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ABSTRACT. The kinetics of gelsolin interaction with actin filaments have been investigated using two
fluorescent probes, tetramethylrhodamine isothiocyanate-labeled phalloidin bound to F-adir(Zand
pyrenyliodoacetamide-labeled actin. We have also analyzed the F-actin severing by gelsolin using an
assay for actin filaments which measures the polymerization rate of monomeric actin added to the gelsolin-
severed filaments. Phalloidin-stabilized actin filaments were used in order to minimize the depolymerization
reaction and thus simplify the kinetic analysis. Because gelsolin activityds-&aivated, experiments

were conducted in the presence of 0.5 mM Ga&knsure maximal activity. We show that the interaction

of gelsolin with F-actin may be separated into two distinct kinetic phases which correspond to binding
and severing events. Using a two-step model of gelsolin activity, we have determined that gelsolin binds
to F-actin with an association rate constant ok 200’ M~ s71, dissociates with a rate constant in the
range 0.4-1.2 s, and subsequently severs phalloidin-stabilized F-actin with a first-order rate constant
of 0.25 s1. Characterization of the binding and severing reactions will facilitate further investigation of
gelsolin activity and its regulation.

Gelsolin is an actin binding protein which severs actin niques such as viscosity, flow birefringence, light scattering,
filaments by breaking the noncovalent bonds between actinand electron microscopy have been used to analyze the
subunits within a filament, and subsequently remains bound steady-state degree of actin severing by gelsolin (Yin et al.,
to the barbed end of the actin filament (Harris & Weeds, 1980; Harris & Weeds, 1983; Janmey et al., 1983), but these
1984). Gelsolin is composed of six repeating segments, techniques have not been employed with time resolution
termed S1-S6 (Kwiatkowski et al., 1986), and has been adequate to describe the kinetics of severing. Pyrenyliactin
shown to have three actin binding sites which are located in has been used to indirectly determine the actin severing
the S1, S2, and S4 regions (Bryan, 1988; Weeds & Maciver, activity of gelsolin by monitoring the depolymerization rate
1993; Pope et al., 1993). The S2 site has been identified asof severed actin filaments (Harris & Weeds, 1983; C&ue
the site which binds F-actin, and the S1 site is thought to be Korn, 1985; Bryan & Coluccio, 1985). Interestingly, it had
the site primarily responsible for the severing reaction been noted that upon addition of gelsolin to pyrene-labeled
(Chaponnier et al. 1986; Yin et al., 1988; McLaughlin et F-actin, a two-phase decrease in fluorescence occurred
al., 1993). Gelsolin is expressed as a plasma form and an(Harris & Weeds, 1983; Cdu& Korn, 1985); however, it
intracellular form (Yin et al., 1984). Plasma gelsolin is was not clear what kinetic event each phase represented. The
believed to be important in clearance of actin filaments from data in this report demonstrate that the two phases represent
the circulation subsequent to cellular disruption (Lind et al., gelsolin binding to F-actin and F-actin depolymerization.
1986; Lee & Galbraith, 1992). Intracellular gelsolin is Furthermore, by using phalloidin to prevent depolymeriza-
thought to affect the Ca-regulated remodeling of the tion, the binding kinetics can be studied independently.
cortical cytoskeletal network (Stossel, 1994); small sub- A large range of values for the rate constant for association
stoichiometric amounts of gelsolin have been shown to of gelsolin to F-actin ;) have been published (Allen &
induce gel to sol transitions in cross-linked actin networks Janmey, 1994; Ditsch & Wegner, 1994; Schoepper &
(Yin et al., 1979). Wegner, 1992); these were measured using different tech-

As a step toward understanding the machinery of cell nigues and conditions. Schoepper and Wegner (1992)
motility, it is necessary to know the kinetics of the proteins determineck; = 1.5 x 10* M~ s71 using gelsolin labeled
involved (Pollard, 1992). Analysis of the kinetics of actin with NBD. Ditsch and Wegner (1994) reported a value of
filament severing by gelsolin has been problematic. Tech-3 x 10 M~ s, which was determined indirectly by
analyzing the time course of actin polymerization nucleated
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rate constant for gelsolin association to F-actin approachedpyrene as determined froma*?? = 0.022 uM~! cm?

the diffusion limit for gelsolin and that their determination (Kouyama & Mihashi, 1981).

for k; was limited by how fast the reaction could be driven Severing Experiments.Mg-Actin (5—20 uM) was po-
in their experimental system. All of these previous studies lymerized with 2 mM MgC}, 0.1 M KCI, and either

!n(’:[lﬁd.e?(.a rtgte codnsltagt tfor geltsolm aisotufatmn to F-actin equimolar phalloidin (pyrenyl-Mg-actin) or equimolar TRITC-
I(:Iseetlrrlem(:lslgunrfede tsheurantg r;c esgegﬁnan toorbsee\\;gmgréoirdphalloidin (unlabeled Mg-actin) and diluted into F-buffer to
y o 9 Y TaPl9 e desired concentrations. Gelsolin severing experiments
compared fo the rate of association. Therefore, a rateWere carried out by rapidly mixing phalloidin-stabilized
constant for severing of F-actin by gelsolin has not been : y_rapidly mixing ph: . .
previously reported pyrenyl-actin or TRITC-phalloidin-stabilized native actin
' with gelsolin either in a 1x 1 cm cuvette with constant

Here,. we report studies of F-actin severing by gelsolin stirring or in a Hi-Tech Model SFA-11 stopped-flow ap-
employing rapid stopped-flow measurements of two fluo- paratus with a dead time of approximately 20 ms. All

][Iescent prc;bes,bTRI.Tg_—pr][al[[cr):d;r:r?nd py;gnyl-l;—acitlnl._ Bo_ttf;l experiments were conducted at 20. The reaction buffer
uorescent probes indicate that the reaction of gelsolin with <0 ot 0.1 M KCI, 2 mM MgGJ 0.5 mM CaC}, 0.2

phalloidin-stabilized F-actin in the presence ofCeesults mM ATP, and 5 mM HEPES, pH 7.0. Fluorescence

in a decrease in fluorescence intensity with a second-order. ) . .
rate constant ok = 2 x 10’ M~ s%. Kinetic analysis of intensity was monitored with an SLM SPF 500 spectrofluo-

F-actin labeled with TRITC-phalloidin also indicates a rometer. Each TRITC-phalloidin experiment is the average

second phase of fluorescence intensity decrease due to th f 4—6 consecutive t|me'cogrses n the stopped ',CIOW' The
severing of filaments with a rate constant of 0.25.sThe luorescence data were fit \,N'th asingle exponen'glal term-or
severing rate is corroborated independently using the rateth® sum of two exponential terms as appropriate, using
of monomeric actin add-on as a measure of the number of Sigmaplot (Jandel Scientific).
new actin filaments produced by gelsolin’s severing activity. = Monomer Add-On Assay for Filament EndBhe amount
of severing by gelsolin was assayed by monitoring the rate
MATERIALS AND METHODS of monomeric pyrenyl-actin addition to the pointed ends of
severed F-actin. At various times after addition of 50 nM
gelsolin to 1M unlabeled F-actin (in the presence of CACI
o ) : ' excess EGTA and 2M pyrenyl-G-actin were added, and
gzz'lg)rlr?ig]e V(\'F?;rgrr]%r;qwizef%';g&rél:glﬂl;rll;%fgsyl)'Odo' the resultant fluorescence intensity increase was recorded.
) _ _ ' _ EGTA was added to inactivate gelsolin and stop the severing
Protein Preparation. Actin was extracted from rabbit  reaction. The rate of the resultant nucleated polymerization
skeletal muscle acetone powder (Szent-Gyorgyi, 1951) andis proportional to the number concentration of actin filaments

purified by previously published procedures (Se]den et al., present and was analyzed with the equation:
1986). Before use, 10 mL of100 M monomeric actin

was passed through a 2.5 crn 100 cm Sephacryl S-300 F(t) = Fo+ AF{1 — exp(—k,, 1)}
gel filtration column and eluted with 5 mM HEPES, 0.2 mM
ATP, 0.02 mM CadJ, and 0.01% Nag pH 7.0 (G-buffer).
Actin prepared by these procedures was converted to Mg-
actin by a 10 min incubation in G-buffer containing 0.1 mM
EGTA and 0.1 mM MgGl.

Gelsolin was purified from human plasma by the method
of Kurokawa et al. (1990). Aliquots of purified gelsolin
(4—8 uM) were frozen in liquid nitrogen and stored-a80
°C in 5 mM HEPES, 0.02 mM KCI, and 0.5 mM EGTA,
pH 7.0. The gelsolin preparation was 95% pure by SDS KINETIC MODEL AND DATA ANALYSIS
polyacrylamide gel electrophoresis.

Protein concentrations were calculated based on molar We assumed a simple model for gelsolin severing of
extinction coefficients of 27 400 M cm™* at 290 nm for F-actin in which gelsolin initially binds reversibly to F-actin

Chemicals. All reagents were analytical grade. ATP and
TRITC-phalloidin were purchased from Sigma Chemical Co.

whereF is the initial fluorescence valuaF is the change

in fluorescence, andkys is the observed first order rate
constant for polymerization. The observed rate conskagt,

= mk, where m is the number concentration of actin
filaments andk, is the second-order rate constant for
monomer addition onto the pointed ends of filaments (the
barbed ends are gelsolin-capped); was estimated as
described below (Results).

actin and 117 230 M cm™! at 280 nm for gelsolin. and then irreversibly severs the actin filament:
Fluorescent Labeling of ActinPyrenyl-actin was prepared K, Koy
by a modification of the method of Kouyama and Mihashi G+A-~GA— GA™

(1981). Mg-Actin, 25M, was polymerized by the addition

of 2 mM MgClL and 0.1 M KCI (F-buffer) at room Where Ais an F-actin monomeric subunit, G is gelsolin, GA
temperature. A 35-fold molar excess oR-pyrenyliodo- s @ gelsolin-F-actin complex, and GA'is a gelsolin-capped
acetamide dissolved in dimethyformamide2d mg/mL) was  actin filament barbed end formed by severing. The rate
added while vortexing to aid in dispersal, and the solution equations for this scheme are

was incubated overnight in the dark. The F-actin was _

collected by centrifugation, and the pellet was taken up to dAldt = =k, [Al[G] + k_[GA]
the original volume and dialyzed overnight against 2 mM _
Tris, pH 8.0, 0.2 mM CaGJ 0.2 mM ATP, and 0.01% Naj d[G)dt = —k,[A][G] + k_[GA]
The solution was clarified by centrifugation at 170QG0r

3 h. The resulting pyrenyl-actin was 9800% labeled with d[GAJ/dt = Kk, [A][G] — (k- + K )[GA]
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d[GA®**/dt = k[GA] 10

The overall reaction is not easily solved in the general 3
case, but solutions exist for the pseudo-first-order ap- § 0.8 ) .
proximation when either reactant is in large excess, and these 8 with phalloidin
solutions may be further approximated as the sum of two S 64 it
exponential terms when the concentration of the reactants is c
large enough so thdt:[G] or ki[A] > ks« Under these § 04
conditions, there would be a rapid buildup of the intermediate e
GA complex which decays approximately exponentially, to g 0.2 —
form the severed filaments. The fluorescence time course e = without phalloidin
due to the association reaction would be 00

' T T f I
F(t) = F; — AF{1 — exp(—k;t)} (1) 0 50 100 150 200

. Time (sec
wherek; = ki[G] + k- and the fluorescence time course ime (sec)

due to both the association reaction and the subsequengy gelsolin, 20 nM gelsolin was added to 200 nM pyrenyl-F-actin

IGURE 1: Stabilization of F-actin with phalloidin upon severing

severing reaction would be in F-buffer with 0.5 mM CaGl, in the presence or absence of 2
uM phalloidin. The curve without phalloidin shows the typical
F(t) = Fyg — AF{1 — expkt)} — fluorescence intensity decrease which results from depolymerization
of F-actin subsequent to the fluorescence intensity decrease which
AFA1 - exp(-kqt)} (2) a Y

occurs upon binding of gelsolin.

whereF, is the initial fluorescence value at= 0, AF; and neglected. The upper curve in Figure 1 shows a rapid
AF, are the magnitudes of the change in fluorescence yecrease in pyrenyl-F-actin fluorescence intensity in the
intensity for each phase, ad = ki[Glkse/(k+[G] + k-). presence of phalloidin, while the subsequent slower phase
Under conditions wher&[G] > k-, ko = ksew is no longer apparent. We were able to study this initial
Our model implies & 1:1 stoichiometry for binding of yrenyl-F-actin fluorescence intensity decrease using stopped-
gelsolin to F-actin which is consistent with the observation fgy. ~ The very low actin critical concentration in the
that gelsolin has one F-actin binding site located in the S2 yresence of phalloidin allows experiments to be performed
domain (Yin et al, 1988). The stoichiometry of the j, 5 concentration range which results in second-order
gelsolin-actin complex after the initial binding by the  yinetics which are slow enough to be easily measured.
gelsolin S2 segment is not addressed by our model; however, Rapid Kinetics of Gelsolin Interaction with F-Actin
our analysis of the severing step is concerned with the patermined in Stopped-Flow ExperimentBhe initial time
generation of new actin fila_ments by severing events which ¢4 rses of the pyrenyl-actin and TRITC-phalloidin data are
occur one per each gelsolin. o _well fit by a single exponential. Figure 2A shows repre-
It has been shown that one gelsolin binds two actin gentative stopped-flow fluorescence data in which 20 nM,
monomers (Bryan & Kurth, 1984), so that at a ratio of 1:2, 100 nM, or 500 nM gelsolin was added to phalloidin-
this equilibrium binding stoichiometry should be obtained. giapilized pyrenyl-F-actin. Figure 2B shows similar data
Titration of F-actin with gelsolin suggests that as this 1:2 using F-actin with bound TRITC-phalloidin to which 20 nM,
gelsolin:actin ratio is approached, the apparent rate of gelsolinyoq nM, or 400 nM gelsolin was added. Each TRITC-
interaction with F-actin slows, perhaps because of steric phalloidin data curve is an average of-@ consecutive
hindrances to gelsolin binding at adjacent F-actin monomer acquisitions using the stopped-flow cell.
subunits (data not shown). The pseudo-first-order construc- The Obsesed Rate of Interaction between Gelsolin and

tion of our model is experimentally symmetrical so that the p_actin Increases Linearly with Increasing Gelsolin Con-
concentration of either one of the reactants, G or A, may be cengration. Figure 3 shows values for the observed rate

in large molar excess and thus be considered approximatelyqnstants determined from data such as shown in Figure 2,
constant and rate-determining. Thusz for time courses greatel|oted as a function of gelsolin concentration. The upper
than about +2 s, we have found it simpler to interpret the  yane| shows values for pyrenyl-actin. The slope of the plot
TRITC-phalloidin fluorescence intensity kinetics from ex-  yie|ds a value for the second-order association rate constant,
periments in which the gelsolin does not saturate the actin ki =1.8x 10 M~1s 1 (SE=40.1 x 10/ M~ s, and
(see Figure 4, below). the intercept yields a value fér. = 0.41 s (SE= +0.38
RESULTS s1). The lower panel shows values for TRITC-phalloidin
data withky = 2.1 x 100 M1 s 1 (SE= 4+0.2 x 10’ M1
Phalloidin Stops Depolymerization of F-Actin:®eed by s!)andk- = 1.2 st (SE= 40.42 s1). The value for the
Gelsolin. When gelsolin is added to Qi pyrenyl-F-actin, equilibrium constant for gelsolin binding to F-actin can be
there is a multiphasic fluorescence intensity decrease as thecalculated from these kinetic constarg;= 23 and 60 nM
F-actin is severed and subsequently depolymerizes from theas determined from pyrenyl-actin and TRITC-phalloidin-
pointed ends, as shown in the lower curve of Figure 1. The labeled actin, respectively.
rate of depolymerization is proportional to the number of  Separation of the TRITC-Phalloidin Fluorescence Intensity
actin filaments and has been used as an assay for the gelsolibecreases Due to Binding and SubsequenieBeg. Our
severing activity (Harris & Weeds, 1983). The addition of model for gelsolin-actin interaction uses the simplifying
phalloidin to F-actin reduces the rate of depolymerization condition that one of the reactants is in large molar excess
so much (Estes et al., 1981) that depolymerization can beover the other so that the reaction is pseudo-first-order. The
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Ficure 3: Observed rate constant for the initial interaction of

gelsolin with F-actin. Gelsolin, in molar excess of the F-actin
concentration, was mixed with F-actin in F-buffer plus 0.5 mM
Time (sec) CaCl. Data were acquired as in Figure 2, and valuekfdfrom

eq 1) were determined from fits to the time courses. The upper
FiGURE 2: Rapid interaction of gelsolin and F-actin. Various panel shows data from experiments using pyrenyl-F-actin; the slope
concentrations of gelsolin were added to F-actin in F-buffer with of the line gives a value fok, = 1.8 x 10’ M~1s™1 (SE= +0.1
0.5 mM CaC}, using a stopped-flow apparatus as described under x 107 M~1 s7%), and the intercept yields a value for = 0.41 s'!
Materials and Methods. Panel A: Pyrenyl-F-actin withu®I (SE= +0.38 s1). The lower panel shows data from experiments
phalloidin. Concentrations are 10 nM F-actin, 20 nM gelsalin, using actin F-actin with bound TRITC-phalloidin wikh = 2.1 x
20 nM F-actin, 100 nM gelsolir]; and 100 nM F-actin, 500 nM 100 M~1s1(SE=40.20x 10’ M~1s ) andk- =1.2 s1 (SE=
gelsolin,v. Panel B: 10 nM F-actin with equimolar bound TRITC- +0.42 s'%).
phalloidin. Concentrations of gelsolin are 20 ni@, 100 nM,;
and 400 nM,v. The data are normalized. k:[A] kse/(K:[A] + k_) using the above values fdt; and

. . k- and lue determined féte, = 0.27 s (SE= 0.076
experiments described above have used an excess of gelsollgl;jm a value determined fége, st

over the F-actin concentration; however, our model is

symmetrical, and we find that thie can be determined using ported by an Independent Assay of the Increase in the

F-actin in molar excess. Figure 4 illustrates the biphasic Number of Actin Filaments with Time Gelsolin was

nature of the fluorescence signal which results from gelsolin . . . o )
interaction with TRITC-phallgidin—IabeIed F-actin. Ingthese incubated with unlabeled, phalloidin-stabilized F-actin for

experiments, the gelsolin:F-actin monomer unit ratio is 1:10 various times; then monomeric pyrenyl-actin was added, and

for each F-actin concentration, and the fluorescence vaIues:r:;;?jggan_}_Egrﬁg)g;ﬁngiﬂﬂcr)éeg Zilr:)(:vssln;::‘ns'%'nge?f;g:_s
are normalized. Under these conditions, the observed rate ) 9 pie poly

constant for the first kinetic phaseks = k-[A] + k_, and tion time courses. The observed polymerization rate con-

o stant, kops is plotted in Figure 6 (circles) as a function of
teh;:tr:o; épzlsfﬁgns%ﬁg allif]eelf ar :;Ef\s] It(ge‘{ﬂg[dA;t: LII(;I)I’I gljne q2. incubation time, and the line represents a fit to the data by

) L — 1
The dashed lines are calculated using the differential equa-a_Slngle ex;l)onenF|aI with arate constéany, = 0.23 (SE
tions and values for the rate constakis= 2 x 10" M~ = £0.05s%). This value is in good agreement with, =

s, keo= 0.27 S, and eithek_ = 0 (dashee-dotted line) 0.27 _§1 determined from TRITC-phaIIc_Jidin fluorescenc_:e

K _ 05 st (dasr’led line), ok_ = 1 s (dashed—double-’ experiments (Figure 5). At_the_ end point for the severing

dotted line). ' reaction, tr_]e number o_f actin filaments)(is equal to the
Figure 5 shows the values fdu and k. from eq 2 conceniratlon of gelsolin, 50 nM, and the value kggs =

determined from fits to the time courses of TRITC-phalloidin gelzd?tign. totrr:ee VO"’}Inl“;g dfgrnéhoef tﬁi&%”ﬁf:me% (r;%ngéner

fluorescence intensity decrease for a number of experiments lculated: E Koo/ = 5 x 10° ML 5% This is i

using the conditions of Figure 4. The values determined Co oo acC: ko bdTh = 9 X > 10P 'S,lls ,'?

for k; are plotted in the upper panel as a function of F-actin reasonable agreement with the value %21 M. ST

concentration. From the slope and intercept of the line, repor_ted by Pollard and Mooseker (1981) under similar ionic

respectivelyk. = 1.7 x 10/ M—* s (SE = 0.25 x 107 conditions.

M_*l s andk- =1.0 sl (SE= 0.67 sl). This k; value  DISCUSSION

is in good agreement with that determined from the gelsolin

concentration dependence of the gelseletin interaction While values for a rate constant for gelsolin association

rate (Figure 3). The values determined kgfrom the fit to with F-actin have been previously reported (Allen & Janmey,

eq 2 are plotted in the lower panel. The line is a fikic= 1994; Ditsch & Wegner, 1994), neither a dissociation rate

0.0 0.5 1.0 1.5 2.0

The Seering Rate Determined by Fluorescence Is Sup-
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1] v T activity. The values determined from data fits using eq 2 are plotted
as a function of F-actin concentration. The valueskfcsire shown
3 in the upper panel. The slope and intercept of the line give values
g forky =1.7x 100 M~1s 1 (SE=0.25x 10’ M~1 s andk_ =
b 1.0 st (SE = 0.67 s1). The lower panel shows the values
g 0.1/ . deterr_nined fok,. The line is a fit tok, = ki[A] kse/(K+[A] + ko)
3 . and yields a value foksey, = 0.27 s'1 (SE= 0.076 s1).
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Ficure 4: Time course of TRITC-phalloidin fluorescence intensity
decrease due to gelsolin binding and severing activity. Gelsolin 0.2 -
was added to F-actin in F-buffer plus 0.5 mM Cadlhe gelsolin —
and F-actin concentrations are listed in each panel. The data were ¢, ®
fit using eq 2 (solid lines), normalized to the extent of fluorescence & 2
change and plotted here in a semi-log format. The dashed lines are g §
calculated using the differential equations and the following values o
for the rate constantsk; =2 x 10/ M1 s, keey= 0.27 s'1, and 0.1 E
eitherk- = 0 (dashee-dotted line) k- = 0.5 s* (dashed line), or ) b
k- = 1 s'1 (dashee-double-dotted line).
constant nor a rate constant for F-actin severing by gelsolin 0 ' '
; : 0 50 100
has been previously published. It has been proposed that
the mechanism by which gelsolin severs F-actin includes 00 Time (sec)
multiple steps. Initially, the gelsolin S2 domain binds to : o 1'0 2'0 3'0 40

F-actin, reducing its translational entropy followed by binding
of its S1 and S4 domains at other sites on the actin filament Incubation time (sec)
to then enable the severing reaction (Way et al., 1989). Thep; .c 6. Rate of actin monomer addition to actin filaments
severing step described by the rate constant for severing.severed by gelsolin as a function of incubation time. As described
ksew considered in our kinetic model may include molecular under Material and Methods, the observed rate constant for actin
steps such as the positioning of the gelsolin S1 and S4P0|Y[)neflzat|9nhkobs|WET_S p!lgr:ted alsaﬂfjggctl?n_ olfth)e tlmefz_of I_:;]actln

. I g s incubation with gelsolin. The values fégps (circles) are fit with a
d_omams, destab|l|zat|or_1 of actrractm _bonds_ within the single exponential with a rate constant for sevekng= 0.23 s1
filament, and conformational shifts which ultimately result (gg'— 10.05 s?). The inset shows typical data curves of the
in the breaking of the actiractin bonds and high-affinity  pyrenyl-actin fluorescence intensity increase resulting from nucle-

binding of gelsolin to the nascent filament end. ated polymerization onto F-actin preincubated with gelsolin for 0.5,
This study has determined a value for the association ratel, 5 and 10 s (from bottom to top, respectively).
constant for gelsolin with F-actirk, = 2 x 10/ M1 s, concentration range where the association reaction is faster

which is about an order of magnitude higher than previously than the severing reaction. Our use of phalloidin-stabilized
reported values. The higher value for reported here is  pyrenyl-actin allows measurements of the time course of
probably due to our use of the stopped-flow technique which gelsolin binding with minimal interference from fluorescence
allows rapid measurements of the reaction rate of gelsolin intensity changes due to actin depolymerization or severing.
binding to F-actin with bound TRITC-phalloidin in a protein It may be that thé, values determined previously by others
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(Allen & Janmey, 1994; Ditsch & Wegner, 1994) resulted leads to a high-affinity complex which precedes the severing
from observed rates which were partially due to binding and event. Further work will be needed to clarify this aspect of
partially due to severing by gelsolin. Ditsch and Wegner gelsolin binding and severing kinetics.
(1994) indirectly determined a value flay from modeling The equilibrium constant for fragmentation of an actin
the actin polymerization time course in the presence of filament has been reported to be 0.4 pM (Kinosian et al.,
gelsolin. Their model assumed that severing of actin by 1993). The binding of gelsolin to the barbed end of the
gelsolin was instantaneous; thus, the rate of severing wasfilament may be stronger than this, since the free energy of
only limited by the rate of the association reaction. Allen the final state of severing in which gelsolin caps the barbed
and Janmey (1994) reported a fCadependence df, and end of the actin filament must be lower than the free energy
suggested that if the reaction could be driven fast enough, of the actir-actin bonds which were disrupted. This implies
the binding and severing reactions could be separated,an effectively irreversible reaction relative to the time frame
although they were not able to achieve this in their of severing. The equilibrium constant for capping of the
experimental system. Our value flr was determined in  barbed end of the actin filament by the gelselactin
the presence of 0.5 mM CaLC{free [C&"] > 300 uM), complex was reported to be less than 10 pM (Selve &
which, in agreement with Allen and Janmey (1994), we found Wegner, 1986).
to give a maximal rate of gelsolin binding to F-actin (data  In conclusion, we have used the fluorescence intensity of
not shown). both pyrenyl-actin and TRITC-phalloidin to monitor the
The observation that upon reaction with gelsolin, the interaction between gelsolin and phalloidin-stabilized actin
fluorescence intensity decrease of F-actin-bound TRITC- and have determined the number of actin filaments by a
phalloidin contains two kinetic phases (Figure 4) suggested polymerization assay (Figure 6). The data support a model
that the reaction of gelsolin with F-actin was not as simple of gelsolin severing activity with an association rate constant
as had been previously described. This led to the finding k, = 2 x 10"/ M~! s7L, a dissociation rate constakt =
that when the concentration of either one of the reactants is0.4—1.2 s%, and severing rate constaqt, = 0.25 s*. The
greater than approximately QuM, the binding and severing  degree of reversibility of the initial rapid binding of gelsolin
events could be separated kinetically. The results of the to actin is still somewhat unclear, and it is possible that a
monomer add-on experiment in Figure 6 correlate well with rapid conformational change stabilizes gelsolin binding and
the determinations dé., using TRITC-phalloidin, and both  |eads irrevocably to severing. Establishment of these basic
indicate that severing of phalloidin-stabilized actin is a first- parameters for our simple model of F-actin severing by
order process witlsey= 0.25 s*.  This independent assay  gelsolin will provide a basis for further studies of gelsolin’s
for gelsolin severing activity justifies the interpretation of severing activity, and, in particular, for analysis of the
the TRITC-phalloidin fluorescence intensity change as being regulation of the binding and severing phases by calcium
due to severing as well as binding. The value we report for and by phosphatidylinositol phosphates [reviewed in Stossel
ksevhas been determined for F-actin which has phalloidin or (1994)].
TRITC-phalloidin bound; however, it has been reported that
phalloidin binding to F-actin does not significantly reduce REFERENCES
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