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The amino-terminal fragment of gelsolin is cross-linked to Cys-374 of
actin in the EGTA-resistant actin-gelsolin complex
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It has been shown that the EGTA-resistant actin, one of the iwo aclin molecules associuled to gelsolin, can be predominantly cross-linked to gelsolin
by benzophenone-4-muleimide (BPM). 4 photoaftinity-lubeling reagent, which was conjugated to Cys-374 of uctin prior to cross-linking (Do, Y..
Banba, M. and Verwut-Doi, A. (1991) Biochemistry 30, 5769-5777). When u chymotryptic digest of gelsolin containing the umino-terminal 15-kDa
fragment was mixed with BPM-actin (42 kDa) and irradiated for cross-linking, a bund of 58 kDu appeared on SDS-PAGE which was shown to
coniain actin molecule by using fluorescently lubeled actin, The amino-terminal sequence of ihe 58-kDu complex was identicul to that of gelsolin,
confirming that the amino-1erminal segment (residues 1-133) of pig plusima gelsolin lies closely to Cys-374 of uctin in the EGT A-resistant complex.

Gelsolin: Actini Actin binding proicin

1. INTRODUCTION

Gelsolin belongs to a group of the actin-binding pro-
teins that can sever F-actin and cap the barbed end of
actin filaments {l1]. It is encoded by a single gene and
expressed as a cytoplasmic form and a secreted form [2].
Both isoforms have identical functional properties al-
though the secreted form has additional residues at the
amino-terminal end (3,4]. Gelsolin consists of six re-
peated homologous domains, and limited proteolysis
dissects gelsolin in between these domains [5-8]. For
instance, in the presence of Ca*", chymotrypsin treat-
ment of human plasma gelsolin yields three actin bind-
ing fragments: the amino-terminal CT 17N [ragment
(the nomenclature according to Yin et al. [7]) forms a
1:1 complex with G-actin in a Ca-independent manner,
the CT 28N fragment binds to F-actin, and the CT 38C
fragment binds actin only in the presence of Ca**. In
spite of three actin binding sites manifested by the frag-
ments of gelsolin, intact gelsolin interacts with only two
actin molecules in the presence of Ca** forming an
actin—gelsolin 2:1 complex [9-11]. Removal of Ca** by
adding EGTA dissociates one actin molecule resulting
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in the formation ol an EGTA-resistant actin-gelsolin
1:1 complex [12-14]. To understand the molecular
mechanism of gelsolin function, it is necessary to eluci-
date how these three binding sites interact with two
actins. So far it has been found that CT 17N and CT
28N were close to the amino terminal segment of actin
[15.16] and CT 38C to the carboxyl-terminal segment
[16.17]). These observations, however, did not distin-
guish two actin molecules interacting with gelsolin.

Recently we showed that among the two actin mole-
cules associated to gelsolin only the EGTA-resistant
actin was eftectively cross-linked to gelsolin when ben-
zophenone-4-maleimide-actin  (BPM-actin) was used
{18). This finding provides a means to discriminate the
two actin molecules in the actin-gelsolin 2:1 complex
and enables 10 study a spatial relationship of the actin
molecules relative to gelsolin by a chemical cross-link-
ing method. In the present communication we identified
that Cys-374 of the EGTA-uclin is in proximity to the
amino-terminal CT 17N of gelsolin.

2. MATERIALS AND METHODS

2.1. Proteiny

Gelsolin was purified from pig plusma as described clsewhere [19].
The concentration of gelsolin wus determined by using &, = 1.16 x
10° M !-em ' [19]. The activity of gelsolin was delermined us described
previously £20). Actin from rubbit skeletal muscle was prepared by the
method of Spudich and Waut {21] and purified by Sephadex G-200
cihromatogriphy in G-bufler (2 mM Tris-HCl pH 8.0, 0.2 mM ATP,
0.2 mM CuCl., 1 mM NuN,). The concentration of delin was esti-
mated by using £+, = 2.66 x 10° M 'em ' {22}, BPM-aciin was pre-
pared according 10 Tao et al, [23] with a slight modification us de-
scribed previously [18].
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2.2, Limited chymotryptic cleavage of gelsolin

As deseribed later, Lhe susceplibility ol gelsolin 1o chymotrypsin wis
greatly affecled by Ca®; therefore digestion was carried out in the
absence und in the presence of Ca*'. To obluin 4 chymotryplic digest
to be used for cross-linking experiments, the digestion wus done with-
out Ca*'; gelsolin was treated with chymotrypsin in G-buller contuain-
ing 1 mM EGTA. Chymotrypsin treatment in the presence of Ca™ was
performed in 10 mM Tris-HCl pH 7.8,0.2 M NuCl, und 2 mM CuCl..
The mass ratio of gelsolin 1o protease was 100:1 in both cuses and the
incubation was carried out at 25°C. The reuction was terminated by
the addition of | mM phenylmethylsullonyl fluoride.

2.3, Fluoresvent fabeling of BPM-actin
BPM-F-Actin wis lubeled by NBD-Cl essentially aceording to Det-
mers et al, [24]. By this procedure most NBD should be incorporated

into Lys-372 since Cys-374 is already blocked by BPM. The degiec ol

labeling was typically 0.6.

24, Photo-cross-linking between BPM-actin and the chymotrvptic di-
gest of gelsolin

To gelsolin and its chymotryptic digest in G-buller containing | mM
EGTA and 0.4 mM MgCl,, CuCly wus udded 10 a final concentration
of 1.4 mM (o ensure the interaction between them. Then BPM-uclin
wus added to an actin/gelsolin ratio of 2:1 und incubated Jor 30 min
at room lemperature. To dissociale the Ca-sensilive actin from the
actin-gelsolin complex, EGTA wus then added (o a final concentia-
tion of 2 mM. After incubating for 3C min at room lemperature,
samples were illuminated for | h at 0°C by u long wavelength uliravi-
olet lamp for cross-linking as described elsewhere [ 18], Cross-linking
ol NBD-BPM-uctin was performed in the same manner except thal
the duration of exposure 1o the lamp was limited 1o 30 min in order
lo prevent excess pholo-bleaching of u fluorescence dye.

2.5. SDS-PAGE and Western blotting

To idenlify the cross-linked products, samples were prepared and
separated on SDS-PAGE using a gradient gel essentiully us described
by Laemmli [25]. The gel Lo be subjected to trunsblotiing lor umino
acid sequence analysis was stuined for 5 min with Coomassie blue,
destained and equilibrated by incubution in 0.1% SDS. 25 mM Tris
borate buffer pH 9.5, prior to electroblouting. Electrophoreti: trunster
to polyvinylidene diflucride (PVDF) membranes was carried out es
sentially as described [26] using the transfer buffer of 23 mM Tris-
borate pH 9.5, containing 20% methunol.

2.6, Amino-ucid sequence determination

The portion of PVDF membrane containing the inumobilized pol-
ypeptide, which could be identified by the co-udsorbed dye originally
bound to the polypeptide in the gel, was cul out und mounted in the
reaction chamber of the gas-phase sequenator (Applied Biosyslem)
equipped with an on-line high-performance liquid chromatography
column for analyzing phenylthiohydantoin derivatives of umino acids,

3 RESULTS

3.1 Chymotryptic digestion of gelsolin

Chymotrypsin treatment of human plasma gelsolin
yields three major fragments, CT 17N, CT 28N and CT
38C, in this order, to form the amino terminus [5-8).
When pig plasma gelsolin is digested with chymotrypsin
in the presence of Ca®* (Fig. 1, lane b), three main bands
of 47 kDa, 31 kDa and 15 kDa are observed, which are
corresponding to CT 38C, CT 28N and CT I7N, (CT
38C migrates with much siower mobilily on SD3-PAGE
than expected from its 47 kDa mass [7].) However, in
the absence of Ca®", gelsolin is cleaved exclusively into
two fragments, 15 kDa and 75 kDa (Fig. 1, lanes e-g).
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The amino-acid sequence analysis of the 15-kDa frag-
ment showed a sequence that matches the first four
amino-terminal residues of pig plasma gelsolin (Table
I) [4]. The first five residues of the 75-kDa fragment was
found to correspond to the residues 134-139 of gelsolin
(Table 1). Therefore, in the absence of Ca®" chymotryp-
sin selectively cleaves gelsolin at the peptide bond be-
tween residues 133 and 134, yielding the amino-terminal
15-kDa fragment and the carboxyl-terminal 75-kDa
fragment.

3.2, Cross-linking benveen BPM-actin and chymotrypiic
Sfragiments of gelsolin

Previously we showed that one of the two actin mol-
ecules associated Lo gelsolin was predominantly cross-
linked by BPM, forming a cross-linked actin-gelsolin
1:1 complex with apparent molecular mass of 130 kDa
(Fig. 1, lane h). Moreover, since the cross-linking oc-
curred even after removal of the Ca-dependent actin
from the actin—-gelsolin 2:1 complex, it was concluded
that the EGTA resistant actin is the one which is cross-
linked. When BPM-actin was incubated with the chy-
motryptic digest composed of the 15-kDa and 75-kDa
fragments (Fig. 1. lanes e-g) aad irradiated for cross-
linking, a band with a molecular mass of 58 kDa ap-
peared, its intensity being increased as the digestion
proceeded (Fig. 1, lanes i-k). The intensity of the 13-
kDa band in the presence of actin seemed to be less than
those without actin, indicating that the 15-kDa frag-
ment was consumed for the crosslink. The 58-kDa band
did not appear without illumination (data not shown).
From its apparent molecular mass the 58-kDa band
seems to represent a cross-linked complex between
BPM-actin and the 15-kDa fragment. If the speculation
is correct the sequence analysis should reveal the same
sequence as that of the I5-kDa fragment since the
amino terminus of actin is acetylated and is not availa-
ble for Edman degradation. The sequence of the 58-kDa
band was found to match to that of gelsolin (Table 1),
confirming that the 58-kDa band is in fact a cross-
linked product between BPM-actin and the amino-ter-
minal fragment of gelsolin.

3.3 Cross-finking between NBD-BPM-uactin and the 15-
kDa fragment

To ascertain that the 58-kDa cross-linked product
contains the actin molecule, actin was fluorescently la-
beled by NBD and the experiment was iepeated (data
not shown). The protein-staining pattern of the cross-
linked products with NBD-BPM-actin was essentially
identical to that obtained with BPM-actin (Fig. 1, lanes
i-k) although the amount of the 58-kDa cross-linked
product is considerably less, probably because the intro-
duction of NBD al Lys-373, nexi 1o Cys-374 to which
BPM is attached, somewhat impairs photocross-linking
reaction. Observation of the same gel under a ultraviolet
lamp shows that the 58-kDa band is indeed fluorescent,
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Fig. 1. SDS-PAGE patterns of chymotryptic fragments of gelsolin and their cross-linked complexes with BPM-actin. Lune a, gelsolin before

trealment with chymotrypsin; lane b, chymotryptic fragments of gelsolin digested in the presence of Ca®'; lune ¢, BPM-actin used for cross-linking:

lane d, gelsolin; lanes e 1o g. chymotryptic frugments of gelsolin digested in the presence of | mM EGTA for § (c), 15 (f) und 30 min (g) at 25°C;

lane h, cross-linked complex between gelsolin wnd BPM-acetin: lanes i 1o k. crossslinked products beiween the gelsolin digests (sume as those in

lunes e to g) und BPM-uctin. A 10-20% gradient gel wus used for samples in fanes 4 und b, and 4 6-18% gel for those in lanes clo k. G and A

indicate the bands corresponding to gelsolin and uetin, respectively. The numbers on the right of the punels show the migration positions of bands
with appurent moleculiar masses indicated in thousands.

confirming that it is a cross-linked complex between
actin and the amino-terminal 15-kDa fragment of gel-
solin.

4. DISCUSSION

The apparent irreversibility of one of the two uctin
molecules associating lo gelsolin has been well docu-
mented [12-14], and previously we showed that this
actin molecule (the EGTA-resistant actin) can be distin-
guished from the other by using BPM, a photo-sensitive
cross-linking reagent [18). The present study shows that
BPM-actin is conjugated to the amino-terminal frag-
ment (residues 1-133) of gelsolin, indicating that Cys-
374 of the EGTA-resistant actin resides within a dis-
tance of 9-10 A from the amino-terminal fragment of
gelsolin, The conclusion is consistent with the observa-
tions that CT 17N showed high-affinity Ca-insensitive
binding to G-actin [8] and that CT 17N retains Ca-
resistance to chelation by EGTA upon binding to actin
[27]. Otiier barbed end-capping proteins such as severin
[2B], Acanthamoeba profilin [29] and fragmin [30] are
also shown to bind at the carboxyl-terminal area, Re-
garding the sequence similarities at aclin binding re-
gions among the capping proteins, including probably
adseverin [31), it is tempting to generalize that the cap-
ping proteins bind to the carboxyl-terminal segment of
the actin molecule topologically equivalent to the
EGTA-resistant actin between the two actin molecules
found at the barbed end of un actin filament. It is worth

noting that the BPM-actin dimer composed of BPM-
actin and unlabeled actin which are covalenily conju-
gated by phenylenedimaleimide can be cross-linked to
gelsolin (unpublished results). Therefore, the topologi-
cally equivalent actin molecule can be defined as the
subunit which has Cys-374 freely available on an actin
filament since Cys- 374 of all the other subunits face
closely to Lys-191 of the successive subunit [32).
Sutoh and Yin [16] showed that the isolated carboxyl-
terminal fragment (CT 38C) of gelsolin was cross-linked
with the actin carboxyl-terminal segment (residues 356
375) by a zero-length cross-linking reagent, EDC. Since
the cross-linked product was observed only in the pres-
ence of Ca*, it is likely that CT 38C lies closely to the
carboxyl-terminal segment of the EGTA-sensitive actin.
Furthermore, we have shown that the amino-terminal
12 residues of both actinn molecules in the actin~gelsolin

Table |

Amino-terminal scquence analysis of chy-iotryplic fragments of gel-
sofint and the cross-linked complex with BPM-uctin

Cycle 15 kDa 75 kDa 58 kDa
frugment fragment complex
1 Val (935) Lys (446) Val (316)
2 Ser (256) His (89) Ser (109)
3 Pro (198) Val (963) Pro (129)
4 Met (180) Val (334) Met (74)
5 Pro (384) Arg (85)

The yiclds in pmol for each amino acid are given in parentheses,
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2:1 complex are in close contact with gelsolin [15], and
later it was found that in fact these residues were in
proximily to the amino-terminal fragments of gelsolin
(CT 17N and CT 28N) [16]. Summing up all these obser-
vations together with the one obtained in the present
study, the spatial arrangements of the segments partici-
pating al the contact region of the actin—gelsolin 2:1
complex are as follows; in the EGTA-resistant actin
both termini are in proximity to the amino-terminal
fragment (CT 17N) of gelsolin whereas in the EGTA-
sensitive actin the amino-terminal segment (residues 1
44) is close to the amino-terminal fragment (CT 17N or
CT 28N) and the carboxyl-terminal segment (residues
356-375) to the carboxyl-terminal fragment (CT 38C).
The spatial model of the actin-gelsolin complex pro-
posed by Pope et al. [33] fits to this view,

Acknowledgements; The aulhor (Y.D.) wishes to thank Drs, Domin-
ique Pantaloni und Marie-France Carlier (CNRS, Laboratoire d'En-
zymologie) for extending the hospitality of their laboratory during his
subbutical yeur (1991-1992), This study was supported by a grant from
Kyoto Women's University.

REFERENCES

| Stossel, T.P., Chaponnier. C.. Ezzell, R.M,, Huariwig, J.H.,

Janmey, P.A., Kwiatkowski, D.J., Lind, 8.E,, Smith, D.B,, South-

wick, F.S.. Yin, H.L. and Zaner, K.8, (1985) Annu Rev. Cell. Biol.

1, 353-402.

Kwiatkowski, D.J.. Mechl, R, and Yin, H.L. (1988) J. Call. Biol,

106, 375384,

3 Kwiatkowski, D.J., Stossel, T.P., Orkin, S.H.. Molg, J.E., Colten,

H.R. and Yin, H.L. (1986) Nulure 323, 455-458,

Way, M, and Weeds, A.G, (1988) J. Mol. Biol, 203, 1127-1133.

Kwiantkowski, D.J., Junmey, P.A.. Mole, J,E. and Yin, H.L. (1985)

J. Bio], Chem. 260, 1523215238,

6 Chaponnier, C., Junmey, P.A, and Yin, H.L, (1986} ). Cell Biol.
103, 1473-1481.

">

w

102

FEBS LETTERS

April 1992

7 Yin, H.L,, lida, K. and Junmey. P.A, (1988) J. Cell Biol. 106,
805-812.
8 Bryan, J. (1988) J, Cell Biol. 106, 1553-1562.
9 Yin, H.L. and Stossel, T.P. (1980) J. Biol. Chem. 255, 9490-9493,
10 Bryan, J, und Kurth, M.C. (1984) J. Biol. Chem. 259, 7480-7487.
1l Doi, Y. and Frieden, C, (1984 J, Biol, Chem. 259, 11868-11875.
12 Kurth, M.C. and Bryun, J. (1984) J. Biol. Chem. 259, 7473-7479,
13 Coue, M. and Korn, E.D. (1985} ). Bicl, Chem, 260, 15033-15041,
14 Janmey, P.A.. Chaponnier, C., Lind, S.E., Zuner, K.E., Stossel,
T.P, und Yin, H.L. (1985) Biochemistry 24, 3714-3723,

15 Doi, Y., Higushida, M. and Kido, S. {1987) Eur. J. Biochem. 164,
89-94,

16 Sutoh, K. and Yin. H.L. (1989) Biochemistry 28, 52695275,

17 Boyer, M., Feinberg, J.. Hue, H., Capony. J., Benyumin, Y. and
Roustan, C. (1987) Biochem. J. 248, 359-364,

18 Doi, Y., Banba, M. and Vertut-Doi, A, (1991) Biochemistry 30,
3769-5777.

19 Doi, Y., Kim, F. und Kido. S. (1990) Biochemisiry 29, 1392-1397,

20 Doi, Y., Hashimolo, T.. Yamuguchi, H. and Vertul-Doi, A. (1991)
Eur, J, Biochem, 199, 277-283.

21 Spudich, J.A. and Walt, S. (1971) J. Biol. Chem. 246, 4866-4871,

22 Houk, T.W. and Ue, K. (1984) Anal. Biochem. 62, 66-74.

23 Tuao, T.. Lamkin, M. and Scheiner, C.J. (1985) Arch. Biochem.
Biophys. 240. 627-634.

24 Deumers, P., Weber, A, Elzingu, M. and Stephens, R.E. (1981) J.
Biol. Chem. 256, 99-105.

25 Laemmli, UK. (1970) Nawure 227, 404427,

26 Towbin, H., Stachelin. T. and Gordon, 1. (1979) Proc. Nall, Acad.
Sui, USA 76, 4350-4354,

27 Way, M., Pope, B., Gooch, J.. Hawkins, M, and Weeds, A.G,
(1990) EMBO J. 9, 4103-4109.

28 Eichinger, L., Nocgel, A.A, and Schleicher, M. (1991) J, Cell Biol.
112, 665-676.

29 Vandekerckhowe, J.S., Kaiser, DA, and Pollurd, T.D. (1989) 1,
Cell Biol. 109, 619-626.

30 Sutoh, K. and Hatuno, S. (1986) Biochemistry 25, 435-440.

31 Sakurai, T.. Kurokawi, H, and Nonomura, Y. (1991) J. Biol.
Chem, 266, 13597915983,

32 Elzinga, M. and Phelan, 1J. (1984) Proc. Natl, Acad, Sci. USA 81,
6599-6602.

33 Pope, B., Way, M. and Weeds, AG. (1991) FEBS Lett, 280, 70-74,



