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Interaction of plasma gelsolin with tropomyosin
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Horse plasma gelsolin labelled with benzophenone-4-isothiocyanate cun be photochemically crosselinked to rabbit cardiae tropomyosin. The

cross-linking proceeds with greater efficiency in calciumcontaining bufTers. Further evidence for interaction between these proteins is provided

by retention of fluorescently labelled gelsolin on tropomyosin-agaross aflinity columns and by the ability of tropomyosin to causs an increase in
the fluorascence intensity of gelsolin labelled with fluorescein-S-isothiccyanate. Both of these offects require the presence of calcium lons.

Gelsolin; Tropomyosin

i. INTRODUCTION

Gelsolin is an actin filament severing, capping and
nucleating protein that exists both as a cytoplasinic and
as a secreted protein in vertebrates [1]. Morse plusma
gelsolin resembles other gelsolins in its chemical and
physical properties [2]. It is a globular protein with a
molecular mass of 80.9 kDa, calculated from its amino
acid compesition, assuming it to consist of 739 amineo
acids as does pig plasma gelsolin [3].

The primary function of gelsolin in plasma appar-
ently is to sever into short oligomers any F-actin fila-
ments that might appear there as a result of cell death
or injury [4,5]. If present, F-actin would increase the
viscosity of the plasma and could severely restrict blood
flow through microcirculatory vessels.

Tropamyosin (TM) is a rod-shaped protein com-
posed of two parallel e-helical polypeptide chains
vrapped around each other to form a coiled coil [6~8].
In skeletal and cardiac muscles, TM lies in a head-to-tail
manner along the grooves of F-actin filaments and
works with troponin to confer Ca?* sensitivity to muscle
contraction [9]. In non-muscle systems, the purpose of
TM is less clearly defined, but it is likely to be relevant
to stabilization of F-actin filaments [7].

2. MATERIALS AND METHODS

Horse plasma gelsolin was prepared as previously described [2],
Tropomyosin was prepared from both rabbit skelets} and cardiac
muscles [10]. Concentrations of proteins in stock solutions were deters
mined by absorbance measurements using a Perkin Eliner Lambda 4B
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spectraphotometer. Absorption coefficients of 1.4 mi-mg™-em™' (2} ut
280 nm for gelsolin and 0.345 mbmig™-em™' [11] at 277 nim for tro-
pomyosin were employed.

Gelsolin was labelled with the sulfhydrylselective fluorescent rea-
gent. acryladan (Moleculir Probes), as described for modification of
tropomyosin 13}, to the extent of between one and two acrylodans per
gelsolin, Three to five lysyl residucs on gelsolin were modifled with the
amine-sclective  fluorescent reagent  fluorescein-S-isothinecyanate
(FITC. isomer [, Molecular Probes) essentially as deseribed for mod.
ification of G-actin [13]. Approximately 2 mg of FITC in a minimal
amount of 0.1 M NaOH was added to a geliolin solution in 150 mM
KCl. 50 mM HEPES, | mM EDTA. pH 8.5, and sticred for 24 h in
a dark environment at 4°C. Unreacted FITC waus removed by dialysis
for 24 h aguinst 150 mM KCl. 25 mM Tris-HCl. | mM EDTA, pH
8.0, followed by gel filtration through a 1.3 x 45 ¢m column of Bic-Gel
P-2 (Bio-Rud Laborataries) equilibrated against the same bulfer. Re-
action of gelsolin with benzoplicnone-4-isothiocyante (BITC, Molecu-
lar Probes) was carried out us detailed for FITC, except BITC initially
was dissolved in a minimal amount of N, N-dimethyl-formamide, Mi-
crocentrifugation (1S min) to remove precipituted, unreasted BITC
was followed by exlensive dinlysis aguinst 25 mM Tris-HCl, | mM
EDTA, pH 80,

Solutions of BITC-labelled gelsolin were mixed with rabbit cardiac
TM in 25 mM Tris-HCI, pH 8.0, and cither 1.0 mM CaCl, or | .0 mM
EDTA. Solutions were placed into a jucketed 1 em path quartz cuvet
(Hellma) and cooled to 4°C using a circulnting water bath (Hanke),
Photolysis was conducted using u 200 W Mg arclamp (Osrum) and
a Corning #7-34 bandpass filter that cuts ofT light helow 250 and
above 400 nm. Aliquots of the misture were removed at various limes
and examined by SDS-PAGE [14].

A tropomyosin~agarose allinity matrix was prepared using rabbit
skelelal TM coupled to Aftigele15 (Bio-Rad Luboratories) according
to the procedure recommended by the supplier. The matriz was
pourcd into a § ml tneusuring pipette and equilibrated with 25 mM
Tris-HCI, pH 8.0, und cither | mM EDTA or | mM CaCl, at room
temperature. Fluorescently lubelled gelsolin was applied in the same
buffer until the column was saturated, as detected by the elution of
fluorescent gelselin, The column was washed with the equilibration
buffer until no luorescence was detectable in the eluant, A 0-500 mM
gradient of KCl in the equilibratian buff2r was applied to remove
protein that had adhered to the affinity matrix. The fluorescence of
the eluant was monitored with 8 Perkin Elmer LS-5B luminescence
spectrometer equipped with a circulating water bath (Haake), The
identity of the fluoreseent protein cluled was confirmed to be gelsolin
by SDS-PAGE.
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3. RESULTS AND DISCUSSION

BITC-labelled gelsolin can be photochemically cross-
linked to cardiac tropomyosin (Fig. 1). The appearance
of low mobility. high molecular mass bands on SDS-
polyacrylamide gels confirms that a complex can form
between gelsolin and tropomyosin in the ¢alcium-con-
taining buffer employed. When the buffer contained
EDTA in place of calcium, only trace amounts of the
cross-linked species could be detected (data not shown).

Gelsolin is labelled at multiple sites with BITC, so it
is likely that cross-links, if formed. would be made to
both chains of an adjacent TM molecule. The migration
of such u. entity on SDS-polyacrylamide gels could,
therefore. correzpond to a protein of M, equal to the
sum of the appurent M, values for gelsolin (90 kDa) and
two ¢-TM chains (33 kDa each). The lower band of the
high M, doublet observed in Fig. 1 for samples that
contained both gelsolin and TM corresponds to a pro-
tein of M, 150 kDa. This M, value has considerable
uncertainty associated with it, partly because the ratio
of bandwidth-to-distance migrated is great. and partly
because of possibly anomalous migration of a multiply
cross-linked complex that is expected to involve at least
three polypeptide chains. A sccond source of uncer-
tainty in Fig. | is the different banding pattern in the

Fig. 1. Photochemical cross-linking of cardiac tropomyosin with
BITC:labelled gelsolin, A 10:1 mole ratio of C-TM 1o BITC~gelsolin
was prepired in 25 mM Tris-HCl, | mM EDTA. pH 8.0, made up 1o
2 mM in CaCl,s and irradiated as described in the text. Aliquots were
removed at 15, 30, 45 und 60 min and 12 ! samples, eacl containing
4.9 ug of gelsolin, were subjected 10 SDS-PAGE (lanes 3-8, respse-
tively). Lane 1: a sample of BITC-gelsolin and C-TM that had not
been irradiated; it provides M, markers of 90 and 33 kDa. Lane 2: 3.6
g of BITC-gelsolin that had been irradiated for 60 min under the
same conditions as samples that contained both BITC-gelsolin and
™.
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30-90 kDa region of samples that contained both gel-
solin and TM when compared to the lane that contained
irradiated BITC-gelsolin alone.

To provide further evidence for complex formation
and to investigate the calcium-sensitivity of the interac-
tion, we next investigated the ability of gelsolin to be
retained by a tropomyosin-agarose affinity matrix. En-
hanced sensitivity in detection of gelsolin in low concen-
tration solutions was achieved using fluorescently la-
belled protein, Both FITC- and acrylodan-labelled gel-
solin were retuined by the affinity column only in the
presence of free Ca®. Elution could be achieved with a
salt gradient (Fig. 2). Confirmation that the ¢luted pro-
tein was gelsolin was provided by SDS-PAGE, which
resulted in a single fluorescent band at a pesition match-
ing that of unlabelled gelsolin when viewed after stain.
ing with Coomassie blue. The retention of gelsolin at
ionic strengths up to approximately physiological levels
suggests that the interaction may huve a biclogical func-
tion.

Further supporl for a Ca**-sensitive interaction be-
tween gelsolin and tropomyosin at physiclogical ionic
strength is provided by direct titration of FITC-labelled
gelsolin with tropomyosin. Treatment of this data as
described by Bagshaw and Harris [15] (Fig. 3) allows an
explanation in which two independent sites on gelsolin
bind TM. From the mole ratio of total tropomyosin-to-~
total gelsolin at the half-completion point of the titra-
tion, multiplied by the gelsolin concentration at that
point, the maximum possible dissociation constant for
each site is estimated bo te 0.6 4M.

The idea to look for an interaction between gelsolin
and tropomyosin arose from earlier studies in this labo-
ratory to charaaterize the interaction between tro-
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Fig. 2. Elution of FITC-labelled gelsolin from a skeletal tropomyosin-
agarose affinity gel. FITC-gelsolin was loaded onto 8 TM-aparose
column equilibsated with 25 mM Tris-HCl, | mM CaCl,, pH 8.0. The
column was washed with the equilibration bufTer until no fluorescence
was detectable in the eluant. A KCl gradient (0-500 mM) was applied
in the equilibration bufTer and 2 ml fractions were collected. The
fluorescence intensity at 520 nm of cach fraction was measured on
excitation at 490 nm at 25°C.
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Fig. 3. Titration of FITC-labelled gelsolin with skeletal tropomyosin,
The aspen trinngles are data collested on addition of a steck solution
of $-TM (24 uM) in 150 mM KCi, 28 mM Tris-HC. | mM EDTA,
pH 8.0, to a sample containing 0.25 uM FITC-gelsolin in the same
buffer. The data were corrected for dilution effects by dividing the
fluorescence intensity recorded for each sample by the fluorescence
intensity of an identical sample to which buller alone was added in
place af the S-TM solution. The closed triangles nre data collected us
dessribed above, but for samples in a buffer containing | mM CaCl,
in place of EDTA. Extrapolation of the two dushed lined to their
intersection [15) allows an estimation of two binding sites on gelsolin
for TM. Titrations were performed at 25°C, with 490 nm excitation
and 520 nm emission settings on the fluorometer,

pomyosin and another actin-binding protein, DNase [
[16]. Is it possible that interaction of tropomyosin with
other proteins that affect the stability of F-actin is a
general phenomenon? The results of this study with
plasma gelsolin contribute evidence for a positive an-
swer to this question. Perhaps in performance of their
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own actin-related functicns, such proteins are assisted
by an ubility to bind to tropomyosin. The Ca**-depend-
ent severing activity of gelsolin on actin can be dimin-
ished by tropomyosin [17]. Perhaps direct interaction
between gelsolin and tropomyosin is a part of this proe-
ess,
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