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molecular weight actin-binding and depolymerizing
From lily pollen tubes, an actin-binding protein com- protein, have been established to some extent (6). How-

posed of 115-kDa polypeptide was purified sequen- ever, few biochemical and molecular biochemical stud-
tially by co-precipitation method with F-actin, hydrox- ies have been performed on other classes of actin-bind-
ylapatite column, gel filtration column and DE-52 ion ing proteins in plant cells.exchange column chromatography. This component In the germinating pollen, strands and bundles ofdisplayed a tendency to aggregate in solutions of low

actin filaments parallel to the long axis of pollen tubeionic strength, indicating a hydrophilic characteristic.
are present and responsible for cytoplasmic streamingUnder physiological ionic conditions, this component
and transport of vegetative nuclei and generative cellsbound to F-actin in an actin-concentration-dependent
(7, 8). Recently, we purified a 170-kDa component and awas saturable manner. Binding of this component to
135-kDa component (P-135-ABP) from lily pollen tubesF-actin was independent of ATP and Ca2/-concentra-
and identified those as a myosin heavy chain and antions. Fluorescent microscopy revealed that F-actin la-
actin-bundling protein, respectively (9, 10). We furtherbeled with rhodamine-phalloidin showed bundling in
reproted that 115-kDa polypeptides from a crude ex-the presence of this component. Judging from the lack
tract of lily pollens bound specifically to exogeneouslyof antibody cross-reactivity, this component does not

seem to be related to a-actinin of skeletal muscle and added F-actin, beside of 170-kDa myosin heavy chain
plant 135-kDa actin-bundling protein. Therefore, this and P-135-ABP (9; in this report, we referred to the
component is the F-actin binding protein, which has 115-kDa polypeptide as the 110-kDa polypeptide). In
not been identified thus far in plant cells. q 1998 Academic the present study, we purified the 115-kDa component
Press from a crude extract of lily pollen and showed that it

Key Words: actin; actin-binding protein; lily; pollen is F-actin binding protein, which has not been identi-
tubes. fied in plant cells.

MATERIALS AND METHODS
The actin-binding proteins, including monomer-se-

Purification of a 115-kDa component from lily pollen tubes. Pollenquestering, end-capping, cross-linking, severing and
of lily (Lilium longiflorum) was allowed to germinate in a cultureside-binding proteins, regulate the polymerizing states medium (7% sucrose, 1.27 mM Ca(NO3)2, 0.162 mM boric acid, 0.99

or architectures of actin filaments (1-3). They are also mM KNO3, and 3 mM KH2PO4) at 287C for 1.5 to 2 hr. Unless other-
believed to mediate the organization of the actin cy- wise noted, each procedure was performed at 0 to 47C. In each column

step described below, the fractions including the 115-kDa componenttoskeleton in plant cells where remarkable or dramatic
were determined by SDS-PAGE.changes occur during the cell cycle or developmental

Preparation of a crude extract from the germinating pollen andprocess (4, 5). The biochemical or functional properties subsequent co-precipitation with F-actin prepared from chicken
of profilin or actin-depolymerizing factor (ADF), low breast muscle were carried out according to Yokota and Shimmen

(9). The extract of the co-precipitant with F-actin in a solution (0.2
M KCl, 10 mM EGTA, 6 mM MgCl2, 5 mM ATP, 5 mM potassium
phosphate buffer (pH 7.0), 100 mg/ml leupeptin, 1 mM PMSF, 2 mM1 Corresponding author. Fax: 81-7915-8-0175. E-mail: yokota@

sci.himeji-tech.ac.jp. DTT and 30 mM PIPES-KOH (pH7.0) ) was chromatographed on a
hydroxylapatite column pre-equilibrated with a solution containingAbbreviations: DTT, dithiothreitol; EGTA, ethylene glycol bis(2-

aminoethyl ether)-N,N,N*,N*-tetraacetic acid; P-135-ABP, plant 135- 5 mM potassium phosphate buffer (pH 7.0), 0.2 M KCl, 10 mM EGTA,
6 mM MgCl2, 50 mg/ml leupeptin, 0.5 mM PMSF, 1 mM DTT andkDa actin-bundling protein; PIPES, piperazine-N,N*- bis(2-ethane-

sulfonic acid); PMSF, phenylmethylsulfonyl fluoride; SDS-PAGE, so- 30 mM PIPES-KOH (pH 7.0). The adsorbed materials were eluted
with a linear concentration gradient of potassium phosphate bufferdium dodecyl sulfate-polyacrylamide gel electrophoresis.
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(pH 7.0) from 5 to 400 mM. Fractions containing the 115-kDa compo-
nent were pooled and then concentrated by ultrafiltration using Ami-
con PM 10 membrane (Amicon Co., Lexington, MA). This concen-
trated sample was chromatographed on Sephacryl S-300 gel filtration
column (Pharmacia-LKB Biotechnology AB, Uppsala, Sweden) pre-
equilibrated with a solution of 5 mM KCl, 1 mM EGTA, 2 mM MgCl2,
50 mg/ml leupeptin, 0.5 mM PMSF, 1 mM DTT and 30 mM PIPES-
KOH (pH 7.0). Fractions containing 115-kDa component were pooled
and then directly applied to DE-52 ion exchange column (Whatman
Biosystems Ltd., Kent, UK) pre-equilibrated with the same solution
used for the gel filtration. The adsorbed materials were eluted with a
linear concentration gradient of 5 to 100 mM KCl in pre-equilibrated
solution. After fractionation, KCl concentration of each fraction was
adjusted to 0.1 M by adding 3 M KCl solution.

Cosedimentation analysis of the 115-kDa component with F-actin.
The 115-kDa component fraction (final concentration of 1.7 mg/ml)
was mixed with F-actin in 100 ml of an assay solution containing 0.1
M KCl, 1 mM EGTA, 2 mM MgCl2, 50 mg/ml leupeptin, 0.5 mM
PMSF, 1 mM DTT and 30 mM PIPES-KOH (pH 7.0), and kept stand-
ing for 20 min at 207C. As a control, the 115-kDa component fraction

FIG. 2. Co-sedimentation of 115-kDa component with F-actin.
The 115-kDa component alone was centrifuged without (A) or with
the addition of 0.1 M KCl (B). The mixture of 115-kDa component
(final concentration at 1.7 mg/ml) and F-actin (final concentration at
80 mg/ml) was centrifuged in -ATP, -Ca2/ (C), /Ca2/ (D), or /ATP
(E). F, plots of the amount of 115-kDa component bound to F-actin
versus precipitated F-actin. s, supernatant; p, pellet. Samples of C-
D contained 0.1 M KCl.

or F-actin alone was treated in the same manner. To examine the
effect of Ca2/ or ATP on the co-sedimentation of 115-kDa component
with F-actin, CaCl2 (final concentration of 1.5 mM) or ATP (final
concentration of 4 mM) was added to the assay solution, respectively.
The samples were centrifuged at 200,0001g for 20 min at 207C.
Pellets were suspended in 100 ml of the assay solution. Both the
supernatants and pellets were electrophoresed on 7.5% polyacryl-
amide gel. After staining of the gels, the amounts of actin and 115-
kDa polypeptide in the supernatants and pellets were measured by
densitometry (Densito-Pattern Analyzer EPA-3000; Cosmo Bio. Co.,
Ltd., Tokyo) as described in the preceding paper (10).

Interaction of rhodamine-phalloidin labeled F-actin with the 115-
kDa component. F-actin was labeled with rhodamine-phalloidin
(Molecular Probes, Inc., OR) according to Kohno et al. (11). It was
then added to the 115-kDa component fraction in the assay medium
used for the co-sedimentation procedure. The concentrations of 115-
kDa component and rhodamine-phelloidin labeled F-actin were ad-
justed to 1.6 mg/ml and 3 mg/ml, respectively. After incubation for 20FIG. 1. Hydroxylapatite (A), Sephacryl S-300 gel filtration (B)

and DE-52 ion exchange (C) column chromatographies. Closed circles min at 207C, the sample was observed under a microscope (BH2;
Olympus Co., Tokyo) equipped with epifluorescence optics (BH2-in A and C indicate the concentration of potassium phosphate and

KCl, respectively. Arrows in B indicate the void volume (a), elution RFC; Olympus Co.). Images were recorded on video tapes with a
video tape recorder (National NV-FS65; National Co., Ltd, Tokyo)position of 670-kDa thyroglobulin (b), 158-kDa bovine g-globulin (c)

and 44-kDa ovalbumin (d). Arrowheads indicate the 170-kDa mysoin through a high sensitivity television camera (C2400-08 SIT camera,
Hamamatsu Photonics K., K., Tokyo), and were processed with imageheavy chain (1), 135-kDa polypeptide of P-135-ABP (2) and 115-kDa

polypeptide (3). The molecular weight (11003) of standard proteins SIII (Nippon Avionics, Co., Ltd., Tokyo). AS a control, rhodamine-
phalloidin labeled F-actin alone was treated in the same manner. Toare indicated on the left. Fraction number is shown on the top of

figures. examine the effect of Ca2/ or ATP, Ca2/ (final concentration of 1.5
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mM) or ATP (final concentration of 4 mM) was added to the assay shown), as reported previously (9, 10). This precipitant
solution. was extracted with the 0.2 M KCl solution described

Other methods. a-Actinin was purified partially from chicken giz- in Materials and Methods. The extract was ap-
zard according to the method of Feramisco and Burridge (12), and plied to the hydroxylapatite column, and the adsorbed
F-actin from chicken breast muscle according to the method of Ko- materials were eluted with a linear concentration gra-hama (13). SDS-PAGE was performed according to the method of

dient of potassium phosphate. As reported previouslyLaemmli (14). Unless otherwise mentioned, 7.5% polyacrylamide gel
(9), the 115-kDa component was eluted at about 0.1 Mwas used as the separating gel. The gels were stained with Coomassie

brilliant blue. Immunoblotting was performed as described pre- potassium phosphate (Fig. 1A). Fractions 15 to 19 in
viously (15). Anti-serum against P-135-ABP (10) or against a-actinin Fig. 1A were concentrated and then applied to Sepha-
of chicken gizzard (Sigma Chem., Co., St. Louis, MO) was diluted cryl S-300 gel filtration column. Both the 115-kDa com-2,000- or 1,000-fold, respectively. Protein concentration was deter-

ponent and P-135-ABP were eluted at similar positionsmined by the method of Bradford (16).
around 260 kDa (Fig. 1B). The 170-kDa myosin was
eluted in the fraction near the void volume. FractionsRESULTS AND DISCUSSION
10 to 13 in Fig. 1B were pooled and directly applied to
DE-52 ion exchange column. The 115-kDa componentPurification of the 115-kDa Component from Lily
was present in the flow-through and 5 mM to 20 mMPollen Tubes
KCl-eluted fractions, while P-135-ABP was eluted by

The 115-kDa component in the crude extract was co- KCl at concentration higher than 20 mM. After addi-
tion of KCl at a final concentration of 0.1 M, fractionsprecipitated with exogeneously added F-actin (data not

FIG. 3. Fluorescence micrographs of mixtures of 115-kDa component and rhodamine-phalloidin labeled F-actin in -ATP, -Ca2/ (B),
/Ca2/ (C) or /ATP (D). A, rhodamine-phalloidin labeled F-actin alone. The scale represents 10 mm.
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4 to 7 in Fig. 1C were pooled and used as the purified
115-kDa component.

When the 115-kDa component fraction was left with-
out addition of 0.1 M KCl, the component sedimented
on centrifugation at 150,0001g for 10 min (Fig. 2A),
indicating that it forms an aggregate under the low
ionic strength condition. This suggests that the compo-
nent is hydrophilic.

Binding Properties of 115-kDa Component to F-actin

Under the centrifugation conditions described in Mate-
rials and Methods, the 115-kDa component remained in
the supernatant in the absence of F-actin (Fig. 2B), but
sedimented in its presence (Fig. 2C). While the binding
of the 115-kDa component to F-actin was not affected by
Ca2/ (Fig. 2D) and ATP (Fig. 2E), it was dependent on
actin concentration (Fig. 2F). The amount of 115-kDa
component bond to F-actin became saturated at concen-
trations higher than 20 mg/ml. FIG. 4. Immunoblots of partially purified chicken a-actinin (a)

To visualize the interaction of the 115-kDa compo- and hydroxylapatite column fraction containing both P-135-ABP and
nent with F-actin, rhodamine-phalloidin labeled F-ac- 115-kDa component (b). A, Coomassie brilliant blue staining of the

gel. B and C, immunoblot with antiserum against 135-kDa polypep-tin was added to the 115-kDa component, and the mix-
tide of P-135-ABP and with antiserum against chicken a-actinin,ture was observed by fluorescence microscopy. In the
respectively. Arrowheads indicate the 135-kDa polypeptide (1) andabsence of the 115-kDa component, rhodamine-phalloi- 115-kDa polypeptide (2).

din labeled F-actin because dispersed in a disorder
manner on the glass surface (Fig. 3A) and displayed
Brownian motion. However, in the presence of the 115- from lily pollen tubes (data not shown). Hence, it iskDa component, numerous bundles of rhodamine-phal- doubtful whether the component processing similar an-loidin labeled F-actin were observed (Fig. 3B). These tigenicity to animal a-actinin really exists in plantbundles with the 115-kDa component were also seen cells. The other F-actin-binding proteins that havein the presence of Ca2/ (Fig. 3C) and ATP (Fig. 3D). been identified in plants cells so far are spectrin-like

polypeptides (14, 15) and elongation factor-1a (16, 17).Antigenicity of the 115-kDa Component
However, judging from molecular mass data, the 115-
kDa component is obviously different from these F-ac-The 115-kDa polypeptide was not recognized by the

antiserum against P-135-ABP (Fig. 4B). Our preceding tin-binding proteins.
Grolig et al. (22) suggested that 110-kDa polypeptidepaper (10) reported that this antiserum crossreacted

specifically with only the 135-kDa polypeptide in a of Chara is a myosin, based on the crossreactivity with
monoclonal antibodies against myosin II heavy chaincrude protein sample of lily pollen. These results indi-

cate that the 115-kDa component is not proteolytic and binding to F-actin in ATP-dependent manner. Fol-
lowing results exclude a possibility that 115-kDa poly-fragments of P-135-ABP formed during purification

steps. The molecular mass of the 115-kDa polypeptide peptide is a higher plant analogue to the 110-kDa-myo-
sin like polypeptide reported in Chara cells. The bind-on SDS-PAGE is close to that of a-actinin, an F-actin

cross-linking protein, which is composed of subunits ing of isolated 115-kDa component to F-actin was not
affected by ATP (Fig. 2 and 3). In the present study,of 90 to 110 kDa (1,2). The component recognized by

monoclonal antibodies against chicken a-actinin have the co-precipitant of a crude extract with F-actin was
treated with a solution containing ATP to release thebeen found around nuclei in Acetabularia cells (17).

However, molecular mass of this component has not 115-kDa component from F-actin. However, we have
shown that the 115-kDa component co-precipitatedbeen shown by immunoblotting (17). The polyclonal an-

tiserum against chicken a-actinin recognized neither with F-actin in the crude extract was also dissociated
from F-actin by the treatment with a high ionicthe 115-kDa polypeptide nor the 135-kDa polypeptide

of P-135-ABP (Fig. 4C). Therefore, we concluded that strength solution lacking ATP. On the other hand, the
170-kDa myosin remains to be associated with F-actinthe 115-kDa component is distinct from a-actinin-like

component identified immunocytochemically in Acetab- under the same condition (10). These results indicate
that the 115-kDa component is a novel F-actin-bindingularia cells. In immunoblotting assay, no polypeptide

crossreacted specifically with the polyclonal antiserum protein in plant cells.
The 115-kDa component appears to bundle F-actinagainst chicken a-actinin in a crude protein sample
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