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ABSTRACT. The basic mechanism for the nucleating effect of gelsolin on actin polymerization is the
formation of a complex of gelsolin with two actin monomers. Probably due to changes in the C-terminal
part of gelsolin, a stable ternary complex is only formed aB{Ca 10-° M [Khaitlina, S., and Hinssen,

H. (2002) FEBS Lett. 52114—18]. Therefore, we have studied the binding of actin monomer to the
isolated C-terminal half of gelsolin (segments@) over a wide range of calcium ion concentrations to
correlate the conformational changes to the complex formation. With increasifig [@e apparent size

of the C-terminal half as determined by gel filtration was reduced, indicating a transition into a more
compact conformation. Moreover, €ainhibited the cleavage by trypsin at Lys 634 within the loop
connecting segments 5 and 6. Though the inhibitory effect was observed alreadyoiCED~" M, it

was enhanced with increasing [C§ attaining saturation only at 10~* M C&*. This indicates that the

initial conformational changes are followed by additional molecular transitions in the range sf 10
104 M [Ca?"]. Consistently, preformed complexes of actin with the C-terminal part of gelsolin became
unstable upon lowering the calcium ion concentrations. These data provide experimental support for the
role of the type 2 Ca-binding sites in gelsolin segment 5 proposed by structural studies [Choe et al.
(2002)J. Mol. Biol. 324 691]. We assume that the observed structural transitions contribute to the stable
binding of the second actin monomer in the ternary gelsedictin complex.

Gelsolin is an actin-binding protein that nucleates actin interacting with the C-terminal part of gelsolin is exchange-
polymerization and severs and caps actin filaments. All of able (L1). This implies that stable binding of the second actin
these properties are strongly Ca-dependent (for a recentmonomer in the ternary actin/gelsolin complex can be

review, see refl). At [Ca?"] <107 M, no gelsolin-actin associated with Ca-induced conformational changes in the
interaction has been observed. At~1610% M Ca&", C-terminal half of gelsolin. The Ca-induced structural
gelsolin undergoes conformational changes that are sufficienttransitions of the C-terminal half of gelsolin were evident
for at least one actin monomer to be bouBe-5). However, both from measurements of dynamic light scatteritg) (

a stable complex of gelsolin with two actin monomers is and from analysis of its crystal structurg3( 14). Analysis
formed only at [C&'] >10° M (5). This is in good of the structure of Ca-activated gelsolin in both the presence
agreement with the Gaconcentrations required for severing and absence of actin clearly showed that the major confor-
of actin filaments and nucleation of actin polymerizatién-( mational changes are all induced by Ca binding and not by
8). binding of actin (4—16). However, none of the sites

Gelsolin consists of six homologous domains (segmentsinvolved in this transition have been localized. Moreover,
1-6). In the ternary complex one actin monomer is bound the effects were registered at high calcium concentrations
in each half of the molecule (segments-3 for the (100uM), and no data about conformational changes of the
N-terminal half and segments— for the C-terminal half). gelsolin C-terminal half and actin binding at lower fCh
The two actin monomers bound are not functionally equiva- are available. Therefore, the aim of this work was to elucidate
lent. Although the structure of the N-terminal part of gelsolin  the interaction of the C-terminal half of gelsolin with actin
is modified by C&" (5, 9, 10), interaction of the actin  monomer in a wide range of €aconcentrations to correlate
monomer with the N-terminal half is largely Ca-insensitive, the Ca-induced conformational changes and the complex
whereas its binding to the C-terminal part was shown to occur stability.

only in the presence of €a(11). In addition, the monomer We show here, for the first time, that the susceptibility of
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PSAM buffer), and the concentration of [€in the mixture

-— 3 g was adjusted to 0.2 mM. Aliquots of the mixture (1,0D)

= s B = e were applied to the columns equilibrated with 0.1 M KCI,
TL45 — o = 10 mM imidazole, pH 7.0, and CaflEGTA at various ratios
T —a» —-lPe— ol S - _'mg and eluted with a corresponding buffer at a flow rate of 0.3

- - - mL/min.
2.4 v Limited ProteolysisTL45 (0.5 mg/mL) either alone or as
a complex with actin (0.5 mg/mL) was digested with trypsin
D 46567 8 9 30 31 32 33 34 35 36 37 38 39 at an enzyme:protein mass ratio of 1:5 at’22 At different

Ficure 1: Separation of the C-terminal half of gelsolin (TL45) by time pOi_ntS,' t_he digestion was stopped by addition of soybean
anion-exchange chromatography on a Mono Q HR 5/5 column. trypsin inhibitor, and the samples were analyzed by SDS

TL45 was separated from the N-terminal half of gelsolin as PAGE. Relative amounts of digested proteins were deter-
described in Materials and Methods. TL40 appeared in the wash mined by densitometric quantification of Coomassie Blue

of the column (fractions 59); TL45 eluted at approximately 220 : ; : .
mM KCl (fractions 35-38). stained gels using the program Phoretix (Molecular Dynam

ics).
loops around the Ca-binding sites, resulting in stabilization =~ SDS-Polyacrylamide Gel ElectrophoresiSDS-PAGE
of actin—gelsolin interaction. was performed using 15% acrylamid@.1% bis(acrylamide)

slab gels in the Laemmli buffer systerdQj.
MATERIALS AND METHODS Cross-Linking Experimentdg-or cross-linking of com-

Protein PreparationsRabbit skeletal muscle actin was ~Plexes between actin and the 29 kDa (segmentis)br 14
purified by the procedure of Spudich and Watt with an ~ kDa (segment 6) fragments with EDC, TL45 was cleaved
additional gel filtration step on Sephadex G-150 to remove With trypsin at an enzyme:protein mass ratio of 1:20 for 60
traces of actin-binding proteins. G-actin in buffer G (0.2 mm Min at 25°C, and the reaction was terminated by addition
ATP, 0.1 mM CaCJ, 0.4 mM g-mercaptoethanol, 5 mM  0f 2 mM TLCK. The digest (0.3 mg/mL) was mixed with a
Tris-HCI, pH 8.2, 1 mM NaN) was stored on ice and used 3-fold amount of actin in the presence of 0.5 mM CacCl
within 1 week. and incubated with 4 mM EDC for 50 min at 2& (21).

Gelsolin was isolated from pig stomach smooth muscle 1he reaction was stopped by the addition of the SPBGE
(18, 19) and stored as an ammonium sulfate precipitate in Puffer, and cross-linking products were analyzed by SDS

liquid nitrogen. Before use, the precipitate was dissolved in PAGE.

PSAM buffer (10 mM imidazole, 0.5 mM EGTAD.2 mM Polypeptide Sequence DeterminatioiL45 fragments
DTT, 2 mM NaNs;, pH 7.0) and dialyzed against the same after limited proteolysis were separated by SBFAGE and
buffer. transferred to PVDF membrane by semidry electroblotting.

The C-terminal half of ge|so|in (Containing ge|so|in The blots were tranSiently stained with Ponceau S, and the

segments 46, further called TL45) was obtained by limited bands of interest were cut out and subjected to automatic
proteolysis of gelsolin with thermolysiri®). Gelsolin (0.5- Edman degradation using a Knauer sequencer to obtain the
1.0 mg/mL) in PSAM buffer was activated by addition of N-terminal sequence of the respective polypeptides. To avoid
0.5 mM CaC} to obtain 0.3 mM CaGlin excess over EGTA,  misunderstandings, the numbering of the amino acids fol-
and the pH of the solution was adjusted to 7.2. Gelsolin was lowed that of Burtnick et al.Z2) for equine plasma gelsolin.
incubated with thermolysin at a weight ratio of 1:200 for Plasma gelsolin has an N-terminal extension of 25 amino
2—3 min at 25°C. The reaction was terminated by addition acids; therefore, the first amino acid of the porcine cyto-
of 10 mM EGTA. The precise time for optimal cleavage Plasmic gelsolin used here is Val 26.
was determined for each batch of thermolysin. Molecular Modeling and CalculationsThe program
The TL45 fragment was separated from the N-terminal Swiss-Protein Database Viewer, version 3.6, was used for
half of gelsolin by anion-exchange chromatography on a displaying and labeling the molecular structure of TL45. For
Mono Q HR 5/5 column (Amersham). About 5 mg of the modeling, the PDB files (1DONB, 1H1V) for equine and
digest was applied to the column equilibrated with HPLC human plasma gelsolins, respectively, were used from the
buffer containing 50 mM KCI, 1 mM MgG| 1 mM EGTA, data of refsl4 and22 assuming bona fide that the structure
0.2 mM DTT, and 20 mM imidazole, pH 7.0. TL45 was of porcine cytoplasmic gelsolin used in our experiments is
eluted from the column with a linear gradient of KCI (005  identical to that of equine and human gelsolin: In the relevant
0.4 M) (Figure 1). The peak fractions were concentrated and part of the molecule (segments-8) exchanges are present
dialyzed against PSAM buffer overnight. in only 12 positions. Since most of them are conservative
Gel ChromatographyAnalytical gel chromatography was ~ exchanges, we have neglected these differences for modeling.
performed using two columns of Superdex 200 HR 10/30 [C&*] in Ca/EGTA mixtures was calculated using the
(Amersham) mounted in tandem on a Pharmacia FPLC program EQCAL (Biosoft).
system. To prepare the 1:1 actin/TL45 complexes, 0.5 mg
of G-actin (in buffer G) was mixed with 0.5 mg of TL45 (in RESULTS

Partial proteolytic cleavage of gelsolin by thermolysin
! Abbreviations: DTT, dithiothreitol; EDC, 1-ethyl-3-[3-(dimethyl- initially yields two polypeptides with apparent molecular

amino)propyljcarbodiimide; EGTA, ethylene glycol isgminoethy)- \yassesof 45 and 40 kD&3), respectively. The 45 kDa

N,N,N',N'-tetraacetic acid; PAGE, polyacrylamide gel electrophoresis; ’ i .

SDS, sodium dodecy! sulfate; TLCK\*-tosyllysine chloromethyl fragment, called here TL45, represents the C-terminal half

ketone. of gelsolin or segments46. N-Terminal sequencing of




12840 Biochemistry, Vol. 43, No. 40, 2004 Khaitlina et al.
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FiGURe 2: Effect of C&" on the mobility of the C-terminal half of . ; P ;

- ; Ficure 3: Cleavage of the C-terminal half of gelsolin with trypsin.
gelsolin during gel chromatography on Superdex 200 HR./00 15 \1'71 45 in 1omM imidazole, 0.2 mM E(gTA, 0.2 mM I%/'?'T,
of TL45 (1 mg/mL) in 10 mM imidazole, 0.2 mM EGTA, 0.2 mM and 2 mM NaN, pH 7.0 (left part), or in the same buffer
DTT, land ZtHLM ";lr?gd'sz“Z'g (bﬁld line), or in g&;eTS:lThe' blyffer complemented with 0.2 mM Cag£lin excess over EGTA (right
comp eml_er(lj(i \t,\t,: i m agl_t;axtiezs O.‘t’ﬁro M K(Clmlcl)ne)M part) was cleaved with trypsin (Try) at an enzyme:protein mass
was applied 10 the columns equilibrated with . J m ratio of 1:5. Proteolysis was stopped with soybean trypsin inhibitor

imidazole, pH 7.0, and 0.2 mM EGTA or 0.2 mM CaCTThe (T1), and the samples were analyzed by SBRAGE at different
samples were eluted from the column with the corresponding buffer time points after addition of trypsin

at a flow rate of 0.3 mL/min.

. 1‘2 1 1 1 bl 1 1 1

isolated TL45 showed that the cleavage site for thermolysin 11 °
is at lle 387. The isolated fragment therefore contains 369 < 104 o  © . %:
amino acids, and its actual molecular mass is 40.4 kDa. = Pl k7]
Assuming that segment 4 starts at GIn 419, according to the 3 997 )
denomination of Burtnick et al2@), the isolated fragment @ 08 [ b
TL45 contains additional 30 amino acids of the loop § o7 i L &
connecting segments 3 and 4 (Figure 8). 5 086 o %

Analytical Gel Filtration of TL 45 in the Presence and 5 k 'S
Absence of C4. Previously, the Ca-induced conformational £ %% T E

. . : . 3 Y =

changes in gelsolin and its C-terminal half were shownto @ 04 - 9
be reflected in the decrease of the translational diffusion % 03 o %
coefficient of the molecules, suggesting major rearrangements @ 02 3 .g
in the folding of the polypeptide chaii?, 24). It may be = ' ®
expected that these structural transitions are also revealed d:" 01 &
by high-resolution gel chromatography. Indeed, under the 0.0 — T . — T
conditions of gel filtration as used here, the elution volume G 5 10 15 20 25 30 35 40 45 50 55 €0
of TL45 in EGTA was 30.2 mL, corresponding toka, of Ca® (M)
0.598, whereas in the presence of 0.5 mM GaClwas FIGURE 4: Comparison of the effects of €aon the susceptibility

increased to 30.8 mLKG, of 0.622) (Figure 2). These data of gelsolin and its C-terminal half (segments-@) to tryptic
show that, under Ca conditions, the apparent size of TL45 proteolysis. TL45 .(closed cirples).and gelsolin (opgn circles) were
is diminished most likely due to structural transitions, making gr%?)\(ﬁgswgptthrépézneassigdescer;ggllijr:n((t)h%:]egeﬂqdbg)ls'?%%rg Sh('?ieﬁ‘;'t"e%
the molecule more compact. Slmllz_irly,_ the modeling (Figure TL45 (closed sym%ols) wgere detern?ined )l/Jy densitometry gf the
9) shows that the EGTA conformation is more extended than coomassie-stained gels.
the Ca conformation. To further confirm this effect ofZCa
on the TL45 structure in solution, we have investigated its
effect on limited proteolysis with trypsin. Cleavage of TL45 with Trypsin at Different Ca Concen-
Cleavage of TL 45 with TrypsirBoth in the absence and  trations. As shown in both Figure 3 and the data presented
in the presence of Cagl|TL45 is cleaved with trypsin, in ref 10, the cleavage site at Lys 634 is much more
yielding two fragments of-29 and~15 kDa, respectively ~ accessible to trypsin in the absence of?Céhan in its
(5, 10) (Figure 3). After SDS-PAGE, the 15 kDa band was presence. Therefore, the disappearance of the TL45 band in
transferred to PVDF membrane, and its N-terminal amino the gel, accompanied by formation of the 29 kDa fragment,
acid sequence was determined as MDAHPP. In the knownwas used as a marker of Ca-induced structural transitions in
amino acid sequence of porcine gelso®®)(this sequence  TL45. Inhibition of the cleavage was observed already at
corresponds to amino acids 63640; therefore, the cleavage 0.1 uM C&*, was enhanced as [€3 was increased, and
site is between Lys 634 and Met 635. In the 3D gelsolin became maximal at about 100 Ca&* (Figure 4). Com-
structure 22), this site is located within the loop connecting parison of these data with the susceptibility of the whole
segments 5 and 6. Thus, cleavage of TL45 by trypsin resultsgelsolin molecule to trypsin (dotted line in Figure 4) indicates
in formation of segments+45 and segment 6. that the initial phase between 0.1 angil Ca?* is part of
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Ficure 5: Effect of temperature on the susceptibility of the
C-terminal half of gelsolin (TL45) to limited proteolysis with
trypsin. (A) 12uM TL45 at 12uM [Ca?*] was cleaved with trypsin

at enzyme:protein mass ratios of 1:10 at°22and 1:20 at 37C,
respectively. Proteolysis was stopped with soybean trypsin inhibitor,
and the samples were analyzed by SIPRAGE at the time points
indicated. (B) 12«M TL45 was cleaved with trypsin at an enzyme:
protein mass ratio of 1:10 and 2Z in the presence of 200M
[Ca™].

the general response of the gelsolin molecule, whereas highK

[Ca2"] produces an additional effect, specific for TL45. Thus,
the conformational changes that TL45 undergoes at 1D
Ca 2" are followed by additional structural transitions at
105-10* M C&.

Effect of Temperature on the Clesge of TL45 with
Trypsin.As reported previously4), Ca-induced activation

of gelsolin is sensitive to increased temperature, and involve-

ment of the tail helix latch in this regulation was suggested.
This raises the question of whether sensitivity of gelsolin
conformation to temperature is preserved in its C-terminal
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of TL45 on Mg-actin appeared to be stronger than on Ca-
actin (Figure 6B).

Figure 7 illustrates how cleavage of TL45 and actin within
the complex depended on [€4& The inhibitory effect of
actin was more prominent at low &a when TL45 is
efficiently cleaved with trypsin. Surprisingly, some inhibition
was observed even at [Edas low as 0.0uM (Figure 7A),
raising a possibility that TL45 may weakly associate with
actin even at very low Ca concentrations.

Stability of the TL45/Actin Complexed/hen equimolar
amounts of actin and TL45 were mixed at 2001 Ca?*
and subjected to gel filtration, a single peak eluted at a
position corresponding to a molecular mass~80 kDa.
SDS-PAGE of the peak fraction confirmed that, under these
conditions, TL45 forms a stable 1:1 complex with actin (data
not shown). Previously, we have used high-resolution gel
chromatography to show that even though ternary actin/
gelsolin complexes are formed at lower 2Cathey are
unstable unless [C4] is >10 uM (5). To analyze whether
at low C&* the actin/TL45 complexes remain stable, similar
gel filtration experiments were performed. Actin and TL45
were mixed in the presence of 20M Ca" at a 1:1 molar
ratio. Aliquots of the mixture were applied on Superdex 200
columns which had been equilibrated with buffers containing
different [C&"] given in Table 1. The availability coefficient
av Of the complexes in the presence of 200 Ca?" was
0.543, which was characteristic of a 1.1 actin/TL45 complex.
In the presence of 200M EGTA (C&" <0.01 uM), the
availability coefficient was 0.589, equal to that of TL45 alone
under these conditions. At intermediate {Qahe peaks were
as distinct as for either the actin/TL45 complexes or TL45
alone. However, the peaks were recovered at intermediate
elution volumes, giving the intermediakg, values shown
in Table 1. This difference can be accounted for by the fact
that at C&"<100 uM the preformed actin/TL45 complex
was no longer stable and during chromatography gradually

half. To address this issue, we compared the tryptic cleavagedissociated into TL45 and free actin. Since the dissociation

patterns of TL45 at 22 and 3TC. To normalize the trypsin
activity, trypsin concentration at 3T was two times lower
than that at 22C (26). Figure 5 shows that, in contrast to
a specific fragmentation of TL45 at 22, at 37°C the
cleavage site at Lys 634 within loops-6 was strongly
protected from proteolysis. This effect was observed in a
whole range of Ca concentrations applied (not shown).

seems to occur gradually during the run, the TL45 peaks
eluted later than the intact actin/TL45 complexes but earlier
than TL45 alone.

Hence the effect of Ca on the stability of the actin/TL45
complexes is similar to that observed previously on the
ternary actin/gelsolin complexeS)( However, stable com-
plexes of TL45 with actin were formed only at [€& of

Unspecific degradation of TL45 at the increased temperature~100 xM, indicating that formation of stable actin/TL45

did not allow quantitation of these data. Nevertheless,
qualitatively the temperature-promoted protection of loops
5—6 closely resembles the effect produced by A80Ca?*

at room temperature (Figure 5). This implies that both
increased temperature and fCacan produce similar rear-
rangements of gelsolin C-terminal segments.

Interaction of TL45 with Actin Probed by Limited Pro-
teolysis.TL45 has one functional actin-binding site and can
bind one actin monomerl(, 14). To reveal the effect of
[C&a2™] on this binding, limited proteolysis with trypsin was
used. In the presence of 2001 Ca*, actin caused further
inhibition of the cleavage within loops-% (Figure 6).

complexes requires higher [&4 than formation of ternary
actin/gelsolin complexes.

Interaction of the 29 and 14 kDa Fragments with Actin.
To reveal a role of different TL 45 segments in stabilization
of TL45/actin complexes, we have investigated the interac-
tion of the 29 and 14 kDa fragments from the tryptic digest
of TL45 with actin. As judged from gel filtration experi-
ments, no complexes with either of the fragments were
formed at [C&'] as high as 0.5 mM (data not shown). This
indicates that integrity of TL45 is required for stable binding
of the actin monomer to take place. These experiments do
not exclude, however, the possibility of weak binding of actin

Concomitantly, cleavage of actin at Lys 68 was accelerated.to the 29/14 kDa peptides. To reveal possible weak interac-
This confirmed the formation of actin/TL45 complexes. The tions, cross-linking of the putative complexes with EDC was
protective effect of actin did not depend on the type of performed. Figure 8 shows several cross-linking products
divalent cation, Ca&" or Mg?t, bound at its high-affinity in the apparent molecular mass range of88 kDa (Figure
cation-binding site (Figure 6B). On the other hand, the effect 8, lane 6) which are not present in the controls (Figure 8,
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TL45 TL45/Actin Actin Ca-actin Mg-actin
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Ficure 6: Effect of actin on the susceptibility of TL45 to proteolysis with trypsin. (Axd2 TL45 in 10 mM imidazole, 0.2 mM EGTA,
0.2 mM DTT, and 2 mM NaBh} pH 7.0, was mixed with 12M skeletal muscle CaG-actin in buffer G, and the concentration ofZCa
in the mixture was adjusted to 0.2 mM in excess over EGTA. The TL45/actin mixtures as welkd4 45 and 12uM actin alone were
digested with trypsin and analyzed as described in the legend to Figure 3. (B) CleavageMdfT1L25 in the presence of 12M skeletal
muscle Ca- or Mg-actin. Ca-actin was converted to Mg-ac§iralb min incubation with 0.2 mM EGTA/0.1 mM Mggl
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Ficure 7: SDS-PAGE showing the additive effect of actin and of different concentrations &f @athe susceptibility of segments-8

of gelsolin to proteolysis with trypsin. TL45, actin, and TL45/actin complexes were cleaved with trypsin as described in the legends to
Figures 3 and 5. Adjustment of &ain the solutions was made by adding different concentrations of {ta@.2 mM EGTA. The Ca
concentrations in panels A, B, C, D, E, and F wer@.01, 10, 20, 50, 100, and 20, respectively.

lanes 4 and 5), of which the lower ones might be complexes >10uM (5). Interaction of actin monomer with the isolated
of the 14 kDa peptide with actin. It seems plausible, N-terminal half of gelsolin is independent of €a(11).
therefore, that in the presence of high fdaactin forms an Moreover, there are apparently no major Ca-induced changes

additional weak contact with the 14 kDa fragment (S6).  in the conformation of the N-terminal half of gelsolin,
whereas a significant increase of the hydrodynamic volume
DISCUSSION of the C-terminal half was registeretl). We have therefore

Activation of gelsolin at 0.1 «M C&" involves opening suggested previouslyp) that binding of the second actin
of the molecule which allows one actin monomer to be bound monomer in the ternary actin/gelsolin complex requires
(2—-5). However, as we have previously shown, formation conformational transitions within segments-@ (the C-
of a stable 2:1 actin/gelsolin complex occurs only atfia  terminal half of gelsolin) taking place at high [€& To
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Table 1: Gel Filtration of Preformed Actin/TL45 Complexes at that the temperature-induced unlatching may be accompanied
Various [C&'] on Superdex 200 HR by further interdomain rearrangements.
[Ca2"] (M) Koy [C&*] (uM) Ko Calcium-driven rearrangements of segment§ 4an also
=001 0.598 50 0559 affect actin binding. !t is knoyvn_ that S%6 pmds one actin
10 0.583 100 0.543 monomer, and the binding site is located in S4 (for a recent
20 0.567 200 0.543 review, see refl). However, S4-5 binds G-actin 50 times

a A mixture (100uL) of actin and gelsolin at a stoichiometric ratio weaker than S46 and only_ at ?tror_‘g'y 'T‘Freased mh(z_S)'_ .
of 2:1 in 200uM Ca?* was applied to a set of 2 30 cm columns Moreover, in the polymerization inhibition assay no inhibi-

mounted in tandem. The columns were equilibrated with buffer tory effect by S4 was observed, indicating that the presence

Conta[ning the C&" concentrations given in the table and eluted at 0.3 of S6 is indispensable for high-affinity interactio28].

mL/min. Ka, values were calculated using the formida = (Ve — Analysis of the S46/actin crystal structurel1d) also

Vo)(V: — Vo)7%, whereV, is the elution volume of the componeiv .

the void volume, and/; the total volume of the column. SqueSt_e_d the appearance of the new 'nterfac_e between the
Ca-modified surface of segment 6 and actin. Such an

additional actin/S6 contact could account for the observed

cross-linking between actin and S6 and the higher stability

of actin/TL45 complexes in high [C&] as demonstrated in

- gg Egg our work.
— 57 kDa Binding of actin appears to produce additional transitions
— 52 kDa of the gelsolin structure. Interaction of actin monomer with
Actin _. — 48 kDa segment 6 unlikely causes steric |nh|b|_t|on of cleavage at
) .. . Lys 634 since the cleavage site and actin are located on the
. - - opposite sides of segments-@ (Figure 8). Comparison of

the segment46 crystal structure derived from the structure
of the S4-6/actin complex 14) with those for actin-free
29 kDa— —— - S4-6 (15, 16) reveals only a minor shift in the position of
loops 5-6 in the complex. We therefore suppose that a
significant effect on the accessibility of loops-6 shown

in our work is caused by actin-induced conformational
¥ kDa — — transitions that are stronger in solution than in the crystal

123 4 56 structure. Similar effects can be relevant for the whole

FIGURe 8: Cross-linking of actin with the 29 and 14 kDa fragments. gelsolin molecule. In the whole gelsolin, either Ca-free or

Actin (1 mg/mL) in buffer G was mixed with a 0.3 mg/mL 29/14 - .
kDa mixture in 10 mM imidazole, 0.2 mM EGTA. 0.2 mM DTT,  Ca-activated, the site between Lys 634 and Met 635 seems

and 2 mM NaN, pH 7.0, and the concentration of €ain the to be inaccessible for trypsirb) However, cleavage of
mixture was adjusted to 0.2 mM in excess over EGTA. Cross- gelsolin at the same site with formation of segmentH1
linking with EDC was performed as described in Materials and and segment 6 occurred upon actin binding (5). Moreover,
Methods. Lanes 33: controls, actin (1), TL45 digest (2), and  giapje hinding of a second actin monomer in ternary actin/
mixture of both (3). Lanes-36: the corresponding proteins after .
50 min cross-linking. gelsolm complexes was observed at lower @mhan
formation of stable actin/TL45 complexes. It is therefore
prove this hypothesis, we have isolated the C-terminal half tempting to speculate that binding of the actin monomer in
of gelsolin after proteolysis with thermolysin and analyzed the N-terminal half of gelsolin promotes Ca-dependent
its conformation and interaction with monomeric actin in changes in segments 5 and 6 which stabilize binding of the
response to Ca using the same approach as previously for second actin monomer which is known to be a cooperative
analysis of the whole gelsolirp). Our data showed that the process 29).
complex between the C-terminal half of gelsolin and actin  In turn, binding of TL45 apparently makes Lys 68 in the
is stable only at Cd >100uM, which correlates with the  nucleotide-containing cleft of actin more accessible to trypsin
conformational changes observed in this {Gaange. cleavage. This indicates that, in the actin monomer bound
The site cleaved with trypsin in TL45 is located in the to TL45, either the nucleotide-binding cleft is more open to
loop connecting segments 5 and 6 (Figure 9). In general, solvent (for a review, see r&80) or a structural transition of
exposure of the loop in the Ca-fre@3] and Ca-activated segments 6168 takes place. Interestingly, the crystal
(14—16) gelsolin segments46 is rather similar. Our data  structure of actin in the complex with gelsolin segment$4
show, however, that binding of €aresults in burying the  (14) differs from the known actin structure81—34), since
site at Lys 634, indicating a Ca-induced folding of loops it shows an unstructured region in amino acids-68 versus
5—6. These data are consistent with and confirm movementa -sheet in the other models. Although different resolution
of segment 5 to a new position, in which it establishes a of the different models does not permit a direct correlation
tighter association with segment 6, the shift that may result of our biochemical data with the structural information, these
from the replacement by calcium of a salt bridge between data correlate with a low nucleating activity of the C-terminal
Asp 565 and Arg 62915). Similar burying of the site at  half of gelsolin (data not shown). We have shown earlier
Lys 634 can be produced by elevated temperature. Previ-that binding of the whole gelsolin molecule and of its
ously, the temperature-dependent activation of gelsolin wasN-terminal half induced allosteric effects within the DNase
discussed only in terms of the taihelix—latch hypothesis | binding loop of actin and that this effect may be significant
(4, 27). Our results show that specific regulation of gelsolin for gelsolin-induced nucleation of actin polymerizati@®)
by temperature is preserved in its C-terminal half, suggesting The effect of TL45 on actin structure emphasizes again that
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Ficure 9: Structural model of the C-terminal half (starting from Met 412) of gelsolin containing segments 4 (orange), 5 (pink), and 6

(blue) either in the C&-free state (left) or in the presence ofCavith one

actin molecule bound to it (right). The data of Robinson et al.

(13) were used for the Ca-free model, and the data of Choe et d4)(were used for the gelsoliractin complex. For orientation, the
N-terminal amino acids are colored green, and the C-terminal amino acids are in red. The position of Lys 634, the cleavage site for trypsin,
is colored blue, and on the actin molecule, Lys 68 is colored purple. Please note that the Ca-free model ends at Ala 755, whereas in the

complex the gelsolin data end at Ser 742.
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