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Abstract: Gelsolin is a protein that severs and caps actin filaments. The two activities are located in the N-
terminal half of the gelsolin molecules. Severing and subsequent capping requires the binding of domains 2
and 3 (S2-3) to the side of the filaments to position the N-terminal domain 1 (S1) at the barbed end of actin
(actin subdomains 1 and 3). The results provide a structural basis for the gelsolin capping mechanism. The
effects of a synthetic peptide derived from the sequence of a binding site located in gelsolin S2 on actin
properties have been studied. CD and IR spectra indicate that this peptide presented a secondary structure in
solution which would be similar to that expected for the native full length gelsolin molecule. The binding of
the synthetic peptide induces conformational changes in actin subdomain 1 and actin oligomerization. An
increase in the polymerization rate was observed, which could be attributed to a nucleation kinetics effect.
The combined effects of two gelsolin fragments, the synthetic peptide derived from an S2 sequence and the
purified segment 1 (S1), were also investigated as a molecule model. The two fragments induced nucleation
enhancement and inhibited actin depolymerization, two characteristic properties of capping. In conclusion,
for the first time it is reported that the binding of a small synthetic fragment is sufficient to promote efficient
capping by S1 at the barbed end of actin filaments. © 1998 European Peptide Society and John Wiley & Sons,

Ltd.
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INTRODUCTION

The cytoskeleton is organized dynamically and can
quickly rearrange itself in response to extracellular
signals. Actin microfilaments are major components
of this network and essential to cell motility, cellular
secretion and macromolecular intracellular move-
ments. The formation of stable actin polymers and
their rearrangement are thus implicated in many
cellular processes. Microfilament remodelling
occurs as a result of actin polymerization and
depolymerization. Numerous studies have shown
the part played by individual proteins in modulating



these transformations. Capping proteins play an
important role because of their activity in the vicinity
of cellular membranes or Z lines in muscular cells.
The study of Nachmias et al. [1] illustrates this
activity in vivo, showing the involvement of capZ
during platelet activation: capZ translocation is
observed when new barbed ends appear following
the uncapping of the existing filaments. Most cap-
ping proteins bind actin filaments at the barbed end
and enhance the nucleation step during actin
polymerization [2]. Proteins of the gelsolin family
are unique in being able both to sever and to cap
actin filaments [3, 4]. Gelsolin implication in vivo is
illustrated in experiments conducted by Cunning-
ham et al. [5] in which gelsolin overexpression in
fibroblasts leads to enhanced cell motility. The
studies of Watts [6] on the association of gelsolin
with F-actin in polymorphonuclear leucocytes also
suggest a role for gelsolin in the formation and
regulation of short cytoplasmic filaments.

Gelsolin binds to both monomeric and filamen-
tous actin and is composed of six homologous
domains called S1-6 [7]. The N-terminal half of
gelsolin is necessary for capping and severing, in
particular the S1-2 domains, whereas the C-term-
inal half is concerned with calcium regulation [8, 9].
Domain 1 interacts with monomeric actin, inhibiting
actin polymerization [10], and also binds to the end
of actin filaments [11, 12]. Domain 2, in contrast,
interacts preferentially with F-actin, its interface
being located on the side of the microfilaments [3,
13, 14]. Interaction across the filament axis has also
been postulated [15].

According to the model recently described [12, 13,
16], the key steps in severing and capping are: first,
the binding of domain 2 to the filament, followed by
interaction of domain 1 with two adjacent actin
monomers along the filament axis, correlated with
dissociation of at least the two actin monomers,
leading to severing. The gelsolin that remains bound
forms a stable cap at the barbed end of the released
filament [13].

We attempt to show how domains 1 and 2 are
involved in the process, in order to provide a
structural basis for the gelsolin-induced capping
mechanism. Since the first kinetic step would
include the binding of domain 2 to actin [13, 16], a
peptide covering one binding site in this gelsolin
domain was synthesized and its structural and
functional properties were studied. Furthermore,
as domains 1 and 2 appear to act in conjunction
one with another in the capping process, the
combined effect on actin polymerization of the
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synthetic peptide derived from domain 2 and the
purified domain 1 was studied as a model. Judging
from the nucleation enhancement and the inhibition
of actin depolymerization, two characteristic proper-
ties of capping proteins, we conclude that this
combination can efficiently cap actin filaments in
the same way as gelsolin, although with a lower
activity.

MATERIAL AND METHODS

Proteins and Peptides

Rabbit skeletal muscle actin was isolated from
acetone powder [17]. Actin was labelled at Cys 374
using 1.5-I-AEDANS [18] or pyrenyl iodoacetamide
[19]. Bovine plasma gelsolin was purified as de-
scribed by Soua et al. [20]. Domain 1 was obtained
by chymotryptic cleavage of gelsolin and purified as
previously described [21]. CapZ was purified from
fish muscle (unpublished data).

Synthetic peptide derived from sequence 159-174
of gelsolin (peptide 159-174) was prepared from
Fmoc-L-Lys (biotin)-Pal-PEG-PS resin with a 9050
Milligen PepSynthesizer (Millipore, UK) according to
the Fmoc/tBu system. The crude peptide was
deprotected and released by conventional TFA
treatment as the C-terminal Lys(biotin)-amide deri-
vative and thoroughly purified by preparative
reverse-phase  HPLC. The purified peptide was
shown to be homogeneous by analytical HPLC:
retention time=10.8 min, on Aquapore RP 300
column, C8, 7 um, 220 x 4.6 mm (Brownlee Lab.,
Applied Biosystems, San Jose, CA, USA) eluted with
a linear gradient of acetonitrile in TFA 0.1%, 0-40%
for 15 min (1.5 ml/min). The electrospray mass
spectrum, carried out in the positive ion mode using
a Trio 2000 VG Biotech Mass spectrometer (Altrinc-
ham, UK), was in line with the expected structure
(MH" at M/z=2264.2 + 0.9; theoretical 2265).

Peptide 159-174 was labelled at the amino
groups with 7-chloro-4-nitroso-2-oxo-1.3 diazole
(NbdCI) [21]. Excess reagent was eliminated by
sieving through a Biogel P2 column.

Molecular weight was determined on HPLC using
a Bio-Rad TSK 250 column (Bio-Rad Laboratories)
equilibrated with 0.1 M Tris buffer, pH 7.5.

Actin solution viscosities were measured with a
0.5 ml Ostwald viscometer (outflow time =120 s for
water) at 20°C in 2 mM Tris, 0.1 mM ATP, 0.1 mM
CaCl, buffer pH 7.5. Relative viscosities were
determined as the ratio of the sample flow time to
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that of the reference and specific viscosities as
relative viscosity minus 1.

The 159-174 sequence was modelled using the
Swiss-model automated protein modelling server.
The basic programs used to generate the homolo-
gous model need sequence alignments and the
known 3D structure of a related protein. In our
case, the structure of severin determined by RMN
was used [22]. Building of the model was performed
using ProMod methods [23] and refined by energy
minimization (CHARMm program) [24].

Protein concentrations were determined by UV
absorbance [25].

Immunological Techniques

ELISA, previously described in detail [26], was used
to monitor interaction between biotinylated peptides
and coated actin. Actin in 50 mM NaHCO3/Nay,COs,
pH 9.5, was immobilized on plastic microtitre wells.
The plastic was then saturated with 0.5% gelatin/
3% gelatin hydrolysate in 140 mM NaCl/50 mm Tris
buffer, pH 7.5. Binding was monitored at 405 nm
using alkaline phosphatase-labelled streptavidin
(dilution 1/1000). Control assays were carried out
in wells saturated with gelatin and gelatin hydro-
lysate used alone. Each assay was conducted in
triplicate and the mean value plotted after subtrac-
tion of non-specific absorption. Additional details on
the different experimental conditions are given in the
figure legends.

Fluorescence Measurements

Fluorescence experiments were conducted using an
LS 50 Perkin-Elmer luminescence spectrometer.
Intrinsic fluorescence spectra were obtained for
actin in 2 mM Tris, 0.1 mm ATP, 0.1 mM CaCl,, pH
7.5, at 25°C. The excitation wavelength was set at
290 nm and the emission spectrum recorded be-
tween 310 and 400 nm. Spectra for dansylated actin
were obtained in the same conditions, with the
excitation wavelength set at 340 nm. Fluorescence
changes were deduced from the area of the emission
spectra.

Nbd-labelled peptide was incubated in 2 mMm Tris
buffer, pH 7.5, containing 0.2 mMm CaCl,, 0.1 mm
ATP, 2 mM MgCl, and 0.1 M KCI at 25°C and the
change in fluorescence polarization monitored after
addition of increasing concentrations of F-actin.
Excitation and emission wavelengths were set at
476 and 530 nm respectively. The fluorescence
polarization of dansylated G-actin in the presence
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of synthetic peptide 159-174 was also determined,
with the excitation and emission wavelengths set at
340 and 500 nm respectively.

Fourier Transform IR Measurements

Fourier transform IR spectra were recorded using an
IFS 28 Bruker spectrometer. Samples were placed in
a horizontal ATR plate and the spectra recorded at
room temperature. The peptide was analysed at a
concentration of 5 mg/ml in 10 mM phosphate
buffer, pH 7.5. Five hundred scans were accumu-
lated in the 1800-1500 cm ™' range. The Bruker
OPUS/IR 2 program was used for spectrum analysis
(second derivative and deconvolution).

Circular Dichroism Measurements

CD spectra were obtained using a Jobin Yvon Mark
V dichrograph and 0.1 cm pathlength quartz cells.
Data were collected within the 190-260 nm wave-
length range. Four scans of each sample were
accumulated.

Actin Polymerization

Actin polymerization was monitored by fluorescence.
Fluorescence enhancement of pyrenyl-actin was
used as an indicator of actin polymerization [27].
Excitation and emission wavelengths for pyrenyl-
actin were set at 365 and 386 nm respectively.
Polymerization of actin in 2 mM Tris, 0.2 mMm CaCl,,
0.1 mM ATP buffer, pH 7.5, was induced by adding
2 mM MgCl, and 0.1 M KCI.

159 174
sequence INEVWVORLFOVKGRRVVRATEVEVS
prH 00000010000000000000000000
prE 00255668888631247888887730
prL 99643220001268751111111259
prediction IL....EEEEEE.LL . EEEEEEEE. L

Figure 1 Secondary structure prediction for peptide 159-
174. Prediction was obtained by using the PHD method (see
Material and Methods). PrH, prE and prL are the prob-
abilities for assigning helix, strand and loop respectively.
The probabilities are on a scale of 0-9. Prediction for
all residues with an expected average accuracy > 82%.
*.” means that no prediction is made for the residue.
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RESULTS

Sequence Involved in the Side Binding of Gelsolin

The N-terminal part of gelsolin domain 2 is directly
involved in the actin-gelsolin interface, judging from
results obtained previously [12, 28]. One of the
phosphoinositide regulation sites on gelsolin is
located in subdomain 2. A synthetic peptide based
on the sequence of this site, including residues 150-
169 [28], interacted not only with inositol phos-
phates but also with actin. The properties of gelsolin
fragments obtained by deletional mutagenesis [12]
suggested a more precise location for the actin
binding site within sequence 161-173. The latter
result prompted us to synthesize the corresponding
peptide of sequence 159-174 (Figure 1).
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The interaction of the derived synthetic peptide
(sequence 159-174) was tested with actin and
monitored by ELISA. The binding of the synthetic
biotinylated peptide to coated F-actin was revealed
with alkaline phosphatase-labelled streptavidin. The
results of ELISA experiments presented in Figure 2
show that the peptide interacts with filamentous
actin with an apparent Ky of 4 uM. This was
confirmed in solution using fluorescence polariza-
tion. The peptide was labelled with NbdCl and
incubated in the presence of increasing F-actin
concentrations. As shown in the Figure 2 inset,
enhanced fluorescence polarization was observed.
The saturation curve observed suggests a specific
interaction of the peptide with actin. Interaction with
a non-related protein (creatine kinase) was also
reported as a negative control (Figure 2).
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Figure 2 Interaction of actin with the synthetic peptide 159-174. Binding of the peptide (0-10 ug/ml) to coated F-actin O was
monitored by ELISA. An experiment with coated creatine kinase ® was performed as a control of specificity. The interaction
was monitored at 405 nm. Inset: binding of the peptide to F-actin was monitored in solution by using fluorescence
polarization. The peptide labelled with NbdCl (20 pg/ml) was incubated with increasing concentrations of F-actin (0-1 mg/ml)
and the variation in fluorescence polarization plotted versus F-actin concentration.
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Structural Properties of the Synthetic Peptide

The N-terminal sequence of domain 2 including the
synthetic peptide (sequence 159-174) belongs to one
of the conserved regions in gelsolin and presents
sequence similarities with related proteins such as
villin [29]. The PHD (Profile Network Prediction
Heidelberg) method developed by Rost and Sander
[30-32] was applied to this gelsolin region (sequence
154-179), giving the data reported in Figure 1. These
suggest that the sequence adopts both extended and
loop conformations. A three-dimensional model can
also be generated using the Swiss-model computa-
tion service (see Material and Methods). The calcula-
tion is based on the sequential similarities between
subdomain 2 of gelsolin and that of severin, the
structure of which has been determined by NMR
[22]. The proposed model (Figure 3) shows the
presence in this region of two antiparallel extended
sequences connected through a loop and stabilized
by hydrogen bonds.

Finally, the conformation of the synthetic peptide
was checked in aqueous solution (10 mMm phosphate,
PH 7.5). The secondary structure was studied by
Fourier transform IR. Spectral bands in the amide 1
region associated with definite structures were
resolved by spectral deconvolution. The IR spectrum

C-terminal i - N

N- terminal '

of the peptide is characterized by the presence of two
major bands at 1628 and 1662 cm ™' (Figure 4(A)).
While the 1628 cm~! associated with the
1685 cm~ ' band suggests the presence of an
antiparallel beta sheet structure, the origin of the
1662 cm~ ! band is less clear [33]. The presence of a
turn conformation, however, cannot be ruled out.
The CD spectrum (Figure 4(B)) with a single positive
band at 204 nm does not correspond to any well-
defined conformation, but could account for the
presence of a loop structure [34]

Enhancement of Actin Polymerization by Peptide
159-174

The time course for actin polymerization (in 2 mm
Tris, 0.2 mM CaCl,, 0.1 mM ATP buffer, pH 7.5)
induced by 2 mm MgCl, and 0.1 M KCI was studied
in the presence of various concentrations of peptide
159-174. F-actin formation was monitored from the
fluorescence changes in the pyrenyl fluorophore
coupled to actin. As shown in Figure 5(A), the
polymerization rate was enhanced in the presence
of the peptide, although the extent of polymerization,
measured at the end point of the reaction (after at
least 24 h) was not greatly altered. Experiments
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Figure 3 Conformation model of the sequence 161-174. Building of the model was performed using the Swiss-model
automatic protein modelling server (see Material and Methods). The potential hydrogen bonds are indicated by broken lines.

Inset: Ramachandran plot.
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Figure 4 Structure of the synthetic peptide 159-174. (A) IR
Fourier transform spectrum. Amide I region of the IR
spectrum was observed in 10 mMm phosphate, pH 7.5 (—).
The corresponding deconvoluted spectra are indicated by
broken lines. (B) CD spectrum of the synthetic peptide was
observed between 190 and 250 nm in 10 nM phosphate
buffer, pH 7.5.

using different concentrations of actin showed only
slightly enhanced fluorescence (less than 20%)
(Figure 5(B))

Thus, the increased polymerization rate could be
related to different changes such as in the elongation
rate and/or in the first kinetic steps (nucleus
formation and cation exchange kinetics). To distin-
guish between these possibilities, polymerization
from preformed actin nuclei was studied. G-actin
was incubated with a small amount of gelsolin
(gelsolin : actin molar ratio 1/20) and polymerization
induced by salts. As shown in Figure 6, the presence
of the peptide did not modify the time course for
polymerization. The effect of the peptide on pre-
formed actin filaments was also investigated. Only a
very slight modification to the initial rate of actin
depolymerization was observed when the peptide
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Figure 5 Synthetic peptide-induced enhancement of pyr-
enyl-actin polymerization by salts, followed by fluorometry.
(A) Effect of the peptide on the early steps of actin
polymerization. Actin polymerization (400 pg/ml) alone @
or in the presence of the synthetic peptide at 10 ug/ml O,
16 pg/ml M and 40 ug/ml [] was monitored versus time. (B)
Effect of the peptide on the end point of actin polymeriza-
tion. Actin alone @, actin + peptide at 16 pyg/ml O.

was present (under 15% at high peptide concentra-
tions, i.e. above 50 pg/ml; Figure 6). These results
demonstrate that the effect on polymerization ob-
served in the presence of the peptide can essentially
be attributed to an increase in the nucleus formation
rate.

A correlation between modifications in the actin
polymerization kinetics and possible conformational
changes induced by synthetic peptide 159-174 was
also considered. The effect of the peptide 159-174
added at various concentrations (in the range
reported in Figure 5(A)) on the fluorescence proper-
ties of an extrinsic chromophore (AEDANS) linked to
actin cys 374 was therefore studied. As shown in
Table 1, which reports a typical experiment, an
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Figure 6 Effect of peptide 159-174 on actin association kinetics. The effect of the peptide on actin filament depolymerization.
The fluorescence of pyrenyl-actin is plotted versus time. Actin filaments were diluted to 25 yg/ml at time O in the presence of
the peptide at 0 O, 20 B and 50 ug/ml (. Inset, effect of the peptide on the elongation step. Progress curves show pyrenyl-actin
(400 ug/ml) polymerization induced by 2 mm MgCl, and 0.1 M KCl in the presence of both gelsolin (20 ug/ml) and the peptide

at 0 O and 40 pg/ml.

increase in dansyl fluorescence coupled to a slight
red shift was observed upon peptide binding. Similar
results were obtained with both G- and F-actins.
Furthermore, a decrease in the fluorescence of
buried tryptophans located in subdomain 1 of
unlabelled actin was also observed. These spectral
perturbations can be ascribed to environmental
modifications around the chromophores, arising
from probable changes of actin conformation.
Further studies indicate a significant rise of
dansylated actin fluorescence polarization upon

addition of the peptide (Table 1). This can be
explained by changes in the dansyl environment
induced by peptide binding and/or by an increase in
molecular weight linked to the formation of actin
oligomers. The latter interpretation was corrobo-
rated by two additional direct approaches.

Firstly, the peptide increased the viscosity of
a G-actin solution, which was measured with an
Oswald microviscosimeter. Specific viscosities were
0.07 £0.02 for G-actin (1 mg/ml), 0.23 +0.02 for G-
actin (1 mg/ml) + peptide 159-174 (40 pg/ml) and

Table 1
Dansylated actin Intrinsic actin tryptophans
Fluorescence Wavelength Fluorescence Fluorescence Wavelength
(arbitrary units) max. (nm) polarization (arbitrary units) max. (nm)
G-actin (60 pg/ml) 203 471 0.150 156 333
G-actin (60 pg/ml 245 466 0.170 125 332

+ peptide (43 pg/ml)

© 1998 European Peptide Society and John Wiley & Sons, Ltd.
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Figure 7 Molecular sieving of actin and actin complexed to
peptide 159-174 on a TSK 250 column. Elution time is
plotted versus logarithm of molecular weight.

1.22 £0.03 for F-actin (1 mg/ml) respectively. Such
a viscosity change in the presence of the peptide
could result from a major change in the shape of the
molecule, but in the case of actin, which has a stable
compact structure, the effect observed should rather
be attributed to oligomer formation. A similar effect
was indeed reported by Magri et al. [35] in the case of
protamine interaction.

Secondly, in addition to G-actin, some material
(about 9%) with a higher apparent Stockes radius
than G-actin was detected when the actin-peptide
complex was sieved on a TSK column (Figure 7). The
peptide can thus induce the formation, in equili-
brium with monomeric actin and at low ionic
strength (2 mm Tris, 0.2 mM CaCl,, 0.1 mm ATP
buffer, pH 7.5), of measurable amounts of actin
oligomers.

Associated Effect of Peptide and Gelsolin Domain 1
on Actin Polymerization

Several functional assays were conducted to test the
effects of peptide 159-174 and of gelsolin domain 1,
which binds specifically with the barbed end of actin
[12], on actin polymerization kinetics.

As demonstrated below, the polymerization rate
of actin was increased by the 159-174 peptide
(Figure 5(A)). Moreover, when a low domain 1
concentration (0.8 ug/ml, i.e. 50 nM) to peptide
159-174 (16 pg/ml) for actin polymerization mea-
surements, the initial lag disappeared and there was
a dramatic enhancement of the initial polymeriza-
tion rate compared with the results obtained with
the peptide alone (Figure 8(A)). This result is
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consistent with an increased nucleation rate, as
observed with many capping proteins [2]. The effect
on actin filaments was then studied with a depoly-
merization assay, to determine whether peptide
159-174 with added domain 1 caps F-actin. Actin
filaments were diluted in the presence of peptide
159-174 and domain 1 and the beginning of the
depolymerization process monitored versus time
(Figure 8(B)). The depolymerization rate was con-
siderably reduced in the presence of peptide 159-
174 and domain 1 at low concentrations (0.8-
1.6 pug/ml, i.e. 50-100 nMm). The effect of capZ (added
at 2.7 pg/ml, i.e. 40 nMm), a well-known capping
protein, is also shown for comparison (Figure 8(B)).
An estimation of the capping constant was not
attempted because the effect depends on the con-
centrations of the two coupled factors, which
apparently act in conjunction with one another.

In another experiment, actin was polymerized
overnight in the presence or absence of effectors,
and the new equilibrium estimated from the level of
pyrenyl fluorescence. As shown in Figure 8(C),
fluorescence in the presence of peptide 159-174
and gelsolin domain 1 is slightly lower than in the
presence of the peptide alone. The results obtained
with non-saturating concentrations of the two
ligands and in the presence of various actin con-
centrations (Figure 8(C)) can be explained by an
increase in the apparent critical concentration up to
about 0.5 uM. This value is slightly lower than the
critical concentration for the pointed end (0.6-
0.7 um) [36] which suggests a capping at the filament
barbed end. Two control experiments were also
performed. Domain 1 used alone at 50 nM does not
significantly modify the equilibrium (not shown). In
contrast, as reported below, peptide 159-174
changes the environment of the chromophore linked
to actin Cys 374 in actin and slightly enhances the
fluorescence of actin without modifying the apparent
critical concentration (Figure 5). Therefore, higher
nucleation rates, an increased critical concentration
and lower depolymerization rates can be explained
by a barbed capping process similar to that de-
scribed for capping proteins such as capZ [2, 37].
Peptide 159-174 derived from gelsolin domain 2
would in fact enhance the intrinsic capping property
supported by gelsolin domain 1 [11,12].

DISCUSSION

The binding of gelsolin to the end of the actin
filament, and therefore its capping effect, can be in
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Figure 8 Combined effect of the synthetic peptide 159-174 and purified gelsolin domain 1 on actin polymerization process. (A)
Time course of actin polymerization. Actin (200 ug/ml) alone @ or incubated with either domain 1 (0.8 pg/ml) [, or the
synthetic peptide (16 ug/ml) O or the two peptides at 0.8 ug/ml and 16 pg/ml respectively l. (B) Effect on actin filament
depolymerization. The fluorescence of pyrenyl-actin is plotted versus time. Actin filaments were diluted to 25 ug/ml and the
decrease in fluorescence monitored in the absence of effectors O, in the presence of domain 1 (0.8 pg/ml) @ or domain 1 and
peptide 159-174 at 0.8 ug/ml and 16 ug/ml M, at 1.6 pug/ml and 16 pug/ml ((J and at 2.0 pg/ml and 24 ug/ml A respectively.
Effect of capZ (2.7 ug/ml) was reported as a control A. (C) Effect of domain 1 in the presence of the synthetic peptide on the
end point of actin polymerization. Fluorescence of actin in the presence of the peptide (16 ug/ml) O or the peptide
(16 pug/ml) +domain 1 (0.8 ug/ml) @ is plotted versus actin concentration.

part explained by the interaction of domain 1 with
the barbed actin end [38]. The interface is located in
a cleft between actin subdomains 1 and 3 and
includes the apolar exposed face of helix 341-349
[15]. Several authors [12, 38] have demonstrated
that gelsolin domain 1 alone, purified either after
proteolytic cleavage of the native protein or as a
recombinant domain, not only sequesters actin
monomers but also binds preferentially to the end

© 1998 European Peptide Society and John Wiley & Sons, Ltd.

of actin filaments. In addition, segment 1-3, corre-
sponding to the N-terminal half of the gelsolin
molecule, severs actin filaments [10, 13, 16], which
suggets sosme cooperation between domains. Sub-
sequently, segment 1-3 efficiently caps actin [10]
and impedes any possible reassociation between
filaments. An actin site in domain 2 was previously
postulated from deletion mutagenesis experiments
[12]. It was located between residues 159-173 and

JOURNAL OF PEPTIDE SCIENCE, VOL. 4, 116-127 (1998)



overlapped the phosphoinositide phosphate site
[28]. Residues 150-169 in fact constitute a flexible
link between the two structured gelsolin domains 1
and 2 [39]. The corresponding synthetic peptide and
the same sequence in the entire molecule do not
possess a structured conformation [28]. In the
presence of TFE, or of some detergents and phos-
phoinositides, as demonstrated by Xian et al. [28],
peptide 150-169 is folded into an amphiphilic
helical structure including residues 156-166, and
a beta sheet conformation towards the C-terminus.
A coil-helix transition therefore seems to impede
interaction between the actin filament and the
gelsolin sites located in domains 1 and 2-3.

The peptide studied here (sequence 159-174)
adopts a definite conformation in solution. IR
measurements can account for antiparallel beta
structure and for the possible presence of a loop.
The experimental results are in accordance with
both the predictive methods and the putative model,
which described the conformation as two antipar-
allel strands linked by a turn, including residues
Arg-168, Arg-169 and Val-170. Model building of a
larger part of subdomain 2 including residues 161-
233 (not shown) and examination of the homologous
structural region of the severin molecule, whose
conformation is known from NMR [22], show that
peptide 159-174 is a part of the core of gelsolin
domain 2 which is composed of five strands
surrounded by an alpha helix in the C-terminal.

Peptide 159-174 binds to actin with relatively
high affinity although slightly lower than this
reported for the whole S2 domain [8]. As gelsolin
domains 1 and 2 have some common folding
features [15, 22], similar secondary structures might
possibly be involved in the binding regions. One
major interface in the N-terminal of domain 1
consists of a loop containing Phe-49 and Asp-50
[15]. The interaction of the synthetic peptide would
likewise include the turn containing residues Arg-
168, Arg-169 and Val-170 and its binding could
induce conformational changes in the actin mole-
cule. These structural changes affected at least the
environment of Cys-374 and of the two buried
tryptophans located in actin subdomain 1 [40]. A
change in the orientation of the Cys-374 upon
gelsolin binding has been, indeed, recently reported
[41]. Using three independent physicochemical ap-
proaches, i.e. fluorescence polarization, viscosity
and molecular sieving, we also observed that peptide
159-174 at low ionic strength (in the presence of
0.1 mM Ca?") induced the formation of actin oligo-
mers. A comparable effect has been also reported [7]
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for the binding of subfragments 2-3 to G-actin
although larger polymers, possibly filaments, were
produced.

Another important result is the enhancement of
the actin polymerization rate in the presence of the
peptide (Figure 5(A)), which can essentially be
explained by an increased nucleus formation, with-
out any change in the apparent critical concentra-
tion. The peptide would thus induce conformational
changes in actin molecule promoting oligomeriza-
tion. The effect on actin polymerization appears
specific as by the low effector concentration needed
(um range). In addition, other polycations were also
able to enhance polymerization. Their efficiencies
depend mainly upon their structures. So, a short
polylysine (M; 3000) is far less effective than long
chains (e.g. 87,000) [42]. In contrast, a heptapeptide
derived from cofiline (used in the millimolar range)
promotes actin nuclei formation, its efficiency being
dependent upon heptapeptide sequence [43].

The domain 2 from which the peptide 159-174 is
derived, in association with domain 1, apparently
also plays an active role in gelsolin capping [13]. The
combination of domain 1 and peptide 159-174
dramatically modifies the actin polymerization prop-
erties.

Firstly, nucleation experiments show that peptide
159-174 in the presence of gelsolin domain 1
accelerates the nucleation process more markedly
than does the peptide alone. This property is specific
to the synthetic peptide, since domain 1 does not
increase nucleation at all [38]. The nucleating
activity of segment 1-3 is subject to contradictory
reports. Bryan and Hao [44] and Chaponnier et al.
[45] reported that the amino-terminal half-fragment
obtained by gelsolin proteolysis promotes nucleation
but that the effect is less than with whole gelsolin. In
contrast, Way et al. [10], using a recombinant
fragment, did not observe any nucleating activity at
all. A further result [10] suggests, however, that
domain 2 promotes nucleation. Domains 2-6 show
evidence of nucleating activity while domains 4-6
alone do not.

Secondly, domain 1 is known to interact with the
barbed end of the actin filament [15] and it was
found that when added to peptide 159-174 it
decreased the pyrenyl fluorescence of actin poly-
merized to steady state. This was consistent with
high affinity capping at the barbed end. We observed
an increase in the apparent critical concentration,
which can be accounted for by the higher critical
concentration known to be present at the pointed
end compared with the barbed end.
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Thirdly, the pyrenyl-actin depolymerization assay
showed a greatly reduced depolymerization rate
when the two fragments were used together at low
concentrations. Inhibition was dependent on the
concentrations of each component. Depolymeriza-
tion experiments indicated that capping efficiency is
similar to that observed with capZ protein. Neither
domain 1 nor domains 2-3 cap as well as whole
gelsolin [12]. Nevertheless, the cooperative effect of
domain 1 and a peptide derived from domain 2 can
provide efficient capping.

In conclusion, this study provides some insight
into the dynamic process needed for capping activ-
ities of gelsolin. In particular, we show that small
synthetic peptides can be folded into an active
structure. Our experimental data are consistent
with the notion that both the synthetic peptide
159-174 and domain 2 of gelsolin can induce
changes in actin conformation and in the kinetics
of actin polymerization. The participation of other
actin sites in domain 2, its link with domain 1 and
the conformational effect of domain 3 appear to be
important parameters determining the properties of
the gelsolin N-terminal half.
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