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Arginine-specific ADP-ribosylation is a post-

translational modification, in which ADP-ribose moi-

ety of NAD is transferred to the arginine residues in

the target proteins. In eukaryotes, although arginine-

specific ADP-ribosyltransferases (ADPRTs) have been

detected in many species and tissues (1), the func-

tions of the transferases through the modification of

the target proteins remain obscure.

We previously reported that the arginine-specific

ADP-ribosyltransferase was present in the cytosol of

chicken polymorphonuclear leukocytes (so-called

heterophils) (2), and that the transferase could modify

various isoforms of globular actin (G-actin) in vitro,

thereby preventing the actin polymerization (3). ADP-

ribosylation sites in skeletal muscle α-G-actin were

determined to be Arg28 and Arg206, and the latter

was proved to be crucial for actin polymerization and

DNase I interaction (4). Moreover, an introduction of

NAD into the heterophils inhibited the increase in

filamentous actin contents induced by a chemotactic

peptide formyl-methionyl-leucyl-phenylalanine (5).
These results suggest that ADP-ribosylation of actin

might regulate the cytoskeletal organization in vivo.

It is generally accepted that polymerization of

actin and organization of the actin filaments are

regulated by ATP hydrolysis and by numerous actin-

binding proteins (6, 7). Inhibitory effect of ADP-

ribosylation on actin polymerization in vitro and in

situ (3-5) may implicate additional mechanism to

regulate cytoskeletal organization. Although we re-

ported that filamentous actin (F-actin) was also

ADP-ribosylated (3), we have not elucidated how

ADP-ribosylation of F-actin affects its polymeriza-

tion state. Thus, we turned our attention to see

whether ADP-ribosylation of F-actin affects the actin

polymerization or equilibrium state between G- and

F-actins. In this study, we examined the influence of

ADP-ribosylation on polymerization state of F-actin,

and show here evidence that ADP-ribosylation of

polymerized F-actin induces its depolymerization and

increases G-actin contents.

2��3.*�45�-�23�6/�5

[ adenylate-32P] NAD ( 29.6 TBq/mmol) was pur-

chased from New England Nuclear. ADPRT was
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purified from the chicken heterophils as described pre-

viously (2). G-actin was prepared from chicken breast

muscle by polymerization-depolymerization cycles and

an anion exchange column chromatography according

to Spudich and Watt (8) and further purified by the

gel filtration on a Sephadex G-150 column (3). Purity

of the actin was more than 95% determined by

SDS/PAGE, and the preparation should not contain

ADP-ribosylated G-actin because the modified actin

can not polymerize (3, 4). G-actin was incubated with

50 mM KCl and 2 mM MgCl2 at 30℃ for 2 hr, and

centrifugated at 105,000xg for 1 hr. Resultant precipi-

tate was resolved in the buffer containing 10 mM

imidazole, pH 7.5, 0.2 mM CaCl2 , 0.75 mM 2-
mercaptoethanol, 50 mM KCl and 2 mM MgCl2 and

used as F-actin fraction (4).
Purified actin (5 μg)was incubated with or without

purified heterophil ADPRT (10 ng) in the reaction

mixture containing 50 mM Tris/HCl, pH 9.0, 5 mM

dithiothreitol and 0.1 mM [32P]NAD (7.4 kBq/nmol)
at 25℃ for 15 min, and analyzed by SDS/PAGE and

autoradiography. In some cases, radioactivity in the

acid-insoluble fraction of the reaction mixture was

measured using scintillation counter.

Increase in the viscosity of actin solution was

used to estimate the increase in F-actin contents of

the solution. The viscosity of the solution was meas-

ured at 25℃ as a flow time required for the solu-

tion to pass through a glass capillary tube, Cannon-

Fenske viscometer (9). Relative viscosity, ηr, was

determined as the ratio of the flow time of actin so-

lutions incubated with MgCl2 to that without MgCl2.

Specific viscosity, ηs, was calculated by the follow-

ing equation; ηs = ηr-1. Contents of G- and F-actins

in the solution were also determined with ultracen-

trifugation at 105,000xg for 1 hr followed by meas-

urement of protein amounts in the resultant supernatant

and precipitate fractions, respectively (9).
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To examine the extent of ADP-ribosylation of F-

actin, polymerized actin was incubated with [32P]NAD

and ADPRT. As shown in Fig. 1, both G- and F-actins

appeared as 43 kDa single bands and were apparently

radiolabeled. The degree of the ADP-ribosylation of F-

actin was nearly a half of that of G-actin (lanes 1
and 2). ADP-ribose incorporation into the F- and G-

actins during 15 min incubation with ADPRT were

0.29 mol/mol and 0.57 mol/mol, respectively. These

results are consistent with the data in which G-actin

was modified at Arg28 and Arg206 on the molecule,

whereas F-actin was Arg28 only (4). When ADPRT

was omitted from the reaction mixture, F-actin was

hardly labeled (Fig. 1, lane 3).
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Next, we examined effects of ADP-ribosylation of

F-actin on its polymerization state by measuring vis-

cosity of the actin solutions. G-actin solution including

2 mM NAD was incubated with 2 mM MgCl2 for 60
min, and then, ADPRT was added to the solution. The

flow time required for the solution to pass through a

capillary tube was measured at each time indicated,

and the specific viscosity was calculated. As shown in

Fig. 2, viscosity of the solution was increased and

reached to the maximum level, 0.20 at 60 min. After

adding ADPRT, the viscosity was gradually decreased

and the lowest viscosity 0.10 was obtained 2 hr after

the addition. Prolonged incubation no longer decreased

the viscosity (data not shown). These results suggest

��

Fig. 1. ADP-ribosylation of G- and F-actins. Five μg of
G- (lane 1) or F- (lanes 2 and 3) actin was incubated in
the reaction mixture containing [32P]NAD with (lanes 1
and 2) or without (lane 3) purified ADPRT at 25℃ for
15 min, and then subjected to SDS/PAGE followed by
Coomassie brilliant blue staining (A) and autoradiography
(B). Labels on the left indicate the sizes of molecular-
mass markers.
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that ADP-ribosylation decreases the F-actin content.

This was confirmed by assessment of contents of G-

and F-forms in the actin solution with

ultracentrifugation. Incubation of polymerized actin

with ADPRT in the presence of NAD for 2 hr reduced

F-actin content from 96% to 45% and increased

monomeric G-actin content from 4% to 55%. These

results indicate that ADP-ribosylation of F-actin de-

creases its polymerized form. Taken together with the

previous observation that ADP-ribosylation of G-actin

inhibits its polymerization (3), ADP-ribosylation may

shift the equilibrium state between G- and F-actins to-

ward G-actin.
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Actin, a highly conserved family of cytoplasmic

proteins and major constituent in all eukaryotic cells,

is one of the most important components of

cytoskeletal architecture microfilament. Actin is in-

volved in a wide variety of cellular processes, such as

phagocytosis, secretion, cell locomotion, and the main-

tenance of the cell shape, besides muscle contractions.

All these functions depend on the capacity of actin to

polymerize and form filamentous actin, and to

depolymerize to monomeric actin. In the resting state

of the cell, monomeric G-actin and polymerized F-

actin are in dynamic equilibrium state, which is

regulated by various actin binding proteins (6, 7, 10).
Actin filaments have two polar, non-equivalent ends

for polymerization and depoly-merization; one is�barbed end�and the other �pointed end�. As a result of

the difference in the assembly rates at the two ends,

actin monomers can cycle through the filaments from

the �barbed end�to �pointed end�, thus keeping the

equilibrium state (Fig. 3a).
When G-actin is ADP-ribosylated, ADP-ribose moi-

ety covers the �pointed end�of the actin at Arg206 to

inhibit polymerization by a steric hindrance (3, 4, 11)
(Fig. 3b). Mechanism of the inhibition seems different

from that caused by clostridial ADP-ribosylating tox-

ins, C. botulinum C2 and C. perfringens iota toxins,

since both toxins ADP-ribosylate the �barbed end�of

actin at Arg177 (11, 12).
Though we demonstrated that ADP-ribosylation of

actin in the �pointed end�at Arg206 might cause the

inhibition of actin polymerization (3, 4), the role of

ADP-ribosylation of actin Arg28 which is located in

the �lateral surface�had been remained obscure. In this

study, we demonstrated that ADP-ribosylation of F-

actin induces its depolymerization. The result suggests

that ADP-ribosylation of Arg28 in the F-actin causes

the disruption of ordered conformation of the filament,

and may stimulate depolymerization of F-actin. When

F-actin is ADP-ribosylated, ADP-ribose moiety at-

taches to the �lateral surface�of actin filaments at

Arg28 and probably causes conformational changes in

F-actin (4, 11, 13), leading to induce the depoly-

merization (Fig. 3c). In this state, additional modifica-

tion may occur in the �pointed end�on the depoly-

merizing G-actin which has been already modified at

the �lateral surface�. Thus, ADP-ribosylation would fa-

cilitate actin depolymerization, through both inhibition

of the polymerization and induction of depoly-

merization. Taken together, ADP-ribosylation of G-

and F-actins may have functional roles to inhibit actin

polymerization and induce actin depolymerization, re-

spectively, and by the sum of these effects, actin equi-

librium would be shifted to the G- actin-dominant

state.

Cellular concentration of G-actin is much higher

than the critical concentration of G-actin for actin po-

lymerization in vitro, and the phenomenon has been

ascribed to numerous actin-binding proteins (6). It has

been also shown that post-translational modifications

��

Fig. 2. Effect of ADP-ribosylation on the viscosity of F-
actin. Purified actin (0.5 mg/ml) including 2 mM NAD
was incubated with 2 mM MgCl2 for 60 min, and then,
ADPRT (10 μg) was added to the solution (indicated by
an arrow). Incubation was continued for further 120 min.
Specific viscosity of the actin solutions incubated for indi-
cated times was determined as described in Materials and
Methods.
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of actin including phosphorylation (14) may be in-

volved in the regulation of actin polymerization. We

previously reported the in situ ADP-ribosylation of

actin in saponin-permeabilized polymorphonuclear leu-

kocytes and the inhibitory effect of the ADP-

ribosylation on actin polymerization (3, 4). We

postulate here that ADP-ribosylation may have a role

to the regulation by shifting G-F actin equilibrium to-

ward G-actin through the modification of both G- and

F-actins. Taken together with our recent study that

ADP-ribosylation of tubulin, which is also a major

component of cytoskeleton, was ADP-ribosylated and

lost the capacity to form microtubule (15), ADP-

ribosylation may participate in the regulation of

cytoskeletal reorganization in the cells.
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