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Examining F-actin interaction with intact talin and talin head and tail fragment
using static and dynamic light scattering
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We examined the binding kinetics of intact talin and talin head and tail fragment with F-actin at
pH 7.0 and at low ionic strength. We observed by a transient kinetic method a fast followed by a slower
binding process for intact talin and talin tail fragment with filamentous actin. The latter can be attributed
to F-actin cross-linking and/or bundling, which was observed in cosedimentation assays as well as by
low shear viscometry and electron microscopy [Zhang, J., Robson, R. M., Schmidt, J. M. & Stromer, M.
H. (1996) Biochem. Biophys. Res. Commun. 2880—-537]. This finding is supported by dynamic light
scattering measurements, indicating changes in internal actin filament dynamics due to cross-linking/
bundling events with intact talin and talin tail fragment. No binding of the talin head fragment with
F-actin was detected by either method.
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Talin is one link in the chain of cytoskeletal proteins that scatter methods to examine the binding reaction of F-actin to
form a structure that functions both to detect and signal changatact talin as well as to talin head and tail fragment at pH 7.0
in the extracellular and intracellular milieu and to bring about and low ionic strength.
cellular responsesi]. The transmembrane proteins mediating
these contacts are members of a family of integrins. Integrins are
heterodimeric complexes in which both chains span the plasTERIALS AND METHODS
membrane bilayer once; the cytoplasmic domain of/tfahain ) ) . ]
is responsible for linkage to the actin cytoskeleton. A major pro- Protein preparation. Actin was prepared according to the
tein component of focal adhesions is talin. Originally, it wagrocedure of Spudich and Wattq] from acetone powder ob-
thought that talin was linked to the actin filaments through othd@ined from rabbit back muscle. The biological activity of the
proteins such as vinculin [24] ande-actinin [5]. Talin has also Purified actin was tested using falling ball viscometry, and its
been shown to bind direcﬂy to G-actin and F-actir«ym’ and concentration was determined using an absorption coefficient,
recent studies with glutathior@transferase (GST) fusion pro- ¢ze0, Of 26460 M'* cm™'. G-actin was stored in G-buffer: 2 mM
teins indicate two non-overlapping F-actin-binding regions iAfis/HCI, pH 7.5; 0.2 mM CaGl 0.5 mM ATP, 0.2 mM dithio-
the C-terminal and the possibility of another binding site in théreitol and 0.005% Nakl either kept on ice for less than two
N-terminal region {0]. Furthermore, talin binds to lipid bi- days or rapidly frozen using liquid nitrogen, kept-a80°C, and
layers, in several ways. A portion of the talin head can insefftawed immediately before use. For the light scattering studies,
into charged phospholipids, connecting the actin cytoskeleton @actin was polymerized overnight at@ in F-buffer contain-

the lipid membrane1t —14]. ing 2mM Tris/HCI, pH 7.5, 100mM KCI, 2 mM MgCl,
Mouse talin consists of 234amino acids and can be cleaved)-2 MM CaC}, 0.2 mM dithiothreitol, 0.5 mM ATP.
into an ~50-kDa head and ar-220-kDa tail region {5]. We Platelet talin was isolated from outdated human thrombo-

and others have examined the molecule using electron micré¥ies by the Collier and Wang method [20]. Talin was further
copy and have found human platelet talin to be an antiparalleyrified by passing it through a gel filtration column [7]. Proteo-
homodimer of 5 nm in length [6], and smooth muscle talin lytic cleavage of talin was achieved by thrombin digestion at
predominantly in a highly flexible, monomeric formq]. These foom temperatureiB]. The purities of the intact talin as well as
structural differences may be due to the protein source, protd@in head and tail fragment were analyzed on SDS/polyacrylam-
concentrations, and buffer conditions used in these experimen® gel, and protein concentration was determined according to
Recent observations by Zhang et al8] have shown that the the method of Bradford [g (Fig. 1). _

talin molecule is sensitive to changes in pH and ionic strength, Stopped-flow experiments.The rapid mixing studies were
which allow it to cross-link actin to form filament bundles andPerformed at ambient temperature in a stopped flow spectropho-
networks. In the present study, we used static and dynamic Ii%ﬁf”eter SF-6 (supplied by Hi-Tech Scientific Ltd, Salisbury,

Correspondence t@&v. H. Goldmann, Massachusetts General Hospi- K). as_shown in Fig. 2. The dead time of the apparatus is

tal, Harvard Medical School, Department of Medicine, Builditgp, ~2ms. The optical system consists ofl@0)-W mercury lamp

13th Street. Charlestown. MA 029 USA (Osram HBO100W/2), with the monochromator set at 355 nm
Fax: +1 617 726 5669. ' and a slit width of 2 nm. The light is transmitted via a light
E-mail: goldman@bhelix.mgh.harvard.edu guide to the mixing/observation chamber, and the emitted light

Abbreviations. k. andk,,., observed rates. is monitored (at 99to the incident light) by the photomultiplier.
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Fig. 1. 5-15% gradient SDS/polyacrylamide showing intact talin F19-3: Schematic representation of the dynamic light scatter appara-
(lane 1), talin tail (lane 2), and talin head fragments (lane 3)Each tus consisting of a laser, quartz cell, goniometer cuvette with swivel,

lane was loaded with 248y protein. The molecular masses are indicateihotomultiplier, correlator, and computer.
on the left.
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Fig. 2. Schematic diagram of the stopped-flow apparatus(A) Light
source, (B) monochromator, (C) light guide, (D) drive plate, (E) driving 0.9
syringes, (F) reservoir syringes, (G) mixing chamber, (H) observation/ D). -
reaction cell, (1) waste syringe, (J) stopping syringe, (K) stopping block,
(L) photomultiplier, (M) acquisition system, and (N) computer.
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The signal captured by the photomultiplier is electronically _ _
filtered by a unity gain amplifier. The time constant is normallyig-4. Stopped-flow analysisThe traces represent the average of six
set at 01 % of the total sweep time. The voltage output from th onsecutive measurements in the stopped-flow apparatus. Changes in

TR . Ilght scattering signal at a 90angle and 355 nm wavelength were
photomulitplier is digitized by an analog converter before be'ng)getected . Elg/l in?act talin (A) ang 2uM talin tail fragment (g) with

transferred to.a Macintosh computer Ilix and analyzed on a Co@hM F-actin (cell reaction concentration). Conditions were as follows:
mercially qva[lable program (IGOR Pro 3). oo temperature, 28C; buffer, 20 mM Tris/HCI, pH7.0,1 mM EGTA,
Dynamic light scattering experiments. The dynamic light | mm dithiothreitol. The best-fit line to the data give values of10s '

scatter studies were carried out in a device supplied by Brookad 0.02 s' (A) and 0.75s' and 0.024s' (B), respectively. The

haven Instruments (Holtsville, NY, USA; Fig. 3). A spectral linevalues presented correspond to the observed riatgsand Kops2

at 633 nm from al0O-mW He-Ne laser, used as light source, is

transmitted through the sample held in a glass tube of 8 mm ] ) )

inner diameter. The aperture prior to light entering the quar:024 s', respectively. The difference between the first and sec-

cell and the photomultiplier are computer controlled to minimizend rate is significant and indicates that probably two events are

stray light. The detected light is directly transmitted to the corredccurring: a faster binding process and a slower actin cross-

lator and analyzed by computer. linking/bundling reaction. This result follows a trend observed
by Zhang et al. 18] that pH less than 7.4 and low ionic strength
regulate the binding of intact talin and probably talin tail frag-

RESULTS ment to actin, bringing about the stabilization of actin filaments.

) o _ Control experiments using F-actin and talin head fragment under

Stopped-flow studies.The association rates were obtained bygentical conditions showed no significant signal change above

the stopped-flow method. F-actin was mixed with intact talin agie noise level. This confirms earlier findings by Niggli et al.

well as talin head and tail fragment. The light scatter transients3] and Muguruma et al. [22] that this fragment is probably not

at 355 nm are best described by a double exponential as a singlglved in actin binding, but is contrary to the predictions of

exponential did not fit the data adequately. Fig. 4 A and B shoWemmings et al.{0] of a possible actin-binding site in the head

a typical result of six averaged light scatter signals of an Fegion (data not shown).

actin and intact talin and talin tail solution with a least-squares

exponential fit superimposed. The observed rdtgs,andk..s>, Dynamic light scattering studies.We measured the autocorre-

with respect to 31M F-actin and 2uM intact talin and talin tail lation function which gives information about the internal poly-

fragment solution were 01 s~' and 0.02 s™' and 0.75s' and mer dynamics of the scattered light intensity of actin filaments
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Fig. 5. Plot of the dynamic structure factor g(qg,z)* against decay times (between>80° and 5x10*s) of 3uM F-actin in the absence and
presence of 0.3, 0.9, and 1M intact talin. Conditions were as follows: temperature,’€2 measuring time 10 min; wavelength, 633 nm;
buffer as described in the legend of Fig. 4. The inset depicts a light dynamic light scatter tragd/loF-&ctin with the best fit superimposed
(-+++-+), using the autocorrection functig(a,z) = (—bz°>™); b = 106.4; residuals<5%. b is a constantq is the scattering vector andis the
correlation time. (Note: for further reading and general structure predictions cf. [28].)

in the presence of intact talin as well as talin head and tail fragable 1. The calculated valuesh for 3 pM F-actin in the habsence
ment. The theoretical approach described by Goetter et al. [28]d presence of intact talin as well as talin head and tail fragment
allowed a good approximation of the dynamics of semiflexibl@t various concentrations.
ithi i -5_10-2

polym.ers within atime range afo-5—10-2s. . Protein @) = (—bro™

Prior to experimentation, we measured pure F-actin soli; :
. r . oncentration (b)
tions. Normalizing the amplitude to a value of one, the data were
fitted over the entire time range and the dependency at®a 90 intact talin talin tail talin head
angle followed ac?-law (see inset to Fig. 5, dotted line). To fragment fragment
investigate the scattering behavior of F-actin solutions in the
presence of intact talin as well as talin head and tail fragmemty!

we incubated the proteins at various concentrations. Fig.opure F-actin) 106.4 106.4 106.4
shows the results from experiments with intact talin and F-actio,3 89.6
where we plot the amplitudeg(q,z)? against decay times at a0.4 90.2 105.0
scattering angle of 90 Increasing the talin protein concentratior0.9 95.0
indicates a decrease in amplitude and a change in curve structuge 44.5 53.2 104.4

over time. Fitting the function to the data, we determined the
constantb. With increasing intact talin and talin tail fragment

concentrations, there is a slowing down of the decay, which is
properly due to cross-linking and the formation of actin bundles

(Table 1). Thus, no change occurred in the presence of the talfﬁese conditions using transient kinetic methods. Measuring as-
head fragment at increasing concentrations, indicating that on

the association of intact talin and talin tail fragment with F-actif?xc'altlon rateons andkaps20f F-actin solutions with intact talin

change the internal dvnamic behavior of actin filaments and talin tail fragment, we observed two significantly different
9 y ' binding reactions. The distinct relaxations could be described as

a fast binding event followed by a slower process. These results

confirm (a) reports by Hemmings et al.J] of two actin-binding
DISCUSSION sites on the talin tail fragment, and (b) observations by Zhang

In the present study, we examined the binding parameterseifal. [18] of actin filament cross-linking at pH less than 7.4 and

intact human platelet talin as well as talin head and tail fragmel@w ionic strength in the presence of intact talin. The kinetic
with F-actin using static light scattering, and we confirmed thesavents described here can be attributed specifically to an initial
observations using dynamic light scattering. Previously, Zhargnding event followed by a cross-linking/bundling process.
et al. [18] have shown using cosedimentation, low shear viscorBupport for this notion comes also from our dynamic light
etry, and electron microscopy that smooth muscle talin is statter data, where we noticed a correlation between rising (in-
potential cross-linking protein with F-actin. In their study, theséct and tail fragment) talin concentration and increasing actin
researchers observed a specific interaction of actin with intdtlament stiffness. The difference in the first binding rate of F-
talin that was strongly dependent on the pH and ionic strenggtietin to intact talin and=220-kDa tail fragment may be due to
of the solution. structural differences in the molecules.

We were interested to evaluate the binding events under
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Recently, Winkler et al. 7] have used energy-filtered 10.
electron microscopy to unravel the structural properties of
smooth muscle talin. These researchers found this protein highly
elongated, flexible, and mainly in monomeric form, which
would allow the formation of a variety of molecular shapes ang,
conformations. Previously, Zhang et al8] reported a regula-
tory effect of pH and ionic strength on the ability of talin
molecules to cross-link filamentous actin and induce bundle and
network formation. These parameters have a strong influence th
the viscosity of actin-talin solutions, which has also been ob-
served by McCann and Craig [24] using electron microscopy.

In earlier studies applying falling ball viscometry, rheology,
and light microscopy, we showed that human platelet talin hds-
an effect on the viscoelastic properties of actin filaments and on
the internal dynamics of actin filaments, even at pH-7830 and
at =120 mM ionic strength. Using electron microscopy under
these conditions, we observed no cross-linking, leading us to
believe at that time that the talin molecule probably binds later-
ally to actin filaments [8, 25, 26]. 15.

More recently, using magnetometry and atomic force micros-
copy, we examined the influence of talin in focal adhesion coni6.
plexes on F9 embryonic carcinoma cells. The absence of the
talin-binding site on vinculin reduced the stiffness and viscosit
of the entire cell by=20% and had a significant influence on £
the ability of the cell to spread, adhere, and move [27]. These
and our new results support the notion that talin (a) plays a key
role as a mechanical molecular bridge in focal adhesions, (fy
guides proper adhesion site formation, and (c) influences the
integrin-mediated locomotion and viscoelasticity of the cell.
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