature F-actin at the cell-cell border and many
protrusions on the edges. KG-1 cells showed cortical F-actin and fine microvilli on the plasma membrane.
Upon treatment with 10 uM a-mangostin, the F-actin amounts were slightly reduced and the actin cytoskeletal
structures were little changed (Fig. 4). On the other hand, when these cells were treated with actin
depolymerization reagent cytochalasin D, the F-actin structures were significantly distorted (Fig. 4).
Especially, the actin structures of TIG-1, HeLa, and HEK293 cells were fully destroyed, and in KG-1 cells,
the cortical actin almost vanished and F-actin aggregates appeared (Fig. 4). Thus, the mechanism of
mechanical alteration by a-mangostin clearly differed from that of actin depolymerization reagent

cytochalasin D. Probably a-mangostin is involved in changing the actin cytoskeletal micro-structures or
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reducing the amount of the actin cytoskeleton gently, and then reduces the mechanical stiffness in various

cells.

Discussion
In this study, the results indicate that a-mangostin has cytotoxic effects on some of the cell types and the
ability to soften the mechanical properties of all the cell types that were analyzed. The impact of a-mangostin
on cell mechanical properties varied in different cell types, and the sensitivity results also varied from that of
the cytotoxic effect analysis.

First, we interpret our results from the perspective of actin cytoskeleton. The height of the value of
Young’s modulus reflects the structure and state of the actin cytoskeleton present near the cell surface. TIG-1
cells have well-developed actin stress fibers, and their surface stiffness is highly enhanced due to the
developed actin stress fibers (Figs. 3 and 4). The surface stiffness of TIG-1 cells was slightly reduced and the
elongated cell morphology and F-actin structures were unchanged upon treatment with a-mangostin (Figs, 2,
3 and 4). Thus, the developed stress fibers in TIG-1 cells are relatively stable against o-mangostin. HeLa cells
have weak stress fibers and numerous protrusions and microvilli, and their surface stiffness is moderately
enhanced by the presence of actin structures (Figs. 3 and 4). The surface stiffness of HeLa cells was markedly
reduced, and the morphology appeared slightly shrunken, following the treatment with a-mangostin (Figs. 2
and 3). Thus, the weak actin structures with many protrusions and microvilli in HeLa cells were very sensitive
to a-mangostin. HEK293 cells have immature actin cytoskeletons, and as such, the mechanical stiffness of
HEK293 cells is very low (Figs. 3 and 4) [15]. Although the surface stiffness of HEK293 cells is slightly
decreased, it is difficult to evaluate the cell sensitivity to a-mangostin, since there is little room for decreasing
the stiffness to begin with. However, the morphology of HEK293 cells was also somewhat shrunken upon
treatment with a-mangostin, and therefore, they were most likely affected by a-mangostin (Fig, 2). RAW
264.7 cells did not display an extended morphology and exhibited F-actin at the cell-cell border and cortical

region with protrusions (Figs. 2 and 4). Also their surface stiffness was relatively low (Fig. 3). RAW 264.7
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cells did not show any cell death after treatment with 100 uM of a-mangostin for 24 h (Fig. 1), and their
surface stiffness was hardly reduced (Fig. 3). Thus, RAW 264.7 cells were resistant to not only cytotoxic, but
also mechanical changes caused by of a-mangostin. The suspended KG-1 cells had cortical actin and
microvilli at the plasma membrane (Fig. 4) [33]. These cells were very sensitive to the cytotoxic effects of
a-mangostin and almost half of the cells died after treatment with 7.5 pM a-mangostin for 24 h (Fig. 1). Their
mechanical stiffness also markedly softened following the treatment with 5 and 10 uM of a-mangostin for 6 h
(Fig. 3). Thus, KG-1 cells and their actin structures were very sensitive to a-mangostin.

The impact of a-mangostin on the surface stiffness of HeLa and KG-1 cells was high compared to
other cell types (Fig. 3). On the other hand, the actin structures of these cells were different; for instance,
HeLa cells had many fine actin fibers inside the cells and KG-1 cells had cortical actin (Fig. 4). These actin
structures were not changed upon treatment with a-mangostin as observed in the images recorded by
conventional fluorescence microscopy (Fig. 4). How does a-mangostin reduce the mechanical stiffness of
these cells? Our previous study showed that the mechanical alteration determined by AFM was more sensitive
method to determine the actin changes in the cells than by fluorescence microscopy [19]. Thus, probably
micro-structures of actin cytoskeleton are changed by treatment with a-mangostin. HeLa cells and cancer
cells have many short microvillus and protrusions on their surface (Fig. 4) [14]. KG-1 cells are also covered
with short microvilli on the surface (Fig. 4) [33, 34]. Thus, the short microvillus structure of actin
cytoskeleton may be a sensitive target of a-mangostin. Microvilli structures are localized at the surface of
leukocytes as well [35-37]. If the actin microvilli are sensitive targets of a-mangostin, a-mangostin may also
affect the mechanical stiffness of circulating leukocytes.

Then, what kind of signal cascade or actin modulation molecules are the potential targets of
o-mangostin with respect to its effect on mechanical stiffness? Previous research work indicates that
o-mangostin has various contradictory functions on the molecules that affect the actin cytoskeleton; it inhibits
myosin light-chain kinase (MLCK) and cyclic AMP-dependent protein kinase (PKA) [38]; it increases myosin

light-chain (MLC) phosphorylation and induces Ca*" influx in platelets [39]; it inhibits Ca®*-ATPase in the
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sarcoplasmic reticulum [40]; and it reduces Ca®" elevation by suppressed Ca*" influx [41]. These
contradictory functions of a-mangostin can modulate the actin cytoskeleton positively and negatively. Thus, at
present, it is difficult to assess the right targets of a-mangostin with respect to its effect on mechanical
stiffness. But, recently, it has been reported that the mechanical stiffness and surface microvilli structures of
KG-1 cells were related to cell adhesion and stimulation, and these were regulated by Ezrin/Radixin/Moesin
(ERM) proteins that were linker proteins between membrane proteins and cortical actin [34]. In future, further
studies using KG-1 cells might reveal the molecules involved in the processes of mechanical change caused
by a-mangostin. The research will definitely help to better understand the complex and diverse functions of
a-mangostin on various cells, including cancer cells, and enhance the pharmaceutical potential of naturally
occurring compound o-mangostin.

RAW 264.7 cells did not display any cell death but demonstrated slight mechanical change brought
about by a-mangostin (Figs. 1 and 3). Other studies have also reported that a-mangostin has no cytotoxic
effect on RAW 264.7 cells but does inhibit NO and PGE2 production from lipopolysaccharide
(LPS)-stimulated RAW 264.7 cells [32]. Furthermore, a-mangostin suppressed TLR4/NF-xB mediated
inflammation reactions in LPS-stimulated RAW 264.7 cells [42]. Thus, although RAW 264.7 cells are
completely resistant to the cytotoxic effects of a-mangostin, their intracellular molecules are affected by the

multiple biological functions of a-mangostin.

Conclusions

In this study, we first reported that a-mangostin had a potential to reduce the mechanical properties of all cell
types, including suspension cells, macrophages, and normal fibroblasts. The impact of a-mangostin on cell
mechanical properties was found to be different from that of the cytotoxic effects on the cells. The surface
stiffness of cancerous HeLa and floating KG-1 myeloblast cells was significantly softened by a-mangostin. In
contrast, the surface stiffness of normal fibroblast TIG-1 and macrophage RAW 264.7 cells was slightly

reduced by a-mangostin. Thus, the naturally occurring compound a-mangostin appears to modulate the
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common signal cascades of the actin cytoskeleton inside these cells but further studies are needed to confirm
this. Our findings will aid in the use of the complex and multi-functional a-mangostin in future medical

applications.
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Figure captions

Fig. 1. Cytotoxicity of a-mangostin on TIG-1, HeLa, HEK293, RAW 264.7, and KG-1 cells. These cells were
treated with various concentrations of a-mangostin (0 - 100 uM) and incubated for 24 h. The viable cells were
measured using the cell counting kit-8. The values were calculated from 3 experiments. The effective

concentration (ECs) is shown in each graph.

Fig. 2. Phase contrast micrographs of TIG-1, HeLa, HEK293, RAW 264.7, and KG-1 cells treated with
a-mangostin. These cells were cultured with or without 10 pM of a-mangostin (AMG) for 6 h. The object at

the left of each micrograph is the AFM cantilever. Bar: 100 pm.

Fig. 3. Young's modulus of cells treated with a-mangostin. Young’s modulus of TIG-1, HeLa, HEK293, RAW
264.7, and KG-1 cells were examined by AFM. The distribution of the Young's modulus of cells treated with
a-mangostin for 6 h is represented by scatterplots. Each point represents the median value of 25 measuring
points in each cell, and the Young’s modulus in each condition is represented in more than 21 independent
cells. The logarithmic average value of the Young's modulus (kPa) is shown at the top of each plot. # p < 0.01

vs. Young's modulus of the control (Dunnett pairwise comparison test).

Fig. 4. Fluorescence microscopy images of F-actin of cells treated with a-mangostin. TIG-1, HeLa, HEK293,

RAW 264.7, and KG-1 cells were treated with 10 pM of a-mangostin (AMG) for 6 h or 2 pg/mL of

cytochalasin D (CD) for 1.5 h, and then stained with rhodamine labeled-phalloidin. Bar: 50 pm.
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