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Novel Actin Depolymerizing Macrolide Aplyronine A1
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Aplyronine A is a macrolide isolated from Aplysia kurodai. By monitoring fluorescent
intensity of pyrenyl-actin, it was found that aplyronine A inhibited both the velocity and
the degree of actin polymerization. Aplyronine A also quickly depolymerized F-actin. The
kinetics of depolymerization suggest that aplyronine A severs F-actin. The relationship
between the concentration of total actin and F-actin at different concentrations of aplyro-
nine A suggests that aplyronine A forms a 1:1 complex with G-actin. From these results, it
is concluded that aplyronine A inhibits actin polymerization and depolymerizes F-actin by
nibbling. Comparison of the chemical structure of aplyronine A and another actin-depoly-
merizing macrolide, mycalolide B, suggests that the side-chain but not the macrolide ring
of aplyronine A may account for its actin binding and severing activity.
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Aplyronine A is a macrolide isolated from the sea hare
Aplysia kurodai from the Pacific coast of Mie Prefecture,
Japan (I). Previously, it has been shown that a macrocyclic
trisoxazole, mycalolide B (2), depolymerizes F-actin (3),
and inhibits smooth muscle contraction (4). Because aply-
ronine A and mycalolide B have different macrolide rings
and similar side-chains (Fig. 1), comparison of the bio-
chemical effects of these two compounds may clarify the
structure-activity relationship. For this purpose, we ex-
amined the effects of aplyronine A on actin. Results indicat-
ed that aplyronine A has the actin-depolymerizing effect,
suggesting that the side-chain, but not the macrolide ring,
binds to actin to depolymerize the filament.

MATERIAL AND METHODS

Preparation of Proteins—Actin was purified from rabbit
skeletal muscle (5) using buffer G containing 0.2 mM
CaCl2, 0.2 mM ATP, 0.5 mM yS-mercaptoethanol, and 2
mM Tris (pH 8.0 with HC1) as described previously (3).
The crude G-actin was subjected to Sephadex G-200 gel
filtration. Undenatured G-actin fraction was collected and
used. Tropomyosin was purified from rabbit skeletal
muscle (6) and its concentration was determined by
measuring absorbance at 276 nm using an extinction
coefiicient of 24,500 M"1-cm"1 (7).

Actin Labeling and Measurement of Fluorescence of
Pyrenyl-Actin—Pyrene labeling was performed by the
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method described previously (3). Actin polymerization was
started by the addition of 50 mM KC1 and 2 mM MgCl2 to
buffer G. The time course of polymerization (or depolymer-
ization) was continuously monitored by measuring fluores-
cence of pyrenyl-actin (2.5% of total actin) with a fluoro-
meter (FP-2060, Japan Spectroscopic) at 25'C at 365 nm
excitation and 407 nm emission wavelengths.

Nucleotide Exchange Assay—The G-actin solution was
diluted 100 times with a buffer containing 0.2 mM CaCl2,
0.5 mM yS-mercaptoethanol, and 2 mM Tris (pH 8.0 with
HC1), lOmin before the addition of 50//M eATP. The
fluorescence of eATP was monitored with the FP-2060
fluorometer at 360 nm excitation and 410 nm emission
wavelengths at 25"C (8).

Chemicals—Aplyronine A was isolated from sea hare
Aplysia kurodai by the method described previously (I).
Mycalolide B was isolated from marine sponge Mycale sp.
by the method described previously (2). .TV-(1-Pyrene) -
iodoacetamide and l,iV6-ethenoadenosine 5' triphosphate
(eATP) were obtained from Molecular Probes (Eugene,
OR).

RESULTS AND DISCUSSION

Addition of 50 mM K+ and 2 mM Mg2+ polymerized G-actin
after a lag phase (Fig. 2). Aplyronine A inhibited both the
velocity and the degree of polymerization without changing
the lag phase (Fig. 2). Figure 3A shows that aplyronine A
depolymerized F-actin. Aplyronine A accelerated the
depolymerization of F-actin in two phases, a rapid first
phase (< 1 min) and a slow second phase (> 1 min). To
determine whether aplyronine A has severing activity, we
compared the number of F-actin before and after treatment
with aplyronine A by a dilution method. In this method, the
decay of fluorescence after dilution of F-actin is considered
to be due to depolymerization from both ends of F-actin,
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Fig. 1. Chemical structures of aplyronine A (A) and mycalolide B (B). Note that compounds have different macrolide rings and similar
side-chains.
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Fig. 2. Time course of the inhibitory effect of aplyronine A on
actin polymerization. Actin (4 ̂ M) was treated without (O) or with
1 pM aplyronine A (A) for 12 min before starting the polymerization
at 25'C. At time 0, 50 raM KC1 and 2 mM MgCl, were added and
polymerization was monitored with fluorometer.

and thus the rate of depolymerization should be propor-
tional to the number of F-actin (3). When aplyronine A was
added to F-actin simultaneously with dilution, the initial
rate of depolymerization was markedly increased as shown
in Fig. 3B. This result suggests that aplyronine A severs the
F-actin.

When F-actin was pretreated with aplyronine A for 1.5
min, the intensity of fluorescence was decreased by approx-
imately 50%. Subsequently, the actin solution was diluted
and the rate of decrease in fluorescence was monitored.
Aplyronine A accelerated the depolymerization induced by
dilution, decreasing i,/2 from 0.8 to 0.3 min. When F-actin
was treated with aplyronine A for 17.5 or 30 min, the
fluorescent intensity before dilution was the same as that
after a 1.5-min treatment. However, the rate of depoly-
merization delayed again after a longer treatment with

aplyronine A (tU2 was 0.5 min for 17.5 or 30-min treat-
ment) (Fig. 3B). These results suggest that after aplyronine
A has severed F-actin, aplyronine A/G-actin complex may
be sequestered and fragmented short F-actin may be
reannealed to form longer filaments by binding in an
end-to-end manner as described by Wegner (9).

Figure 4 shows the relationship between the fluorescence
of F-actin and the total actin concentration in the absence or
presence of aplyronine A. In the absence of aplyronine A,
fluorescence increased linearly as a function of actin
concentration. Aplyronine A (1 and 2/<M) shifted the
concentration-fluorescence relationship to the right in
parallel, indicating that aplyronine A only increased critical
concentration, and had no other effect on the concentration-
fluorescence relationship. This result suggests that aply-
ronine A sequesters G-actin at a steady state. The id of
aplyronine A to G-actin was calculated to be 0.10//M
assuming that aplyronine A binds G-actin in a 1:1 ratio.

It has been shown that depactin, a monomer-sequester-
ing protein with severing activity, increased the rate of
actin polymerization (elongation) by increasing the number
of F-actin without facilitating nucleation (10). On the other
hand, profilin, a monomer-sequestering protein without
severing activity (11), affected neither nucleation nor
elongation. Although aplyronine A seems to have both
severing (Fig. 3) and sequestering (Fig. 4) activities, as
depactin does, it changed neither nucleation nor elongation
as did profilin (Fig. 2). This discrepancy suggests that the
binding affinity of aplyronine A to G-actin may be stronger
than that to F-actin and, therefore, the effective concentra-
tion of aplyronine A to sever F-actin becomes low when the
concentration of G-actin is increased. Mycalolide B, which
has both severing and sequestering activities, also did not
change nucleation and elongation. The effect of mycalolide
B may be explained by a similar mechanism (3). Further
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Fig. 3. A: Time course of the depolymerizing effect of aplyro-
nine A on F-actin. Aplyronine A was applied to F-actin at 0 min and
the decrease in fluorescence intensity was monitored. 100%: fluores-
cence intensity of G-actin (4 //M) before polymerization. 0%: fluores-
cence intensity of F-actin before the application of aplyronine A (O,
0.5//M; • , 1 fiM). B: Spontaneous depolymerization by dilu-
tion. Actin (12 //M) was polymerized with 50 mM KC1 and 2 mM
MgClj and then diluted by 160 times at time 0. O: control (final actin
concentration = 75 nM). A: diluted with aplyronine A (37.5 nM).
F-actin was treated with aplyronine A (6 ^M) for 1.5 min (A) , 17.5
min (•) or 30 min (O) and then diluted with buffer to final concentra-
tion of 75 nM actin and 37.5 nM aplyronine A.

studies are necessary to examine this possibility.
Phalloidin is known to bind F-actin in stoichiometry with

each actin protomer and to inhibit both polymerization and
depolymerization (12). As shown in Fig. 5, pretreatment of
F-actin (2.5 //M) with phalloidin (2.5 //M) completely
inhibited the depolymerizing effect of aplyronine A. In
contrast, tropomyosin (0.5 ^M), which is also known to
stabilize F-actin (13, 14), had no effect on the aplyronine A-
induced depolymerization. Our unpublished observation
showed that aplyronine A inhibited smooth muscle contrac-
tion in which actin filament is coated with tropomyosin.
From these results, it is suggested that tropomyosin may
not attenuate the action of aplyronine A.

G-Actin binds ATP in a 1:1 molar ratio, and this ATP is
exchangeable with free ATP. One can monitor the rate of
ATP exchange using a fluorescent analogue of ATP, e ATP
(8). It has been reported that the G-actin-binding proteins
either increase (25) or decrease (16-18) the exchange rate.
As shown in Fig. 6, aplyronine A inhibited the rate of ATP
exchange in a concentration-dependent manner. This result
suggests that aplyronine A causes a conformational change
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Fig. 4. Effects of aplyronine A on fluorescence intensity of
actin. The fluorescence intensity of actin incorporated into filaments
was plotted as a function of the total actin concentration in the
presence of 0, 1, and 2 //M aplyronine A. F-Actin was depolymerized
for 120 min in the absence (O) or presence of 1 ^M (A) or 2 ̂ M (A)
aplyronine A. Difference between the fluorescent intensity of G-actin
and that of F-actin is plotted on the ordinate. The intersection with
the i-axis in the presence of 0, 1, and 2 //M aplyronine A was 0.24,
0.95, and 1.64 //M, respectively, suggesting a Kd of 0.10 /*M if one
molecule of aplyronine A binds one molecule of actin.
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Fig. 5. Effect of phalloidin and tropomyosin on aplyronine A-
induced depolymerization. Experimental conditions are the same
as those in Fig. 3. Aplyronine A (2 /*M) was applied to F-actin (2.6
//M) in the absence (O) or presence of 2.5 ^M phalloidin (D) or 0.5
fiM tropomyosin (A).
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Fig. 6. Effect of aplyronine A and mycalolide B on the ex-
change rate of EATP with ATP bound to G-actin. Relationship
between the observed binding coefficient (ifeup) and concentration of
aplyronine A (o) or mycalolide B (A) is shown.
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in the G-actin molecule.
In conclusion, aplyronine A binds to G-actin in a 1:1

molecular ratio, sequesters G-actin from polymerization
and also severs F-actin. Previously, we have shown that a
marine toxin, mycalolide B, isolated from marine sponge,
inhibited the velocity and the degree of actin polymeriza-
tion. Mycalolide B inhibited polymerization by sequester-
ing G-actin and depolymerized F-actin by severing activity
(3). It has also been shown that mycalolide B-induced
depolymerization was inhibited by phalloidin (3) but not by
tropomyosin (unpublished observation). These results are
similar to those of aplyronine A. Comparing the chemical
structures of aplyronine A and mycalolide B (Fig. 1)
suggests that the side-chain, but not macrolide ring, may
play an important role in the actin-inhibiting activity of the
actin-depolymerizing macrolides.
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