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Identification of functional domains in the cytoskeletal protein talin
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The cytoskeletal protein talin potentially plays a key role in actin—membrane linkage. It is able
to nucleate actin filament growth in virre while binding simultancously to lipid bilayers. Thrombin
digestion of human platelet talin yields two polypeptide domains of 200 kDa and 47 kDa. We have
purified these fragments and analyzed their functional properties: the 200-kDa fragment was active
in nucleating actin filament formation and reduced the viscosity of filamentous actin. comparable
to the effects of the intact protein. The 47-kDa fragment was inactive in this respect.

However. the 47-kDa polypeptide. but not the 200-kDa fragment. interacted specifically with
large liposomes containing acidic phospholipids. This is demonstrated by selective. hydrophobic
photolabeling of the 47-kDa fragment using phosphatidylserine liposomes containing trace amounts
of a photoactivatable phospholipid analogue and by selective co-sedimentation of this domain with
the liposomes. The 200-kDa fragment, whether alone or in conjunction with the small fragment,
neither incorporated significant amounts of label nor co-sedimented with the liposomes.

We thus are able to attribute specialized functions to distinet domains on the talin molecule.
These enable the protein to interact simultaneously with actin filaments and lipid membranes.

The cytoskeletal protein talin is thought 10 be a key pro-
tein involved in the assembly of actin—membrane linkage
complexes. as it is capable of interacting both with mem-
branes and with actin filaments [1]. Membrane interaction
may be mediated via binding to the cytosolic domain of
transmembrane receptors of extracellular matrix proteins. e.g.
integrins [2. 3], and also via direct interaction with acidic
phospholipids [4=7]. The latter interaction has been demon-
strated in vitre by a number of different techniques such
as differential scanning calorimetry and Fourier-transform
infrared spectroscopy [41. hydrophobic photolabelling [5].
microscopy of fluorescently labelled proteins and liposomes
[6] and analysis of lipid monolayers with the film balance
method [7]. Talin also interacts in virro with actin |5, 6, 8—
12] and with vinculin [13], nucleates actin polymerization [6.
10] and induces an increase in F-actin chain stiffness |14].
An important physiological role of talin has been confirmed
by in situ experiments showing that talin accumulates in
newly formed focal contacts of fibroblasts, concomitantly
with the formation of actin bundles, before detection of any
other adhesion protein such as vinculin [15]. Microinjection
of talin antibodies into spreading fibroblasts prevents further
spreading and migration of these cells [16]. In order to assess
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Abbreviations. 'H-labelled phosphatidylcholine analogue. 1-
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noyl}-sn-glycero-3-phosphocholine: '*I-labelled phosphatidyvicho-
Ime analogue, 1-palmitoyl-2-{decanedioyl-mono-[ 2-[ **TJiodo-4-(3-
irifluoromethyl- 3H-diazirin-3-yl)benzyljester | -sn-glycero- 3-phos-
phocholine:  Nbd-actin,  7-chloro-4-nitro-benzeno-2-oxa-1.3-di-
1zole —actin,

the physiological role of direct interactions with proteins and
acidic phospholipids. it is essential to determine specific
binding domains in talin and to identify the amino acid resi-
dues involved.

Talin forms antiparallel rod-like homodimers [17]:
electron microscopic pictures reveal a dumbbell-shaped mol-
ecule with an average length of 51 nm. This rod-like dimer
configuration agrees with predictions derived from Fourier
analysis of the talin sequence [18]. The dimer has been
shown to be functional in nucleating actin filament formation
[17]. Talin can be cleaved by calpain or thrombin into an N-
terminal fragment and a C-terminal fragment with apparent
molecular masses of 47 kDa and 190—200 kDa, respectively
[4. 19, 20]. It has been proposed that the 200-kDa fragment
contains binding sites for vinculin. integrins and actin [2. 9,
13. 21] but. except for vinculin [13]. the precise locations are
still Tacking. Muguruma et al. [9] presented some preliminary
evidence that the 200-kDa fragment binds to polymerized
actin by applying a centrifugation assay. Functional effects
of this fragment on actin polymerization have so far not been
investigated and little is known about the binding properties
and the functional role of the 47-kDa domain. According to
sequence analysis of the murine protein. the 47-kDa domain
shows similarities to the membrane-binding domain of pro-
tein 4.1 and ezrin [22]. Unexpectedly. in view of this. the
200-kDa. but not the 47-kDa fragment. was reported to in-
teract with integrins [2. 21].

We have now investigated lipid and actin interactions of
the two purified fragments generated by thrombin cleavage
of platelet talin and report on distinct functional properties
of the two domains. A preliminary report of part of this work
has been published in abstract form [23].
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MATERIALS AND METHODS
Materials

The "**I-labelled phosphatidylcholine analogue. 1-palmi-
toyl-2-{decanedioyl-mono-| 2-[ ' *“Tliodo-4-(3-trifluoromethyl-
3H-diazirin- 3- yl)benzyl|ester | - sn - glycero-3-phosphocho-
line. was prepared as described [24] with a specific activity
of 2x10° Ci/mmol. Phosphatidylcholine and phosphatidyl-
serine were obtained from Lipid Products (South Nutfield.
Surrey. England). Thrombin was obtained from Boehringer.
Mannheim.

Purification of proteins

Talin was purified from human platelets as described pre-
viously [10]. Actin was extracted from skeletal muscle ace-
tone powder [25] followed by a gel filtration step [26]. Pro-
tein concentration was determined as described by Bradford
[27] and purity was analyzed on SDS/polyacrylamide gels
[28].

Proteolytic cleavage of talin and isolation of fragments

Purified talin in buffer B (50 mM Tris/HCI pH 8.0, 3 mM
EGTA. 0.1 mM dithiothreitol) was digested by thrombin
(0.5 U/mg protein) at room temperature. After 40 min of di-
gestion. benzamidine (to a final concentration of 10 mM)
was added to the reaction mixture and the cleavage products
were separated by chromatography on an FPLC anion-ex-
change column (mono Q. Pharmacia Fine Chemicals) and
eluted by a linear gradient of 0—800 mM NaCl in buffer B.

Actin polymerization

Actin polymerization was measured as described. by
following an increase in fluorescence of a mixture of 95%
actin plus 3% tagged with 7-chloro-4-nitrobenzeno-2-oxa-
1.3-diazole—actin (Nbd-actin) [10]. Polymerization was
started in the absence or presence of talin or talin fragments
by adding F-actin buffer (2mM Tris/HCL. pH 7.5 at room
temperature. 0.2 mM CaCl.. 2mM MgCl. 0.5mM ATP.
0.2 mM dithiothreitol, 100 mM KCI. final concentrations).

Viscometry assays

The viscosity of actin solutions polymerizing in the ab-
sence or presence of talin or talin fragments was determined
by falling ball viscometry as described [26]. The final actin
concentration was 3 uM: actin polymerization was started by
adding G-actin to talin at a molar ratio of 3:1 in F-actin
buffer (see above). Low shear viscosity was determined after
a 30-min incubation at room temperature. Data correspond
to the mean of three determinations. The standard deviation
was maximally 10%.

Binding of talin and talin fragments to lipid vesicles

Phosphatidylserine or phosphatidylcholine (5 mg/ml)
were swollen in 20 mM Hepes pH 7.4, 0.2 mM EGTA for
3h at 42°C [29]. The vesicles were then centrifuged at
20000xg for 20 min at 4°C and the pellet was resuspended
in the same buffer at 5 mg/ml. Intact talin, a mixture of the
two talin fragments (0.15 mg/ml) or the purified 200-kDa
fragment were dialyzed over night against 20 mM Tris/HC]
pH 74. 0.1 mM EDTA. 15 mM mercaptoethanol. After cen-

trifugation at 20000 g for 20 min at 4°C and protein deter-
mination [27], proteins (0.15 mg/ml) were subsequently in-
cubated at room temperature for 15 min in the absence or
presence of liposomes (0.5 mg/ml), 50—100 pl total volume,
followed by centrifugation at 20000% g, 20 min, 4°C. Pellets
were solubilized in 100 pl sample buffer containing 1% SDS.
15% (by vol.) glycerol, 0.001% bromphenolblue, 50 mM
dithiothreitol and 62.5 mM Tris pH 6.8. Aliquots of the su-
pernatants (50—70 pl) were mixed with the corresponding
amount of the threefold-concentrated sample buffer. After
heating the samples at 95°C for 5— 10 min. they were applied
to SDS/polyacrylamide gradient gels [28]. The amount of
protein present in pellets and supernatants was quantified by
scanning the bands on Coomassie-blue-stained gels.

Hydrophobic photolabeling

Two types of liposomes containing the **I-labelled phos-
phatidylcholine analogue were prepared: sonicated small uni-
lamellar liposomes and large multilamellar vesicles. Both
small and large liposomes (in 20 mM Hepes and 0.2 mM
EGTA, pH 7.4) consisted either of phosphatidylserine or of
phosphatidylcholine and of 0.001% (by mass of total lipid)
of the '"“I-labelled phosphatidylcholine analogue (25000—
35000 cpm/1 pg total lipid). Small liposomes were prepared
as described previously [5]: the large vesicles were prepared
as described above.

Proteins were dialyzed against 20 mM Tris/Cl pH 7.4,
0.1 mM EDTA. 15 mM mercaptoethanol. followed by cen-
trifugation at 20000 ¢ at 4°C for 20 min prior to experi-
mentation. Photolysis and SDS/PAGE were performed as de-
seribed |5]. The Coomassie-blue-stained gels were dried and
exposed for 4—8 days to Trimax XM films (3M AG.
Riischlikon, Switzerland) at —70°C with intensifier screens.

Quantitative evaluation of labeling

Protein-containing slices were cut out from Coomassie-
blue-stained gradient gels. placed into 3-ml plastic tubes and
radioactivity measured in an LKB 1272 Clinigamma counter.
Background radioactivity obtained in the same lane was
subtracted from that of the protein-containing slices. To cor-
rect for unequal protein loading. the amount of protein in the
bands was evaluated by scanning the Coomassie-blue-stained
eels and comparing with defined amounts of protein.

RESULTS
Effect of talin fragments on actin polymerization

Limited thrombin treatment of human platelet talin re-
sults in the generation of two fragments of 200 kDa and
47 kDa, comparable to the effect of calpain on this protein
[19. 20]. We have purified both fragments by FPLC anion-
exchange chromatography (Fig. 1). Due 1o the extended puri-
fication procedure, a substantial part of the 200-kDa frag-
ment is further proteolyzed to a band of 180—185 kDa
(Fig. 1. lane 2). This is however of minor significance. since
the preparation containing this breakdown product still re-
tains the capacity to interact with actin. as shown in Fig. 2.
Preparations of intact talin and the 47-kDa fragment exhibil
only minor proteolytic breakdown products (Fig. 1, lanes
1.3). Actin (total concentration 3 uM) containing 5% Nbd-
actin was used to follow polymerization in the presence ol
absence of the purified 47-kDa or 200-kDa fragments. I
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Fig. 1. SDS/polyacrylamide gel of talin and purified talin frag-
ments generated by thrombin treatment. 2.5 pg purified talin
(lane 1), 200-kDa fragment (lane 2) and 47-kDa fragment (lane 3}
were applied 10 a 5— SDS/polyacryamide gradient gel. The
numbers on the left indicate molecular masses of standard proteins
in kDa.

control samples of pure actin. filament formation and fila-
ment elongation is expressed as fluorescence increase over
time (Fig. 2, Ab and Bb). Nucleation. indicated by a stable
fluorescence emission for approximately 50 s, is followed by
filament elongation indicated by a fluorescence increase. The
nucleation phase is drastically reduced when actin polymer-
izes in the presence of the 200-kDa fragment, and the initial
rate of polymerization is markedly increased (Fig. 2. Ba). In-
tact talin has comparable effects on actin polymerization as
measured with the same technique (inset in Fig. 2B) [10]. In
contrast. the purified 47-kDa fragment does not significantly
affect nucleation and the initial rate of polymerization
(Fig. 2. Aa). Representative individual traces out of three or
four reproducible runs are shown in Fig. 2 (A and B).

The specific interaction of the 200-kDa fragment with
actin is further supported by low shear viscosity measure-
ments of F-actin solutions under identical conditions. Actin,
polymerized in the presence of 200-kDa fragment. shows a
pronounced reduction m viscosity (Fig. 2C. column 4).
whereas the 47-kDa fragment does not affect actin viscosity
(Fig. 2C. column 2). Intact talin has the same effect on the
low shear viscosity of F-actin as the 200-kDa fragment
(Fig. 2C. column 3). These results were reproducibly ob-
tained with at least two different protein preparations. The
results with intact talin correspond well with previously pub-
lished data demonstrating that talin induces a marked reduc-
tion in low shear viscosity when present during actin poly-
merization. due to the production of short filaments [6, 8].

Interaction of talin fragments with liposomes:
co-sedimentation experiments

Tight interaction of talin with lipid bilayers was observed
in experiments using non-equilibrium conditions. that is. gel
filtration chromatography of complexes of talin with small
unilamellar liposomes. These experiments were performed as
described previously for vinculin and ¢-actinin [30]. We
found that 64—80% of talin co-elutes with the peak of phos-
phatidylserine liposomes appearing in the void volume, under
low salt conditions and (in contrast to large liposomes. see
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Fig. 2. Effects of talin and talin fragments on actin polymeriza-
tion. (A, B) Fluorescence traces of 3 uM actin. with 5% Nbd-la-
belled actin, polymerizing in the absence of talin fragments (curves
b} or in the presence of either 1 pM of 47-kDa fragment (A. curve
a) or 1 uM of 200-kDa fragment (B. curve a). Inset of B: polymer-
ization of 3 uM actin, with 5% Nbd-actin. in the absence (botiom
trace) and in the presence (top trace) of 1 uM intact talin (axes as
in B). Note that the 200-kDa fragment (B. curve a) induces a signifi-
cant reduction in nucleation time and increases initial rate of poly-
merization whereas the 47-kDa fragment (A. curve a) lacks these
effects. (C) The influence of imact talin (column 3). the 47-kDa
fragment (column 2) or the 200-kDa fragment (column 4) ina 1:3
molar ratio on the relative viscosity of 4 uM actin. A strong reduc-
tion of the relative viscosity of pure actin (column 1) is only ob-
tained when intact talin or the 200-kDa fragment is added: the 47-
KDa fragment has no effect.

below) also in the presence of 130 mM KCl and 1 mM
MgCl, (not shown). Talin thus interacts with much higher
affinity with small unilamellar liposomes than vinculin and
«-actinin, which dissociate from the liposomes during the run
[30].
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Fig. 3. The association of intact talin and of talin fragments with
large phosphatidylserine liposomes. Talin (lanes 1.2) or a mixture
of 200-kDa and 47-kDa fragments (lanes 3.4) or purified 200-kDa
fragment (lanes 3,6) were incubated in the presence (lanes 1.3.5) or
absence (lanes 2.4,6) of large phosphatidylserine liposomes under
low salt conditions. After centrifugation, pellets (p) and supernatants
(s) were analyzed on 5—15% gradient gels. Arrows indicate intact
talin, arrowheads the 200-kDa tragment and asterisks the 47-kDa
fragment. A significant co-sedimentation with liposomes was only
observed for intact talin and the 47-kDa fragment, but not for the
200-kDa fragment.

We have also tested the ability of intact talin and of talin
fragments to interact with lipids using co-sedimentation as-
says with large liposomes. A substantial fraction of intact
talin associates tightly with acidic phospholipids. as 67—
90% of total talin co-sediments with large phosphatidylserine
vesicles under low salt conditions (Fig. 3, lanes 1p. 1s: see
also [6]). This result was reproducibly obtained in four inde-
pendent experiments. Small amounts of talin (14 = 10%:
mean = standard deviation, n = 4) sediment also in the ab-
sence of lipid (Fig. 3, lanes 2p. 2s). After subtraction of the
latter values from those obtained in the presence of lipo-
somes., the amount of talin co-sedimenting with liposomes
amounts 10 62+ 11% (n = 4) of total talin. When 130 mM
KCI and 1 mM MgCl, are included in the medium. the
amount of talin binding to the liposomes is reduced 1o
14=3%. n = 3 (after subtraction of the amount of protein
sedimenting in the absence of liposomes). This amount cor-
responds 1o 24—-28% of the value obtained under low salt

conditions. In the same experiment. equimolar mixtures of

the 200-kDa and the 47-kDa fragments were incubated with
phosphatidylserine liposomes under low salt conditions
(Fig. 3, lanes 3p, 3s): 65—86% of the 47-kDa fragment se-
lectively co-sediments with the liposomes, whereas the 200-
kDa fragment is recovered almost completely in the superna-
tant. After subtraction of the amount of protein sedimenting
in the absence of liposomes. this corresponds to 65 = 14%
(n = 4) of the 47-kDa fragment, versus only 7*3% of the
200-kDa fragment. The purified 200-kDa fragment behaves
comparably to the fragment in the mixture: 12+£5% (n = 3)
co-sediments with liposomes under low salt conditions
(Fig. 3. lanes 5p, 5s). In comparison, 3% of a control protein.
bovine serum albumin, co-sediments with phosphatidylserine
vesicles under the same conditions. Note that the 200-kDa
fragment in the mixture shows little degradation. whereas
further proteolysis to a 185-kDa polypeptide appears to occur
during purification on FPLC mono Q columns. Neither frag-
ment binds significantly to liposomes (Fig. 3, lanes 5p, 5s).
Interestingly. in the presence of 130 mM KCI and 1 mM

MgCl,, binding of the 47-kDa fragment to the liposomes is
much less reduced than the binding of talin: 52*5% (n =
3) of the total 47-kDa fragment co-sediments with liposomes
under these conditions, corresponding to 67—100% of the
values obtained under low-salt conditions in the same experi-
ment. Liposome interaction is dependent on the presence of
acidic phospholipids since no significant sedimentation of in-
tact talin or any of the fragments was observed in the pres-
ence of phosphatidylcholine vesicles (not shown). The 47-
kDa protein fragment thus has retained the lipid-binding
properties of intact talin.

Interaction of talin fragments with liposomes:
hydrophobic photolabeling

Intact talin has been shown to insert partially into lipid
bilayers containing acidic phospholipids by using a photo-
activatable "H-labelled phosphatidylcholine analogue, 1-pal-
mitoyl-2-{ 11-[3-(trifluoromethyl-diazirinyl)pheny! |[2-"H]un-
decanoyl }-sn-glycero-3-phosphocholine, with the reactive
group on its apolar portion [5]. We have now used a iodin-
ated compound of comparable structure and properties, 1-
pulmiluyl—!—ldccancdi()_\‘I-monn-ll—l'3"[]indu—4—(3~lriﬂunm~
methyl-3H-diazirin-3 -yl benzyljester ) -su- glycero- 3-phos-
phocholine, to complement the lipid-binding studies and to
extend the investigations on the talin fragments described
above. As shown in Table 1, intact talin, when incubated and
photolyzed under low salt conditions in the presence of small
unilamellar liposomes containing phosphatidylserine and
wace amounts of photolabel. incorporates significant
amounts of radioactivity (0.14% of total label). comparable
to the results obtained with the ‘H-labelled analogue [5]. A
control protein, bovine serum j-globulin. under the same
conditions incorporates 0.01—0.03% of total label (Table 1).
Intact talin is also photolabeled when incubated in the pres-
ence of large multilamellar phosphatidylserine liposomes
(Fig. 4, lanes A.a: Table 1) although 1o a lesser degree. very
likely because much less lipid surface is available in this
system. and because liposome surface curvature is reduced
When an equimolar mixture of the two fragments is incu-
bated and photolyzed in the presence of large phosphatidyls-
erine vesicles. the 47-kDa fragment is selectively labelled.
dependent on photolysis. whereas the 200-kDa fragment does
not incorporate significant amounts of label (Fig. 4. lanes
B.b. C.c, D.d: Table 1). In the experiment shown in Fig. 4.
intact talin incorporated 64—84 cpm/10 pg protein. The 47-
kDa fragment generated from 10 pg intact talin incorporated
comparable amounts of radioactivity (70 cpm} whereas the
200-kDa fragment analyzed in the same lane contained only
Scpm. The 47-kDa polypeptide domain thus retains the
lipid-binding capacity of the intact molecule. Selective label-
ing of the 47-kDa domain was reproducibly obtained in three
independent experiments (Table 1).

In summary: both centrifugation experiments and photo-
labeling studies using large liposomes thus clearly demon-
strate that it is the 47-kDa polypeptide domain which
strongly and selectively interacts with acidic phospholipid
bilayers. when compared with intact talin.

DISCUSSION

We have presented convincing evidence that the two
polypeptide domains generated by thrombin cleavage of hu-
man platelet talin retain specific functions: the larger frag-



Table 1. Hydrophobu photolxbehng of mmct talin and talin
fr i Hydrophobic photolabeling
was perfon‘ncd using ellher small or large phusphmdv)\crme lipo-
somes under low salt conditions as described in Materials and
Methods and in the legend of Fig. 4. IgG was used as a control
protein. Indicated values correspond to the radioactivity incorpo-
rated into 10 pg purified protein. For the mixture of 47-kDa and
200-kDa fragments, radioactivity incorporated into the fragments
generated from 10 pg talin was measured: n.d. = not determined.

Liposomes Expt Photo- *1 incorporated into
lysis —o —
talin 1gG
cpm/10 pg
Small 1 + 1640 n.d.
2 + 1560 90
3 + 1320 210
Lipo-  Expt  Phowo- "1 incorporated into
somes lysis — - =
talin purified mixture
200-kDa  of fragments
fragment
47-kDa  200-kDa
cpm/10 pg
Large 4 Ea 6484 5 70 3
= n.d. nd. 1 5
5 + 25 13 23 5
= n.d. 0 4 0
6 + 305 n.d. 60 23
- 0 n.d. 6 0

ment (200 kDa) is responsible for actin interaction and nucle-
ation of filament formation, whereas the smaller fragment
(47 kDa) interacts with membranes.

The 200-kDa domain carries a net negative charge. is rich
in a-helix. exhibits a high content of hydrophobic and aro-
matic residues (40% ) and carries a highly charged C-terminal
region |18, 22]. We have presented evidence that this frag-
ment retains the capacity to interact with actin. as was al-
ready suggested by Muguruma et al. in 1990 [9], and hence
is capab]e of nuc le.mn«' actin filament growth and reducing
the viscosity of F-.n.un solutions by shorlenmu the average
actin filament length (Fig. 2). as does intact l.llm 14. 6. 8].
Talin, according to sequence analysis of the murine protein.
carries no typical actin-binding domain comparable to those
found in spectrin or ¢-actinin [22]: the amino acid residues
involved in actin interaction have not yet been identified.
Talin nucleates actin polymerization even in the presence of
bound vinculin, suggesting that the two binding sites may
not be closely adjacent [5].

For the 47-kDa subdomain, a pl of 8.43 was calculated
based on the sequence of the murine protein [22] and about
33% of its amino acids have hydrophobic or aromatic side
chains [22]. The 47-kDa domain does not interact with actin
but has retained the lipid-binding capacity of the intact mole-
cule, as demonstrated by its selective interaction with large
liposomes and by its selective labeling by a hlld\er-mm.ﬂed
photoactivatable lipid. Evidence presented for the physical
interaction of the 47-kDa fragment with liposomes agree well
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Fig.4. Hydrophobic photolabeling of talin and talin fragments.
Talin (lanes A.a) or a mixwre of 200-kDa and 47-kDa fragment
(lanes B.b, C,c) or 200-kDa fragment alone (lanes D.d) were incu-
bated with large liposomes consisung of phosphatidylserine and
trace amounts of the "““I-labelled phosphatidylcholine analogue for
15 min at room temperature under low salt conditions (0.15 mg/ml
protein: 0.5 mg/ml lipid). Samples A.a. B.b and D.d were pho-
tolyzed whereas sample C.c was not photolyzed prior to application
10 a 5—15% gradient gel. Lanes A—D. Coomassie-blue-stained gel:
lanes a—d. the corresponding autoradiogram. The arrow indicates
intact talin. arrowheads the 200-kDa fragment and asterisks the
47-kDa fragment. Intact talin and the 47-kDa but not the 200-kDa
fragment are labeled. dependent on photolysis.

with hydrophobic photolabeling, demonstrating that labeling
is indeed indicative of a close lipid bilaver interaction of the
fragment and does not occur in solution. The 200-kDa frag-
ment is neither labeled nor does it interact with large lipo-
somes when incubated together with the small 47-kDa frag-
ment (Figs 3 and 4). Talin thus definitely contains at least
one functional lipid-binding site in the 47-kDa domain. The
200-kDa fragment under less stringent conditions (small.
highly curved unilamellar liposomes) shows some capacity
to interact with lipid bilayers. as found with both hvdro-
phobic photolabeling and gel filtration chromatography (V.
Niggli and G. Isenberg. unpublished observations). This find-
ing may be due to the high content in hydrophobic and aro-
matic residues. Interaction of the 47-kDa fragment appears
to occur both via electrostatic and hydrophobic forces. as the
interaction is dependent on the presence of acidic phospho-
lipids and as labeling by lipid probes is indicative of partial
insertion into the lipid bilayer. The basic 47-kDa domain
may. in a first step. bind electrostatically to bilayers contain-
ing acidic phospholipids. followed by a secondary conforma-
tional change and insertion into the bilayer. Possibly mem-
brane insertion of this domain occurs in a manner compara-
ble to that of the enzyme prostaglandin H. synthase-1. Based
on X-ray crystallography, an amphipathic helix of this en-
zyme has been suggested to insert into only one leaflet of
the bilayer [31]. Interestingly. the 47-kDa fragment interacts
much better with liposomes at physiological salt concentra-
tions than the intact protein. suggesting that the 200-kDa do-
main has an inhibitory influence on the lipid interaction of
the small 47-kDa domain under these conditions. Possibly.
in situ mechanisms exist which could modulate this inhibi-
tion, such as reversible phosphorylation. Talin has been re-
ported to be a substrate of various kinases [1].

Amino acid residues 165—373 of the 47-kDa talin frag-
ment exhibit 20% identity with the N-terminal domain of
protein 4.1 which has been proposed to mediate membrane
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interaction of this protein [22]. Indeed. the 30-kDa fragment
of protein 4.1 which carries these similar sequences has been
shown to interact selectively with phosphatidylserine lipo-
somes [32]. a finding which could be correlated with our
results concerning the function of the N-terminal domain of
talin. The identification of two functionally distinct domains
in talin involved in (a) lipid and (b) actin interaction agrees
well with the notion that talin can nucleate actin filament
growth at the bilayer surface [6].

This may be of physiological relevance since talin ap-
pears to play an important role in initiating actin filament
growth in motile cell protrusions [15]. Direct bilayer interac-
tions could serve, on the one hand. to concentrate the protein
at the membrane in the correct orientation and, on the other
hand, to facilitate and modulate interactions with transmem-
brane receptors such as integrins [33]. It has been shown by
microinjection of fluorescently labeled talin fragments into
fibroblasts that both the 200-kDa and the 47-kDa subdomains
contain binding sites that direct these fragments to focal con-
tacts [34]. For the 200-kDa fragment, the relevant binding
sites may be provided by vinculin and integrins. However, it
is not vet known how the 47-kDa fragment is targetted to
focal contacts, since no specific protein-binding sites have
yet been identified. The lipid-binding site obviously would
not suffice to mediate accumulation in a specific membrane
site.

Other cytoskeletal proteins, e.g. ezrin. also exhibit a do-
main similar to the N-terminal domains of talin and protein
4.1 [22]. The N-terminal domain of ezrin, when transfected
into kidney cells. has been shown to locate specifically to the
dorsal plasma membrane. but lacks the capacity to interact
with the cytoskeleton which is retained by the C-terminal
fragment [33]. For ezrin. neither a lipid-binding capacity nor
partners for protein interaction near the plasma membrane
are yet known.

In summary : our results represent the first evidence for a
functional difference of the two major polypeptide domains
of the cytoskeletal protein talin. These two functions enable
the intact protein to interact simultaneously via its 47-kDa
polypeptide domain with lipid bilayers and via its 200-kDa
domain with actin. It will be important to investigate the
correlation between functional domains and ultrastructure. It
will also be necessary to identify the amino acid residues
involved in bilayer interaction of the 47-kDa domain. Such
studies offer the potential to directly examine the contribu-
tion of the lipid-binding domain to talin function in genetic
systems.
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