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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. 218, 5302537]. 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
intact talin as well as to talin head and tail fragment at pH 7.0form a structure that functions both to detect and signal changes

in the extracellular and intracellular milieu and to bring about and low ionic strength.
cellular responses [1]. The transmembrane proteins mediating
these contacts are members of a family of integrins. Integrins are
heterodimeric complexes in which both chains span the plasmaMATERIALS AND METHODS
membrane bilayer once; the cytoplasmic domain of theβ-chain

Protein preparation. Actin was prepared according to theis responsible for linkage to the actin cytoskeleton. A major pro-
procedure of Spudich and Watt [19] from acetone powder ob-tein component of focal adhesions is talin. Originally, it was
tained from rabbit back muscle. The biological activity of thethought that talin was linked to the actin filaments through other
purified actin was tested using falling ball viscometry, and itsproteins such as vinculin [224] andA-actinin [5]. Talin has also
concentration was determined using an absorption coefficient,been shown to bind directly to G-actin and F-actin [629], and
ε290, of 26 460 M21 cm21. G-actin was stored in G-buffer: 2 mMrecent studies with glutathioneS-transferase (GST) fusion pro-
Tris/HCl, pH 7.5; 0.2 mM CaCl2, 0.5 mM ATP, 0.2 mM dithio-teins indicate two non-overlapping F-actin-binding regions in
threitol and 0.005% NaN3, either kept on ice for less than twothe C-terminal and the possibility of another binding site in the
days or rapidly frozen using liquid nitrogen, kept at280°C, andN-terminal region [10]. Furthermore, talin binds to lipid bi-
thawed immediately before use. For the light scattering studies,layers, in several ways. A portion of the talin head can insert
G-actin was polymerized overnight at 4°C in F-buffer contain-into charged phospholipids, connecting the actin cytoskeleton to
ing 2 mM Tris/HCl, pH 7.5, 100 mM KCl, 2 mM MgCl2,the lipid membrane [11214].
0.2 mM CaCl2, 0.2 mM dithiothreitol, 0.5 mM ATP.Mouse talin consists of 2541 amino acids and can be cleaved

Platelet talin was isolated from outdated human thrombo-into an <50-kDa head and an<220-kDa tail region [15]. We
cytes by the Collier and Wang method [20]. Talin was furtherand others have examined the molecule using electron micros-
purified by passing it through a gel filtration column [7]. Proteo-copy and have found human platelet talin to be an antiparallel
lytic cleavage of talin was achieved by thrombin digestion athomodimer of 51 nm in length [16], and smooth muscle talin
room temperature [13]. The purities of the intact talin as well aspredominantly in a highly flexible, monomeric form [17]. These
talin head and tail fragment were analyzed on SDS/polyacrylam-structural differences may be due to the protein source, protein
ide gel, and protein concentration was determined according toconcentrations, and buffer conditions used in these experiments.
the method of Bradford [21] (Fig. 1).Recent observations by Zhang et al. [18] have shown that the

Stopped-flow experiments.The rapid mixing studies weretalin molecule is sensitive to changes in pH and ionic strength,
performed at ambient temperature in a stopped flow spectropho-which allow it to cross-link actin to form filament bundles and
tometer SF-61 (supplied by Hi-Tech Scientific Ltd, Salisbury,networks. In the present study, we used static and dynamic light
UK), as shown in Fig. 2. The dead time of the apparatus is
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Abbreviations. kobs1 andkobs2, observed rates. is monitored (at 90° to the incident light) by the photomultiplier.
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Fig.3. Schematic representation of the dynamic light scatter appara-Fig. 1. 5−15% gradient SDS/polyacrylamide showing intact talin
tus consisting of a laser, quartz cell, goniometer cuvette with swivel,(lane 1), talin tail (lane 2), and talin head fragments (lane 3).Each
photomultiplier, correlator, and computer.lane was loaded with 2.5µg protein. The molecular masses are indicated

on the left.

Fig. 2. Schematic diagram of the stopped-flow apparatus.(A) Light
source, (B) monochromator, (C) light guide, (D) drive plate, (E) driving
syringes, (F) reservoir syringes, (G) mixing chamber, (H) observation/
reaction cell, (I) waste syringe, (J) stopping syringe, (K) stopping block,
(L) photomultiplier, (M) acquisition system, and (N) computer.

The signal captured by the photomultiplier is electronically
Fig.4. Stopped-flow analysis.The traces represent the average of sixfiltered by a unity gain amplifier. The time constant is normally
consecutive measurements in the stopped-flow apparatus. Changes inset at 0.1% of the total sweep time. The voltage output from the
light scattering signal at a 90° angle and 355 nm wavelength werephotomulitplier is digitized by an analog converter before being
detected at 2µM intact talin (A) and 2µM talin tail fragment (B) with

transferred to a Macintosh computer IIfx and analyzed on a com-3 µM F-actin (cell reaction concentration). Conditions were as follows:
mercially available program (IGOR Pro 3). temperature, 20°C; buffer, 20 mM Tris/HCl, pH 7.0,1 mM EGTA,

Dynamic light scattering experiments.The dynamic light 1mM dithiothreitol. The best-fit line to the data give values of 0.11 s21

scatter studies were carried out in a device supplied by Brook-and 0.021 s21 (A) and 0.75 s21 and 0.024 s21 (B), respectively. The
values presented correspond to the observed rates,kobs1 andkobs2.haven Instruments (Holtsville, NY, USA; Fig. 3). A spectral line

at 633 nm from a10-mW He-Ne laser, used as light source, is
transmitted through the sample held in a glass tube of 8 mm

0.024 s21, respectively. The difference between the first and sec-inner diameter. The aperture prior to light entering the quartz
ond rate is significant and indicates that probably two events arecell and the photomultiplier are computer controlled to minimize
occurring: a faster binding process and a slower actin cross-stray light. The detected light is directly transmitted to the corre-
linking/bundling reaction. This result follows a trend observedlator and analyzed by computer.
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-
ment to actin, bringing about the stabilization of actin filaments.RESULTS
Control experiments using F-actin and talin head fragment under

Stopped-flow studies.The association rates were obtained byidentical conditions showed no significant signal change above
the stopped-flow method. F-actin was mixed with intact talin asthe noise level. This confirms earlier findings by Niggli et al.
well as talin head and tail fragment. The light scatter transients[13] and Muguruma et al. [22] that this fragment is probably not
at 355 nm are best described by a double exponential as a singleinvolved in actin binding, but is contrary to the predictions of
exponential did not fit the data adequately. Fig. 4A and B showHemmings et al. [10] of a possible actin-binding site in the head
a typical result of six averaged light scatter signals of an F-region (data not shown).
actin and intact talin and talin tail solution with a least-squares
exponential fit superimposed. The observed rates,kobs1 andkobs2, Dynamic light scattering studies.We measured the autocorre-

lation function which gives information about the internal poly-with respect to 3µM F-actin and 2µM intact talin and talin tail
fragment solution were 0.11 s21 and 0.021 s21 and 0.75 s21 and mer dynamics of the scattered light intensity of actin filaments
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Fig. 5. Plot of the dynamic structure factor g(q,τ)2 against decay times (between 5×10−5 and 5×10−1 s) of 3µM F-actin in the absence and
presence of 0.3, 0.9, and 1.2µM intact talin. Conditions were as follows: temperature, 22°C; measuring time,10 min; wavelength, 633 nm;
buffer as described in the legend of Fig. 4. The inset depicts a light dynamic light scatter trace of 3µM F-actin with the best fit superimposed
(· ·· · · ·), using the autocorrection functiong(q,τ) 5 (2bτ0.75); b 5 106.4; residuals,5%. b is a constant,q is the scattering vector andτ is the
correlation time. (Note : for further reading and general structure predictions cf. [28].)

Table 1. The calculated valuesb for 3 µM F-actin in the habsencein the presence of intact talin as well as talin head and tail frag-
and presence of intact talin as well as talin head and tail fragmentment. The theoretical approach described by Goetter et al. [23]
at various concentrations.allowed a good approximation of the dynamics of semiflexible

polymers within a time range of102521022 s.
Protein g(q,τ) 5 (2bτ0.75)

Prior to experimentation, we measured pure F-actin solu-concentration (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 aq2-law (see inset to Fig. 5, dotted line). To fragment fragment
investigate the scattering behavior of F-actin solutions in the

µMpresence of intact talin as well as talin head and tail fragment,
we incubated the proteins at various concentrations. Fig. 50 (pure F-actin) 106.4 106.4 106.4
shows the results from experiments with intact talin and F-actin,0.3 89.6

0.4 90.2 105.0where we plot the amplitudesg(q,τ)2 against decay times at a
0.9 95.0scattering angle of 90°. Increasing the talin protein concentration
1.2 44.5 53.2 104.4indicates a decrease in amplitude and a change in curve structure

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

We were interested to evaluate the binding events under
(Table1). Thus, no change occurred in the presence of the talinthese conditions using transient kinetic methods. Measuring as-
head fragment at increasing concentrations, indicating that only

sociation rateskobs1 andkobs2of F-actin solutions with intact talinthe association of intact talin and talin tail fragment with F-actin
and talin tail fragment, we observed two significantly different

change the internal dynamic behavior of actin filaments. 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. [10] of two actin-binding

DISCUSSION sites on the talin tail fragment, and (b) observations by Zhang
et al. [18] of actin filament cross-linking at pH less than 7.4 andIn the present study, we examined the binding parameters of
low ionic strength in the presence of intact talin. The kineticintact human platelet talin as well as talin head and tail fragment
events described here can be attributed specifically to an initialwith F-actin using static light scattering, and we confirmed these
binding event followed by a cross-linking/bundling process.observations using dynamic light scattering. Previously, Zhang
Support for this notion comes also from our dynamic lightet al. [18] have shown using cosedimentation, low shear viscom-
scatter data, where we noticed a correlation between rising (in-etry, and electron microscopy that smooth muscle talin is a
tact and tail fragment) talin concentration and increasing actinpotential cross-linking protein with F-actin. In their study, these
filament stiffness. The difference in the first binding rate of F-researchers observed a specific interaction of actin with intact
actin to intact talin and<220-kDa tail fragment may be due totalin that was strongly dependent on the pH and ionic strength

of the solution. structural differences in the molecules.
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10. Hemmings, L., Rees, D. J. G., Ohanian, V., Bolton, S. J., Gilmore,Recently, Winkler et al. [17] have used energy-filtered
A. P., Patel, B., Priddle, H., Trevithick, J. E., Hynes, R. O. &electron microscopy to unravel the structural properties of
Critchley, D. R. (1996) Talin contains three actin-binding sitessmooth muscle talin. These researchers found this protein highly
each of which is adjacent to a vinculin binding site,J. Cell Sci.elongated, flexible, and mainly in monomeric form, which
109, 271522726.

would allow the formation of a variety of molecular shapes and11. Goldmann, W. H., Niggli, V., Kaufmann, S. & Isenberg, G. (1992)
conformations. Previously, Zhang et al. [18] reported a regula- Probing actin and liposome interaction of talin and talin-vinculin
tory effect of pH and ionic strength on the ability of talin complexes: a kinetic, thermodynamic and lipid labeling study,
molecules to cross-link filamentous actin and induce bundle and Biochemistry 31, 766527671.
network formation. These parameters have a strong influence on12. Kaufmann, S., Kaes, J., Goldmann, W. H., Sackmann, E. &

Isenberg, G. (1992) Talin anchors and nucleates actin filamentsthe viscosity of actin-talin solutions, which has also been ob-
at lipid membranes: a direct demonstration,FEBS Lett. 314,served by McCann and Craig [24] using electron microscopy.
2032205.In earlier studies applying falling ball viscometry, rheology,

13. Niggli, V., Kaufmann, S., Goldmann, W. H., Weber, T. & Isenberg,and light microscopy, we showed that human platelet talin has
G. (1994) Identification of functional domains in the cytoskeletalan effect on the viscoelastic properties of actin filaments and on
protein talin,Eur. J. Biochem. 224, 9512957.

the internal dynamics of actin filaments, even at pH 7.528.0 and 14. Tempel, M., Goldmann, W. H., Isenberg, G. & Sackmann, E. (1995)
at <120 mM ionic strength. Using electron microscopy under Interaction of the 47-kDa talin fragment and the 32-kDa vinculin
these conditions, we observed no cross-linking, leading us to fragment with acidic phospholipids: a computer analysis,Bio-
believe at that time that the talin molecule probably binds later- phys. J. 69, 2282241.
ally to actin filaments [8, 25, 26]. 15. Rees, D. J. G., Ades, S. E., Singer, S. J. & Hynes, R. O. (1990)

Sequence and domain structure of talin,Nature 347, 6852689.More recently, using magnetometry and atomic force micros-
16. Goldmann, W. H., Bremer, A., Haener, M., Aebi, U. & Isenberg,copy, we examined the influence of talin in focal adhesion com-

G. (1994) Native talin is a dumbbell-shaped homodimer when itplexes on F9 embryonic carcinoma cells. The absence of the
interacts with actin,J. Struct. Biol. 112, 3210.talin-binding site on vinculin reduced the stiffness and viscosity

17. Winkler, J., Luensdorf, H. & Jockusch, B. M. (1997) Energy-filteredof the entire cell by<20% and had a significant influence on
electron microscopy reveals that talin is a highly flexible protein

the ability of the cell to spread, adhere, and move [27]. These composed of a series of globular domains,Eur. J. Biochem. 243,
and our new results support the notion that talin (a) plays a key 4302436.
role as a mechanical molecular bridge in focal adhesions, (b)18. Zhang, J., Robson, R. M., Schmidt, J. M. & Stromer, M. H. (1996)
guides proper adhesion site formation, and (c) influences the Talin can crosslink filaments into both networks and bundles,Bio-
integrin-mediated locomotion and viscoelasticity of the cell. chem. Biophys. Res. Commun. 218, 5302537.
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