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ABSTRACT. Actin interaction with L-plastin, a plastin/fimbrins isoform of theactinin family of molecules,

is poorly characterized, from the biochemical point of view. Besides, molecular modeling of the T-isoform
has recently provided a complete model of interaction with filamentous actin [Volkmann, N., DeRosier,
D., Matsudaira, P., and Hanein, D. (200L)Cell Biol. 153 947—956]. In this study, we report that
recombinant L-plastin binds actin in a manner that strongly resembles that@fabgnin—actin interface.

The similitudes concern the absence of specificity toward the actin isoform and the inhibition of the
binding by phosphoinositides. Furthermore, the participation of actin peptideslPb2and 366-372 in

the interface together with an inhibition of the rate of pyrenyl F-actin depolymerization is in favor of a
lateral binding of the plastin isoform along the filament axis and strenghtens the similitudes in the way
L-plastin anda-actinin bind to actin. We have also investigated the functional aspect and the putative
equivalence of the two actin-binding domains of L-plastin toward actin binding. We demonstrate for the
first time that the two recombinant fragments, expressed as single domains, have different affinities for
actin. We further analyzed the difference using chemical cross-linking and F-actin depolymerization
experiments assayed by fluorescence and high-speed centrifugation. The results clearly demonstrate that
the two actin-binding domains of plastin display different modes of interaction with the actin filament.
We discuss these results in light of the model of actin interaction proposed for T-plastin.

L-Plastin (MW = 70 kDa) is an actin-bundling protein domain (1), and theArabidopsis thalianaone bearing an
that belongs to thew-actinin family of proteins 1) and to additional sequence in its COOH-terminal sequerik®. (
the fimbrin subfamily, in which it exhibits functional L-Plastin was originally shown to be overexpressed in many
conservation J). In wivo, fimbrins 3) are found to be  cancers, particularly those associated with steroid hormone
associated with unipolar filaments as in microvilli of epi- expression, i.e., ovarian, breast, and prostate carcindtfias (
thelial cells, stereocilia of epididymis, and hair cedl §), 14). This has recently led researchers to develop new
and in adhesion sites, fimbrin is found at the eetatrix therapeutic tools based on the L-plastin gene for slowing
interface where it was shown to interact with viment). ( the progression of cancém vivo (15, 16). Under normal
All members of the fimbrin family share in commun two conditions, L-plastin expression is restricted to hematopoietic
highly conserved actin-binding domains (ABBsjprming cells, whereas the other human isoform, T-plastin, is associ-
the core of the molecule; the presence of a specific-NH ated with all the other tissues.

terminal domain, eventually supporting calcium (“EF-hands”  |n L-plastin, the core domain is formed by a tandem
domains) and phosphorylation (only the L isoform) regula- repetition of the two ABDs, the sequence of the first one
tion, is also characteristic of this family{10). However, (ABD1) being more homologous with the actin-binding
some new members of the family show particularities: domain ofa-actinin (27 kDa) than the sequence of ABD2.
Tetrahymendimbrin, which is deprived of the N-terminal  More generally speaking, the degree of homology is higher
between ABDs of different members of the fimbrin family
T This work was supported by Grant 9491 from the Association de (taken at the same position) than between the two ABDs of

Ref%r(\:,\',]ﬁos rﬁ%’:ﬁg; gl%lcrgé should be addressed, Telephone: (Oothe same molecule. There is only limited biochemical data
33) 4 67 14 38 89. Fax: (00 33) 4 67 14 49 27. E-mail: mclebart@ about the interaction of plastin with actih4, 18) and none

univ-montp2.fr. about the actin-binding domains. These studies report that
~ " Abbreviations: ABD, actin-binding domain; FITC, fluorescein L-plastin bundling activity is inhibited by calcium in the
isothiocyanate; I-AEDANS,N-(iodoacety)N'-(8-sulfo-1-naphthyl)- — micromolar range and that L-plastin binding to F-actin is

ethylenediamine; EDC, 1-ethyl-3-[3-(dimethylamino)propyljcarbodi- . f if . v th | isof
imide; EEDQ,N-(ethoxycarbonyl)-2-ethoxy-1,2-dihydroquinoline; ELISA,  1S0form specific, since only the cytoplasnfieisoform was
enzyme-linked immunosorbent assay; GST, glutath®trmnsferase; shown to bind L-plastin.

IPTG, isopropy! thioS-p-galactoside; SDSPAGE, sodium dodecyl . ; in hindi ; _
sulfate-polyacrylamide gel electrophoresis; PIP2, phosphatidylinositol New insight into actin binding was gained by the deter

4,5-bisphosphate; P, phosphatidylinositol; PBS, phosphate-buffered Mination of the three-dimensional structure of part of the
saline. actin-binding domain of several members of thactinin
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family, namely, ABD1 of T-plastin at 2.4 A resolution9),
the C-terminal domain of humag-spectrin at 2.0 A
resolution 0), and the actin-binding region of the dystrophin
homologue, utrophin, at 3.0 A resolutio?1( 22). Sequence
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buffer composedfol M NaCl, 0.1 mM CaCJ, 1 mM DTT,
and 20 mM Tris-HCI (pH 7.5). Fractions containing pure
actin were pooled after being analyzed by 12.5% SDS
PAGE and dialyzed against buffer G. F-Actin was obtained

analysis and electronic microscopy have previously shown after addition of 200 mM KCI, 2 mM MgG| and 1 mM
that each actin-binding domain resembles a tandem duplica-EGTA and ultracentrifugation (20 min at 300@f)0 The

tion of a calponin-like subdomain, termed “calponin homol-
ogy domains” (CH). Plastin would thus contain four of these

presence of different isoforms was checked using a two-
dimensional gel (Bio-Rad). This method allowed us to

domains with unique particularity due the presence of a large recover 1.8 mg of actin made of 90% of thésoform from

inter-CH domain linkerZ3). An atomic model of T-plastin
(segment $375) interaction with skeletab-F-actin was

1 g of total acetone powder.
Skeletal actin was isolated from acetone pow@8&) é&nd

deduced using electron cryomicroscopy and image analysis further purified when necessary as previously descriéyd (

placing ABD1 in a concave surface between two actin
monomers along the long pitch helix of the microfilament
(24, 25). Sites of contact with plastin were proposed in actin

Monomeric actin complexed with magnesium«®lg) was
obtained after dialysis against 1 mM EGTA, 0.1 mM MgCI
0.2 mM ATP, and 10 mM MOPS (pH 7.2) (buffer A). Actin

subdomains 1 and 2. Recently, the first atomic model of was labeled at Cys374 using 1.5-I-AEDANSOQ], and

complete actin-fimbrin cross-links was publishe@®). This

pyrenyl F-actin was obtained as described in3&f

study proposes a model for the whole fimbrin molecule based Peptides encompassing residues 1080, 112-125,

on crystallographic data (for ABD1) associated with molec-
ular modeling for the ABD2 and the NHerminal domains.

355-375, and 366372 were synthesized on a solid phase
support using the 9-fluorenylmethyloxycarbonyl-tertio-butyl

In the study presented here, we have investigated thesystem with a Milligen Pepsynthesizer TM 9050 (Milligen

interaction of expressed L-plastin with actin using fluores-

Bioresearch Division, Watford, U.K.). Each peptide was

cence, solid phase assays, chemical cross-linking experi-shown to be homogeneous using analytical HPLC and
ments, and high-speed centrifugation. We report biochemical€lectrospray mass spectroscopy. Peptides-125, 360-

similitudes of binding of L-plastin to thet-actinin—actin
interface, which underline the lateral binding of the ABP

372, and 355375 were labeled at cysteine residue with 1.5-
I-AEDANS according to the method described in G4.

along the filament axis. We also investigated the functional Excess reagent was eliminated by sieving through a Bio Gel

aspect and the equivalence of the two ABDs of L-plastin

P2 column equilibrated with 100 mM NHCO; (pH 8.3).

toward actin binding. We show that the two domains have Peptides 112125 and 366-372 could be dansylated due
different behaviors and demonstrate different modes of to the addition of an extra Cys at the NExtremity of the

interacting with the actin filament.

EXPERIMENTAL PROCEDURES

Reagents.Biotin amidocaproateN-hydroxysuccinimide

sequence.

L-Plastin was expressed after transformation of the GST
L-plastin fusion cDNA in the pGEX vector (gift of Dr. Arpin)
in TG1 bacteria and grown at 3T in LB medium as a
preculture (5 mL). This was used to innoculate a large culture

ester, alkaline phosphatase-labeled streptavidin, gelatin, its(2 L) containing 10Qug/mL ampicillin. When the absorbance

crude pancreatic digest, 5-bromo-4-chloro-3-indolyl phos-
phate (BCIP), nitro blue tetrazolium (NBT), glutathione

of the culture reached 0-80.9 at 595 nm, induction was
performed with 1 mM IPTG and the cells were left to grow

agarose beads, human thrombin, fluorescein isothiocyanat&q, 5 h at 37°C. The cells were harvested by centrifugation,

(FITC), EDC, NHS, and IAEDANS were purchased from
Sigma. Ampholytes (pH ranges of-30 and 5-7) were from
Fluka. Anti-rabbit immunoglobulins labeled with alkaline

phosphatase were obtained from Valbiotech (Paris). Molec-

ular mass markers for SBFAGE (between 14 and 97 kDa)
were from Bio-Rad. PIP2, its derivatives, and monoclonal
antif-actin (clone AC-15) were purchased from Sigma,;
glutathione was from Boerhinger. PD10 columns were from
Pharmacia. All other chemicals were analytical-grade.

Proteins and Peptidesi-Actinin was prepared as previ-
ously reported Z7).

Cytoplasmig3-actin was prepared from calf thymus using
the following protocol. Ground tissue (100 g) was submitted
to treatment with 3« 150 mL of acetone. The crude acetone
powder that was obtained {3 g) was then extracted in 20
volumes over the course of 20 min at’G in buffer G [2
mM Tris-HCI, 0.1 mM CaCy, and 0.2 mM ATP (pH 7.8)].
After a first centrifugation (15 min at 3500 the super-
natant containing G-actin was clarified by ultracentrifugation
(90 min at 10000§). The sample was filtered (0.4&m)

and the pellet was frozen. Cells were resuspended in lysing
buffer [L mM EDTA, 300 mM NaCl, 5 mM DTT, 20 mM
Tris-HCI, and 0.2% Nail(pH 8)] containing 10Qug/mL
lysozyme. The mixture was sonicated ¢4 30 s) and
centrifuged for 30 min at 1000@Qand the supernatant was
loaded on a glutathionreagarose column equilibrated in 300
mM NaCl, 1 mM EGTA, 1 mM DTT, 20 mM Hepes, and
0.02% NaN (pH 7.2). After a washing step ugji M NacCl,
thrombin was added (10 units/mL of gel), and digestion was
allowed to proceed fol h on astirring wheel in 150 mM
NaCl, 2 mM CaC}, and 50 mM Tris-HCI (pH 8). L-Plastin
was recovered from the column, dialyzed against 100 mM
KCI, 1 mM EGTA, and 20 mM MOPS (pH 7.2) (buffer B),
and analyzed by 10% SDSAGE after Coomassie Blue
staining as well as Western blotting (Figure 1a). GST was
eluted using 10 mM glutathione in 50 mM Tris-HCI (pH
8.5). The capacity of expressed L-plastin to bind F-actin was
previously reported using electron microsco@2)( and
checked here in cosedimentation assays (not shown). L-
Plastin (16-12 mg/L of culture) was used within 1 week.

and then loaded on a Poros HQ/H anion exchanger columnGST fusion constructs were generated by PCR cloning of
(Boehringer) using FPLC in 20 mM MOPS, 0.1 mM CaCl  L-plastin segments. cDNA regions encompassing residues
and 1 mM DTT (pH 6.8), and actin was eluted at 28% of a 390-1208 (protein fragment 166379) and 12151958
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Ficure 1: Purification of genetically expressed L-plastin and
recombinant fragments. In panel a, SBISAGE (lane 1) and
immunoblotting (lane 2) profiles of the fraction recovered from a
glutathione-agarose column show that it is pure plastin (95%).
Identification was achieved with the anti-Mterminal antibodies

(1 ug/mL, lane 2). In panel b, ABD1 and ABD2 fragments were
submitted to SDSPAGE (lanes 1 and 2) and transferred to
nitrocellulose sheets (lanes-8); the membrane was revealed by
the anti-ABD1 (1ug/mL, lanes 3 and 4) and the anti-ABD2 (1
ug/mL, lanes 5 and 6), respectively. Note the specificity of each
antibody reacting only with the related fragment. Molecular mass
markers are given on the right.

(protein fragment 386627) were amplified using synthetic
oligonucleotide primers (Q-biogene) containing an extra
nucleotide tail for 8BanH| or EcoRl restriction site at their

5" or 3 extremity, respectively, to allow cloning in pGEX-
2T. Then, the procedure used to purify the actin-binding
domains was identical to the one used for the L-plastin
preparation. After thrombin digestion, the ABDs were
dialyzed against 100 mM NacCl, 0.2 mM CaCand 20 mM
MOPS (pH 7.1) (buffer C) and analyzed by 10% SbS
PAGE after Coomassie Blue staining as well as Western
blotting (Figure 1b).

Plastin biotinylation was performed as described previ-
ously 33). Plastin labeling with FITC was carried out by
incubating the reagent (protein/reagent molar ratio of 1/3)
dissolved inN,N-dimethylformamide with the protein previ-
ously dialyzed against 100 mM KHGOpH 8.3). Excess
reagent was removed using filtration over a PD-10 column
equilibrated in buffer B supplemented with 300 mM NacCl.

Immunological Technique$hree populations of antibod-

Lebart et al.

A (for protein binding), buffer B (for peptide binding), or
PBS (for antibody binding). All buffers were supplemented
with 0.5% gelatin, 3% gelatin hydrolysate, and 0.05% Tween
20 to avoid nonspecific binding. The interaction was
monitored at 405 nm using alkaline phosphatase-labeled anti-
Ig antibody (1/2000) and streptavidin (1/1000) for antibody
testing and all other experiments, respectively. Control assays
were carried out in wells saturated with gelatin and gelatin
hydrolysate only. Each assay was conducted in triplicate,
and the mean value was plotted after subtraction of the
nonspecific absorption. The binding parameters [apparent
dissociation constari{y and the maximum bindingAqnay)]
were determined by nonlinearly fitting
A= ALKy + [L]) (1)
whereA is the absorbance at 405 nm and [L] is the ligand
concentration by using the CURVE FIT software developed
by K. Raner Software (Victoria, Australia). Additional details
are given in the figure legends.

Fluorescence MeasurementsSluorescence experiments
were conducted using an LS 50 Perkin-Elmer luminescence
spectrometer. The intrinsic fluorescence of tryptophan was
obtained in buffer B at 20C. The excitation wavelength
was set at 280 nm, and emission spectra were recorded
between 320 and 360 nm. Spectra for AEDANS-labeled
monomeric actin or peptides, using buffer A or buffer B,
respectively, were obtained with the excitation wavelength
set at 340 nm and emission spectra recorded between 440
and 520 nm. Spectra for FITC-labeled plastin were obtained
with the excitation wavelength set at 480 nm and emission
spectra recorded between 500 and 550 nm. Fluorescence
changes were deduced from the area of emission spectra.
Mean values for at least four measurements were reported
versus ligand concentrations. Parameters, app&tgand
Fmax (Maximum fluorescence), were calculated in the same
way as in the ELISA (eq 1), assuming a stoichiometry of 1.
Depolymerization of pyrenyl F-actin was followed by a
decrease in pyrene fluorescence (excitation at 365 nm and
emission at 390 nm) after a quick dilution in depolymerizing
buffer.

Cross-Linking Reaction&-Actin (290ug/mL) and plastin

ies directed against peptides chosen in the N-terminal domaindomains (actin/ABD molar ratio of 2/1 or 1/1) were

and in ABD1 of the L-isoform as well as one chosen in
ABD?2 of T-plastin were elicited in New Zealand rabbits as
previously described3d). As expected, the anti-ABD1 and
anti-ABD2 antibodies were shown not to be specific for the
fimbrin isoform in contrast to the Njterminal specific
antibody @). Each antibody was purified by affinity chomatog-
raphy on the related peptide as the immunoadsort85)t (
An ELISA was used to test the affinity of the antibodies
for the purified protein, to monitor the interaction between
actin isoforms/peptides and biotinylated L-plastin (or ABD),
and to investigate the effect of phosphoinositides on the
actin—L-plastin interaction, as described by Lebart and
colleagues Z7). Actin, diluted in a 50 mM NaHC@Na,-
CO; mixture (pH 9.5), was immobilized on microtiter wells
under nonpolymerizing conditions (300 ng/mL) for mono-
meric actin and at 5Q:g/mL for filamentous actin. All
incubations were followed by a washing step to eliminate
excessive material. Assays were carried out & buffer

incubated in buffer C supplemented with 2 mM MgCrThe
complexes were cross-linked with 10 mM EDC/NHS, 1 mM
EEDQ [N-(ethoxycarbonyl)-2-ethoxy-1,2-dihydroquinoline],

or 0.01% glutaraldehyde (1 mM) as described previously
(36). The reactions were allowed to proceed for 50 min
(glutaraldehyde) or 60 min (EDC/NHS and EEDQ). The
cross-linked species were separated by gel electrophoresis
and further analyzed by immunodetection using both anti-
plastin domains and anti-actin antibodi&sgl)(

Analytical Methods.SDS—polyacrylamide gel electro-
phoresis (SDSPAGE) was performed using a mini Protean
Il apparatus (Bio-Rad) on 10% gels as described by Laemmli
(37). Protein concentrations were measured spectrophoto-
metrically as described previousl24). ABD1 and ABD2
fragment concentrations were determined with extinction
coefficients A2 of 0.82 and 1.3 and molecular masses of
30 and 28 kDa, respectively. Peptide solutions were quanti-
fied using amino acid analysis.
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FiGURE 2: Interaction of L-plastin with F-actin from skelelactin FIGURE 3: Interaction of L-plastin with monomeric actin assessed

and cytoplasmig-actin isoforms assessed using the fluorescence using fluorescence. The change in fluorescence emission of
assay. The change in fluorescence emission (hypochromic effect)dansylated actin (0.24tM) was observed at various plastin
of FITC plastin (2.4ug/mL) was recorded in the presence of concentrations (80.6uM) in buffer A. Fluorescence changes were
increasing amounts (0115 ug/mL) of skeletal muscled) and calculated from the area of emission spectra and expressed in
cytoplasmic @) actin. The experiment was carried out in 100 mM  arbitrary units.

KCI, 2 mM MgCl,, 1 mM EGTA, and 20 mM Tris (pH 7.4).
Fluorescence changes were calculated from the area of emission
spectra and expressed in arbitrary units. Fitting of experimental o
data points was carried out as described in Experimental Procedures. -1600 |

RESULTS -1200 +

L-Plastin Binds F-Actin without Any Isoform Specificity.
We have investigated the interaction of L-plastin with
filamentous actin using both solid phase and solution o
experiments. Using fluorescence experiments, we have ’ 0 2 4 6 8
compared the binding of FITC plastin to increasing amounts . . | [360-372] pg/ml
of skeletal muscle and non-muscle actin. Results (Figure 2) 0 5 4 6 g
show a saturable change in the fluorescence of the labeled (peptide] pg/ml

plastln (hypochrorr_uc ef_fec_:t) with no significant dlfference_ Ficure 4: Interaction of plastin with actin peptides assessed using
n the apparent dissociation constants whatever the actinggrescence. Changes in the plastin intrinsic fluorescence @12
isoform Kq = 0.26 £ 0.05 and 0.224+ 0.02 uM for mL) were monitored in the presence of increasing amounts (0
cytoplasmic and skeletal actin, respectively). This result was 9.6 ug/mL) of peptides 112125 @) and 366-372 ) in buffer
confirmed using solid phase and cosedimentation assays (noB- Fluorescence changes were calculated from the area of emission

; ; pectra and expressed in arbitrary units. Fitting of experimental
fsohrO;\I/In B)It:eorr er);sgtrli(;?é;?ssons’ skeletal actin was then useoSata points was carried out as described in Experimental Procedures.

. i . ) o The inset shows the decrease in the wavelength of the plastin
Monomeric Actin-L-Plastin Interaction and Identification ~ maximum fluorescence associated with addition of peptide-360

of Two Actin Sequencesudolved in Plastin BindingUsing 372.

fluorescence experiments, we have tested the effect of

increasing the amounts of plastin added to dansylated skeletafluorescence emission (Figure 4). Further, the addition of
actin (10ug/mL). We observed that the addition of plastin Peptide 366-372 was associated with a blue shift of 4 nm

shows a fluorescence change (hypochromic effect) that(Figure 4, inset). The binding curves obtained with the two

A Fluorescence (A.U.)
(oo}
S
lambda nm

IS
S
o
W
W
r

saturates (Figure 3). This experiment shows ihatitro peptides were shown to be nearly identical. The same
L-plastin interacts with G-actin which indicates that binding saturable effect was obtained when we measured the change
structures exist on a single actin molecule. in the fluorescence of dansylated peptide 1125 after

The second part of the study was carried out using four plastin addition. However, no change was detected when
synthetic actin peptides, chosen for their participation in dansylated peptide 36872 was used. This apparent dis-
a-actinin, filamin, or dystrophin binding2(, 29, 33, 35). crepancy may be due to the position of the label, located at
To test whether these peptides are implicated in the binding, the NH-terminal part of peptide 366372, either too far to
we performed ELISA and fluorescence experiments, using report the binding or right in the interaction site. Indeed, the
either unlabeled or labeled peptides. longer dansylated peptide of residues 33%5, labeled at

Plastin intrinsic fluorescence was monitored in fluores- the COOH-terminal extremity (C374), binds plastin (not
cence experiments after addition of increasing amounts of shown). The interaction of these peptides (including the
peptides, taking advantage of the absence of tryptophan indansylated ones) with plastin was further investigated using
sequences of residues P25 and 366372. Plastin an ELISA. Apparent dissociation constants were calculated
possesses eight tryptophan residues; the average emissiofor peptides 112125 and 366-372 and dansylated peptide
fluorescence spectrum is centered near 340 nm, a sign of &360-372: 0.75+ 0.1, 0.3+ 0.1, and 0.44+ 0.1 uM,
rather hydrophobic environment when compared to the valuerespectively. A negative control was created by the absence
of 360 nm obtained in solution. We observed that addition of binding of peptide 105120, previously shown to interact
of each peptide was responsible for a decrease in the plastirwith filamin (35).
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FiIGURE 5: Actin cross-linking proteins inhibit microfilament ~ FIGURE 6: Effect of phosphoinositides on the monomeric actin
depolymerization. (a) The depolymerization of pyrenyl actin was Plastin interaction. (a) Increasing concentrations of biotinylated
induced by a 10-fold dilution in depolymerizing buffer (buffer A) ~ Plastin (0-75ug/mL) were allowed to interact with G-actin, coated
of the actin stock freshly prepared at 309/mL (7.1uM). The under nonpolymerizing conditions (300 ng/mL). The interaction
pyrenyl F-actin depolymerization alone (solid line) and in the Was monitored at 405 nm after incubation with alkaline phos-
presence of L-plastin (dashed line) were followed by losses in Phatase-labeled streptavidin (1/1000). Other details are found in
pyrene fluorescence during an initial period (from 0 to 200 s). Note Experimental Procedures. (b) Increasing concentrations of BIR2 (
that L-plastin was previously dialyzed against low-ionic strength P! (O), and diacylglyceroll}) were preincubated with biotinylated
buffer [10 mM KCI, 1 mM EGTA, and 10 mM MOPS (pH 7.1)].  Plastin (10xg/mL) and allowed to interact with immobilized
Data are plotted as the percent fluorescence relative to the amounfOnomeric actin (300 ng/mL). Note that PIP2, Pl, and DAG were
of fluorescence at time zero. (b) The same experiment was Obtained as lyophilized powders and resuspended in distilled water;

performed witha-actinin, using buffer G as the depolymerizing 2dditionally, solutions were sonicated before they were used in
buffer. assays. The binding of labeled plastin, expressed as a percentage

of the initial binding, was monitored at 405 nm using alkaline

Depolymerization of Pyrenyl F-Actin Is Inhibited by Actin phosphatase-labeled streptavidin (1/1000).

Cross-Linking Proteinso-Actinin was previously reported Effect of Phosphoinositides in the Regulation of the
to stabilize the microfilament as shown by the inhibition of p|,ctin—Actin Interaction.The discovery of an increasing
the rate of pyrenyl F-actin depolymerizatioB8]. The  n,mher of proteins whose interactions with actin are
participation of the two actin sequences, namely, peptides o jated by phosphoinositides, particularly in thactinin
112-125 and 366-372, previously implicated io-actinin — amily led us to evaluate the influence of such phospholipids
binding €7, 29) and their orientation (position) in the actin 4 plastin-actin association. This was performed using solid
molecule led us to wonder about an eventual stabilization phase immunoassays in which the binding of a constant
of the filament by lateral binding of L-plastin to two actin - amount of labeled plastin to immobilized monomeric actin
molecules. To test this hypothesis, we followed the depo- was followed in the presence of increasing amounts of
lymerization of pyrenyl actin induced by a quick 10-fold phospholipids (Figure 6). To set up this experiment, we have
dilution of filamentous actin (302g/mL) in the absence or  jnvestigated L-plastin binding with G-actin using the same
presence of L-plastin (actin/plastin molar ratio of 1/1). The technique to determine the concentration of plastin to use
result (Figure 5a) shows that L-plastin decreases the initial for the competition assay. The result (Figure 6A) shows that
rate of actin depolymerization. This effect appeared to be plastin interacts with G-actin with an apparent dissociation
even more important than the one observed witactinin constant of 0.25 0.04uM. The competition assay was then
(Figure 5B). This result can be attributed to the stabilization performed using 1@g/mL L-plastin. We found (Figure 6B)

of the filaments by ABP, althought we cannot rule out the that in the presence of PIP2, and to a smaller extent PI, the
eventuality of a decrease in the critical concentration. Note level of actin-L-plastin interaction decreased regularly. The
that we have also investigated the effect of L-plastin on actin observed inhibitory effect reaches 50% for &gfmL PIP,
pyrene polymerization and did not find any significant a concentration generally used for dissociation of the actin
modification of the polymerization process due to the ABP complex 89). In contrast, diacylglycerol did not display
presence of the ABP (not shown). such an effect.
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Ficure 7: ABD1 and ABD2 display different affinities for actin.
The binding of actin-binding domains was performed using an
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(®) or ABD2 (O), diluted in buffer C, were allowed to interact
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and glutaraldehyde. Using ABD2, we found that EDC was
able to generate a major covalent product with an apparent
molecular mass of 67 kDa with actin (Figure 8a). The double
reactivity of this product with the anti-ABD2 and anti-actin
antibodies (Figure 8b) associated with its molecular mass
suggests that it likely corresponds to a 1/1 complex. The
EEDQ or glutaraldehyde treatment yielded the same product
in a minor quantity (not shown). Under the same conditions,
no detectable covalent products were obtained with ABD1
(Figure 8A), whatever the cross-linker reagent. The different
behavior of these cross-linker reagents demonstrates that
ABD1 and ABD2 are highly susceptible to displaying
different interfaces with actin.

We tested the effect of the two isolated domains on the
initial rate of actin depolymerization. Using conditons
identical to those used with the whole plastin molecule, we
observed that ABD1 strongly reduces the initial rate of actin

with coated F-actin. See Experimental Procedures for details. The epolymerization (Figure 9a). On the other hand, the

binding of labeled ABDs (percentage) was calculated from the

absorbance at 405 nm after addition of alkaline phosphatase-
conjugated streptavidin (1/1000). Apparent dissociation constants

were calculated to be 0.3% 0.04 and 2.6+ 0.3 uM for ABD1
and ABD2, respectively.

As a result, the interaction of L-plastin with actin looks
very similar to that ofo-actinin. However, the presence of
two actin-binding domains on the L-plastin molecule led us
to further investigate the functionality and the equivalence
of the two ABDs.

Functionality and Difference in the Way the Two ABDs
Interact with Actin.The functional aspect was investigated

presence of ABD2 was responsible for an immediate and
complete quenching of the fluorescence emission of pyrenyl
actin (probably due to conformational changes in the actin
molecule), impeding any interpretation concerning an even-
tual role of this domain in the initial rate of actin depolym-
erization. Using depolymerizing conditions, sedimentation
of filamentous actin in the presence of each domain finally
allowed us to investigate the role of ABD2 in microfilament
stability. Indeed, after incubation of actin alone for 24 h,
actin with ABD1, and actin with ABD2 under depolymer-
izing conditions and ultracentrifugation at 300@00ve
observed (Figure 9b) that 87% of the actin remains in the

using solid phase and solution experiments performed with pellet in the presence of ABD2 as compared to 22% obtained

recombinant domains (Figure 1b). Using an ELISA, we

with ABD1 and 4% with actin alone. This result indicates

observed that both isolated domains were able to interactthat both domains protect actin from depolymerization

with immobilized actin (Figure 7) and that ABD1 binds actin
with a higher affinity than does ABD2. The same result was
observed for both F- and G-actin (not shown). Single
domains were shown to bind actin peptides 4125 and
360-372 without a significant difference (not shown).

The difference in the way the two ABDs bind actin was
further investigated using cross-linking experiments followed

by gel electrophoresis analysis associated with immunode-

though ABD2 appears to be more efficient than ABD1 in
this role.

DISCUSSION

This study was undertaken in an effort to better understand
the L-plastin-actin interaction. Indeed, the very low yield
of the plastin preparation has first hampered detailed

tection (Figure 8). For this purpose, we tested three different biochemical characterization of the L-plastiactin interac-

reagents, two zero-length cross-linkers, 1-ethyl-3-[3-(di-
methylamino)propyl]carbodiimide (EDC), the hydrophobic
N-(ethoxycarbonyl)-2-ethoxy-1,2-dihydroquinoline (EEDQ),

a 0 510153060PM

i

!
i
]

—
bt el ol il

—

A — - —

F+ ABDI F+ABD2

tion (17, 18). With the development of molecular tools, a
recombinant protein has often been used to overcome the
low yield of the fimbrin preparation. In the case of L-plastin,

b

ABD2 act

Ficure 8: Cross-linking patterns of ABDs with EDC/NHS. The cross-linking reactions (after 0, 5, 10, 15, 30, and 60 min) were carried
out as specified in Experimental Procedures. SBPBGE was performed on a 10% acrylamide gel and then stained with Coomassie blue
(a). Molecular mass markers are indicated (97, 66, 45, and 33 kDa). Identification of ABD2 (ABD2) and actin (act) in the EDC/NHS-
cross-linked products after immunodetection using anti-ABD2 (@#&nL) and anti-actin (2:g/mL) antibodies, respectively (b). Actin
polymer species (115 kDa) are denoted with arrowheads, and the majotr ABIDR cross-linked product is denoted with an arrow. Note
that, when loaded at equivalent concentrations, ABD1 staining with Coomassie blue is fainter than that observed with ABD2.
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Ficure 9: Influence of actin-binding domains on actin depolym-
erization induced by rapid dilution. In panel a, the initial rate of
pyrenyl F-actin depolymerization was monitored using an experi-
mental procedure similar to that described in the legend of Figure
5. Filamentous actin, diluted 10-fold in buffer G, was allowed to
depolymerize alone (solid line), with ABD1 (dashed line), or with
ABD?2 (dotted line). Both domains (previously dialyzed against low-
ionic strength buffer) were used at an actin/ABD molar ratio of
1/1. (b) F-Actin content was assayed after incubation for 24 h by
high-speed centrifugation. Filamentous actin alone (O lane

F), actin with 0.7uM ABD1 (F + ABD1), or actin with 0.7uM
ABD2 (F + ABD2) was incubated in buffer G for 24 h at°€,

and then sedimented for 30 min at 300900sing a TL120
ultracentrifuge. The supernatants and pellets were separated b
SDS-PAGE (12.5%). The gel was scanned, and the amount of

polymerized actin was calculated using a known actin amount as a

control. The experiment was repeated< 4). Shown in the figure
is the percentage of polymerized actisstandard deviation) present
under each condition, in a representative experiment.

the actin bundling activity of the recombinant ABP was
validated using electron microsco82j. The work presented

Lebart et al.

365 between the skeletal-actin and cytoplasmig-actin
isoforms). In agreement with the implication of actin residues
112-125 is the fact that mutation of amino acid 120
abolishes plastin binding40). The notion of highly con-
served interfaces was previously noted by Honts and co-
workers in their study of yeast suppressor mutatioty. (
The residues presented as the most susceptible to forming a
binding surface by structural analysi2g] are also highly
conserved between skeletelactin and cytoplasmig-actin
with the exception of one residue in the htérminal part
(Thr6), which strengthens the idea of conserved interfaces
for binding of both actin isoforms to L-plastin. Taken
together, these results contrast with the finding that only
cytoplasmicf-actin would bind L-plastin 7). We should
mention that skeletad-actin has been reported to interact
with chicken fimbrin @2), the human T-plastin2d), and
more recentlyTetrahymena pyriformidimbrin (43) and
AtFim1 from A. thaliana(44).

The concept of lateral binding concerning this family of
proteins appeared as a result of a molecular modeling
experiment performed on a complex of theactinin actin-
binding domain and filamentous acti#5). Then, Haneiret
al. (25) proposed a model in which the first 375 amino acids
of fimbrin (T-plastin) interacted with F-actin, and finally,
Volkmannet al. (26) recently generated an atomic model of
the complete fimbiractin—actin cross-link. In all these
studies, the ABP interacts between two actin monomers. It
is important to mention here that the molecular modeling
approach combines information from biochemical data,
atomic coordinates, and density maps from electron cryo-
microscopy. This strengthens the necessity of integrating
knowledge from both origins. The notion of lateral binding
is in agreement with the protection brought by L-plastin
against depolymerization of the microfilament. The idea of
stabilization of the filament (without a direct demonstration)
was introduced by Karpowt al. (40), confirmed by Belmont
et al. (46), and further supported by Cherg al. (47), all
working on yeast. More recently, the notion of protection
against microfilament depolymerization induced by profilin
was demonstrated with. thalianafimbrin (44). In our case,
the result of protection against depolymerization was ob-
served in both short and long experiments, using L-plastin

Yand further confirmed with isolated domains. We should

mention that plastin/fimbrins are not the only bundling
proteins to protect filaments from disassembly since a protein
from Dictyostelium(30 kDa) was found to have the same
role (48).

We have identified two sequences of actin subdomain 1
involved in plastin binding, namely, peptides HP25 (a
complete helical region in the actin structure) and-3802,

here illustrates the similitudes that exist between L-plastin that are consistent with the concept of lateral binding.
and a-actinin’s interfaces with actin, and for the first time Circular dichroism measurements have revealed a strong
demonstrates using biochemical techniques that both actin-propensity for adopting helical structure in the case of peptide
binding domains (ABDs) of the molecule are functional and 112—125 49), whereas peptide 36(B72 appeared to be
nonequivalent in terms of affinity and interfaces toward actin. randomly structured. Since-actinin was found to interact
The plastir-actin interaction was not found to be sensitive with the same sequencex/( 29), the plastir-actin interface
to the actin isoform as demonstrated by the use of two could resemble that af-actinin and actin, in agreement with
differento-skeletal and cytoplasmic actin isoforms in solid previous speculatior2d, 50). This conclusion is confirmed
phase assays and cosedimentation assays (not shown). Thisy the absence of binding of both plastin améhctinin to
finding is consistent with the participation of the two highly peptide 105120, which interacts with filamin27, 35).
conserved sequences, namely, peptides-1P% and 366 Additional interactions on the actin surface, such as amino
372, in the binding (only one amino acid change at position acids 99 and 100, may allow specific recognition of plastin
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D1 contacts actin
nce 112-125

. Actin filament (7 monomers)

B  ABDI (according to Hanein et al., 1998) [] Sequence 112-125
. Sequence 360-372

ABD2

Ficure 10: Summary of the plastiractin contacts on the actin filament. The atomic model of F-actin (seven monomers) was borrowed
from Lorenzet al. (58). The spatial relationship between the filaments and ABD1 was taken from the atomic model of theA&ddih

complex and kindly provided by Haneet al. (25). The positioning of the second actin filament (left side of the figure) was obtained by

a translatory movement of 12 nm, keeping the filaments in register, as demonstrated by Vokinan{26). The spatial relationship
between the filaments and ABD2 (drawn as a sphere equal in size to ABD1) was also taken from the proposed model of #olkimann

(26). Contacts between actin sequences identified in this study (colored yellow and green, for pepticEa51dr2d 366-372, respectively)

and the two actin-binding domains are depicted with dashed lines, thick or narrow according to the relative importance of the contact. Note
that in this model, the contact zone(s) of the ABD2 appears at the back of the actin filament (left side). The sequence of events would be
as follows: (1) the interaction of ABD1 with actin residues #1125 and probably residues 36872 after a conformational change in the
COOH-terminal region of actin upon ABD1 binding4) (not visible in this model) and (2) ABD2 contacting actin residues-38I2 and

probably residues 132125 on the neighboring filament. Note that the movement on subdomain 1 of actin upon ABD1 binding would
decrease the distance«8 A) between actin and the actin-binding domain and make possible the contact. The figure, showing molecular
surfaces, was generated using Swiss Pdb Viewer.

(41). Note that the molecular model of Hanein and co- 0.4 uM) (52, 53). We have used this capacity for vitro
workers proposes the participation of other segments of theinteraction in this experiment to facilitate the interpretation.

actin molecule, in particular, amino acids-248 and 41 25), With regard to the observed effect of phosphoinositides, it
while a similar approach applied to the-actinin—actin is very similar to what was previously observed éeactinin
interface identifies only two zones of interaction, namely, (54), filamin (55), and dystrophing6). PIP2 binding sites
peptides 86-117 and 356-375 @5). were proposed on the surface of the ABBG)( Our

We have observed an inhibitory effect of phosphoinositides observation strengthens the idea of a protein family with
(~50% inhibition with PIP2) on the interaction between sequence similarity, which interacts with overlapping inter-
G-actin and L-plastin. This experiment introduces the notion faces on actin and also shares a common regulation mech-
of G-actin binding for a bundling protein and questions about anism.
the rather high apparent dissociation constant that was found. The functionality and the equivalence of the two actin-
In fact, plastin is not the only bundling protein that is able binding domains were investigated in an effort to better
to interact with G-actin, since similar capacities were found understand the mechanism of binding of plastin to actin. As
for ABP50 from Dictyosteliumand a-actinin 29, 51, 52). a result, both isolated domains were shown to be functional,
In the latter case, calculated apparent dissociation constantsvith ABD1 having a significantly higher affinity for actin
for both G- and F-actin were found in the same range<{0.3 than ABD2. Interestingly, both domains seem to have
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different interfaces with actin as revealed by cross-linkihg ACKNOWLEDGMENT
experiments and protection against microfilament depolym-
erization. The different mode of interfacing with the actin
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