Al G S

EXPERIMENTAL CELL HESEAHRCH 199, 106-110 1 1992)

Physarum Vitronectin-like Protein: An Arg-Gly-Asp-Dependent
Cell-Spreading Protein with a Distinct NH,-Terminal Sequence

Kovomi Mivazaki, Takako Hamano, aND Masao HavasHl
Department of Biology, Ochanomieu niversety, Bundyvo-kw, Tokvo 112, Japan

A T0-kDa protein cross-reacted with anti-bovine vit-
ronectin was isolated from slime mold Physarum poly-
cephalum. The NH,-terminal amino acid seguence of
the protein, referred to as Physarum vitronectin-like
protein, did not share any homology with those of ani-
mal vitronectins. It had cell-spreading activity, which
was specifically inhibited by an Arg-Gly-Asp (RGIY-
containing peptide. © 19892 Academic Press, Ine.

INTRODUCTION

Vitranectin is a multifunctional glveoprotein in ani-
mal blood plasma. It promotes spreading of cells
through the Arg-Glyv-Asp (RGD) sequence located near
the NH,-terminus of vitronectin [1]. The cell-spreading
activity is competitively inhibited by RGD-containing
peptides [2]. Furthermore, vitronectin modulates the ac-
tivities of terminal immune complements [3] and hemo-
static enzyvmes |4, 5). It has a heparin-binding site to-
ward the COOH-terminus, which is cryptic in native
form but exposed afler treatment with 8 M urea |6, 7).
Based on this property, vitronectin is easily purified
from human plasma by heparin atfinity chromatogra-
phy in the presence of 8 M urea [8]. The procedure has
succeeded in purifving vitronectins from plasma or sera
of 14 animal species. The molecular weights of these
vitronectinsg range from 59 to 78 kDa. All of these vit-
ronecting have similar NH,-terminal sequences and
cell-spreading activity |9, 10].

Although knowledge of the structure and properties
of vitronectins from mammalian and avian hlood has
accumulated, nothing is known about vitronectin from
primitive organisms. Recently we have [ound a protein
that cross-reacted with anti-bovine vitronectin anti-
body even in slime mald Physarum polveephalum [10].
To know the general structure and funetion of the pro-
tein, Physarum vitronectin-like protein, we conducted
the isolation and characterization of it,

MATERIALS AND METHODS

P polveephatum. P palfveepholum mic roplasmodia were cultured
secording to Daniel and Rusch [11]. Briefly, microplasmodia were

"To whom correspondence and reprimt requests should be ad-
dressied

grown in a sterilized solution containing 1.5% bactotrypton (Difen),
0.22% yeast extract { Difco), and 1.5% glueose supplemented with sev:
eral inorganic ions and hemin in & shaking incubator ar 24°C,

fsedation of Physarum vitronecein. . P polyeephalum microplasmo
dia were collected from a densely grown eulture of 300 ml by centrifu-
gation al MM rpm for | min ot room temperature and washed twice
with 580 ml of 0.13 M NaCl, 5 mM EDTA, 10 mM 2-mercaptoet hanol,
and 20 mM Trs-HCl ipH 800, The microplasmodia were homoge-
nized with 150 m| af the above solution containing 1 mA phenylmet h-
visulfony] flucride by a glage homogemzer. After being centrifuged at
10 MM rpm for 10 man, the precipitate (TR5 mg proteind was sus-
pended with 140 ml of the homogenizing buffer contamng 0.53% Tn
ton X-100 for | b ar 47C. The Triton extract {138 mlb which had been
clarified at 10,000 epm for UHEmin was dialyveed agrinst 0,13 M NaCl, 6
mM EDTA, 08% Triton X-100, and 20 mM Tris-HCL (pH 800 to
remove -mercaptoethanol and incubated with a 40-ml slurry of anti-
hovine vitronectin -Sepharose 4B overnight a1 4°C. The slurry was
packed in o column and washed with 120 ml of 0.13 M Na(’l, 5 mM
EDOTA, and 20 mM Tris HCl ipH 500 with 0.8% Triton X-100 and
then with 400 ml of the same salution without (0.8% Traton X100
Bound proteins of approximately 550 ug were eluted with 0,13 M
Wall, i mM EDTA, 8 M urea, and 20 mM Trs HCl {pH 8.0). The
unbound fraction still contained considerable proteins to be bound to
the antibody- Sephorose. The remaining proteins were recovered by
repeated incubation and elution in the same way up to 10 times. The
vnal eluates lapproximately 5.5 mg protein) were pooled and dialyzed
aganst 000 M NaCl, 5 mM EDTA, 8 M urea, and 20 mM Tns-HCI
ipH A0 The dialvsate was loaded on a heparin-Sepharose 4B col-
umn {bed volume of 5 ml) and eluted with the same butfer contaiming
0.1 M NaCl. The eluate |approsimately (L85 mg proten) was pooled,
dialyzed, lvophilized, and separated electrophoreucally on SDS
polyacrylamide gels, from which approximately 40 pg Physaram it
ronectin-like protein was electroeluted

SIS - polvacrvlamide gel electropharesis 1 STS - PAGE ) and immiano-
blotting procedure, SDS-PAGE was performed according (o the
method of Lasmmb [12] vsing the proteins reduced with 5% 2-mer
captoethanol. Gels were stained with silver using Ag-stain DAIICHI
(Daiichi Pure Chemicalz), Ilmmunoblotting was carped oul as de
seribed previously |10, 13).

NHg-termenal amino acid sequence analysis. The eluate from hepa-
rin Sepharose chromatography was electrophoresed on S0S-paly-
acrvlamide gels which had been cast at least 1 dav in advance and
subjected 1o preelectrophoresis with an electrode buifer containing
0.1 mM sodium thioglyeolate for a tadical scavenger [14]. Proteins
separated on the gels were transferred to polyvinylidene diffuoride
membranes iBio-Hadl. Afier staining with 0.1% Coomassie blue
R-250, the membrane pieces blotted with Physarum vitronectin-like
protein were excised and subjected 1o NH -terminal microsequencing
analvaes with a Model 477A pulse liguid phase sequencer | Apphed
Binsystemsa) |14, 15].

Cell-spreading nssay. Cell-spreading activity was determined us.
ing BHK fibroblastic cells in Grinnell's adhesion medium {150 mM
MNaCl, 1 mM CaCly, 3 mM KCL 0.5 mM MgCl,, 6 mM Na.HPO,, and 1
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FIG. 1. Isolation of Physarum vitronectin-hike protein, Samples

of each purification step were elect rophoresed on SDE polvacryl
amide gels and then stained with silver for proteing (A or with anti-
howine vitronectin antibody (B The homogenate of Physarum mi-
croplasmodia (lane 1) was centrifuged ot 10,000 rpm for 10 min. The
pellet (ane 25 was mixed with 085 Triton X-1060, The Triton extract
ilane 3) was subjected to anti-vitronectin-Sepharose chromatogra-
phy, and the bound proteins were eluted (lane 4). The eluate was
separated with heparin-Sepharose column chromatography (lane 59
and then electroeluted from preparative SDS-PAGE gels (lane 6.
See Materials and Methods for details. The amounts of protemn ap-
plied on the gel were 16, 5.3, 1.4, 1, 0.7, and 0.47 pg in lane 1 -6 of (A)
and &0, 27, 7, 0, 0.7, and 047 gg in lanes 1-6 of (B), respectively,
Molecular size (in kDa)l is indicated at the lefi.

mA KH PO, pH 7030 [16]. Polvstvrene 96-well tssue culture plates
INune | were eoated with 50 gl of Phvsorem vitronectin:like protein,
human vitronectin, or bovine serum albumin at indicated concentra

tioms in the adhesion medium for | b et 3770, Unbound protein was
removed. HHK cells suspended in the adhesion mediem were added
to the wells {1 = 10* cells i 0.1 ml/wellb. After 80 min at 3770, cells
were fixed with phosphate-buffered saline contaming 2% glutaralde

hyde, 5% formaldehvde. and 5% sucrose and the percentage of spread
cells was counted under a mae roseope. Inhibition assavs by RGD-con-
toiming synthetic pepides were carried ol on the wells coated with 1
pipiml Physgrum vitronectin:hke protemn or human vitronectin,
GRGDS or GROESE peptides were added to the cell suspension on
the wells ot indwented concentrations,

RESULTS

Physarum vitronectin-like protein was detected in
whole homogenate of microplasmodia as one band with
a molecular weight of 70,000 (70 kDa) by immunoblot -
ting using anti-bovine vitronectin antibody (Fig. 1, lane
1h, This band was stained with neither the same anti-
body which had been preadsorbed with bovine vitronec-
tin [10] nor rabbit preimmune serum (data not shown),
The molecule was extracted and purified to homogene-
ity from P. polyeephalum microplasmodia through four
steps; extraction from the insoluble cell debris, immuno-
affinity chromatography, heparin affinity chromatogra-
phy, and electroelution of preparative SDS-PAGE.
After the last step of purification, Physarum vitronec-
tin-like protein preparations consisted of only one pro-
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tein band of 70 kDa on SDS-PAGE under reducing con-
ditions (Fig. 1A, lane &), which also strongly reacted
with anti-vitronectin antibody (Fig. 1B, lane 6). The
vield of Physarum vitronectin-like protein was approxi-
mately 40 pg from 300 ml of culture medium of Phy-
sarum microplasmodia which contained 2.2 g Physarum
proteins.

The 70-kDa band was not stained with both the same
antibody preadsorbed with bovine vitronectin and rab-
bit preimmune serum (data not shown). However, ho-
vine vitronectin blotted on the nitrocellulose membrane
was still stained by the antibody preadsorbed with Phy-
sarum vitronectin-like protein. This result suggests that
Physarum vitronectin-like protein shares some but not
all the epitopes on bovine vitronectin.

Although animal plasma vitronectin is a soluble se-
creted protein, Physarum vitronectin-like protein was
not detected in the conditioned medium. It was frac-
tionated in the insoluble cell debris (Fig. 1, lane 2) but
not in the soluble fraction of homogenate, Most vitro-
nectin-like protein became extracted with 0.8% Triton
X-100 {Fig. 1, lane 3), suggesting that it might be asso-
ciated or enclosed with membranes. Phyvsarum vitro-
nectin-like protein was bound to heparin at 0.01 M
NaCl, 5 mM EDTA, and 20 mM Tris-HCI (pH 8. in
the presence of 8 M urea (Fig, 2B, lane 2) and at 0.13 M
Na('l of the same buffer in the absence of 8 M urea (data
not shown . Thus, the heparin-hinding site of Physarum
vitronectin did not seem to take urea-dependent cryp-
lic-open conversion as those of animal vitronectins did
[6. 7, 17].

The NH,-terminal sequence of Physarum vitronec-
tin-like protein is shown in Fig. 2. The sequence of 20
amino acids from Physarum vitronectin-like protein
had no similarity to the NH,-terminal sequences [or an-
imal vitronectins |10, 18-20] and for all proteins
searched in the NBRF-FIR protein sequence database,
However, the NH,-terminal sequence was partially ho-
mologous with some intramolecular sequences of other
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FIG. 2. NHiterminal sequence of Phvsarum vitronectin-hke
molecule (1) and consensus NH,-terminal sequence of animal vitro-
nictins (20, Single letter amino acid abbreviations were used, In the
Sth, 12th, 15th. and 17th eveles of Edman degradation of Physarum
vitronectin-like proten, phenylthiohvdantoin derivatives of two or
four amino acids were detected as indicated. The consensus sequence
is deduced from the identical amine acids among more than 3 of 14
animal species, excepl for cvateine | 10]. Cvsteines at the Sth, 9th, and
18th residues in the consensus sequence are from human and mbbit
vitronecting | 18-20].
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FIG, 3. Cell-spreading activity of Physariem vitronectin-like pro-
tein. The spreading of BHE cells was measured on the wells coated
with each protein. Mhyvsarum vitronectin-like protein (), human vit
runectin {41, or bovine serum albamin (0 was allowed to coat the
wells ot indicated concentrations at 3770 for 60 min. BHK cells were
added into the wells and incubated at J37°C for 90 min. The percent-
age of cells spread was counted under a microscope,

proteins: rat cathepsin H near the COOH-terminus
(85.7-100% as for the first 7 amino acids) and Saccharo-
myves cerevisiae  dihydrolipoamide acetvitransferase
precursor near the NH,-terminus (60-65% as for the 20
amino acids).

We studied whether Physarum vitronectin-like pro-
tein had a cell-spreading activity as human vitronectin
did. Electroeluted Physarum vitronectin-like protein
was assaved for spreading of BHK fibroblastic cells. As
shown in Fig. 3, Physarum vitronectin-like protein was
efficient in mediating spreading of BHK cells in a dose-
dependent manner. Phyvsarum vitronectin-like protein
and human vitronectin induced a similar extent of cell-
spreading up to (.1 ug/ml. However, the activity of Phy-
sarum vitronectin-like protein never exceeded 55% even
at the high concentrations, whereas 80% spreading was
observed at 1 ug/ml of human vitronectin. The lower
efficiency was not due to SDS treatment during the puri-
fication of Physarum vitronectin-like protein, because
the cell-spreading activity of Physarum vitronectin-like
protein in the eluates from heparin-Sepharose chroma-
tography also showed 50% maximum cell-spreading ac-
tivity and was not influenced by the treatment with
SDS. The morphology of the cells spread on Physarum
vitronectin-like protein presented slightly less ex-
panded cyvtoplasm than that on human vitronectin
(Fig. 4).

RGD-containing peptides are known to compete with
vitronectin for binding to vitronectin receptors and they
inhibit RGD-dependent cell-spreading when added ex-
ogenously [2]. Accordingly, we examined the effect of
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FIG. 4. Morphology of BHK cells spread on Physarum vitronec-
tin-like protein (Ab, human vitronectin (B), and bovine serum albu.
min (). Each protein was coated at o concentration of 1 ug/ml. Bar.
1M} wm,

RGD peptides on Physarum vitronectin-like protein-
mediated cell-spreading. GRGDSP peptide inhibited
the cell-spreading activity of Phyvsarum vitronectin-like
protein as well as human vitronectin in a dose-depen-
dent manner (Fig. 5). In contrast, a control peptide,
GRGESP, did not significantly inhibit the cell-spread-
ing activity of both Physarum vitronectin-like protein
and human vitronectin at concentrations of up to 100
pg/ml. These results suggest the presence of a cell-
spreading active RGD sequence within Physarum vit-
ronectin-like protein, in common with animal vitronec-
tins.

DISCUSSION

Although almost all studies of vitronectin have been
carried out using human blood plasma vitronectin, we

Cell-spreading (%)

o Lyp——
o 08 4 20 100
Peptide (ug/mi)

FIG. §. Inhilition of cell-spreading activity of Physarum vitro-
nectin:like protein by RGD-containing synthetic peptides. Polvsty-
rene wells were coated with 1 gg/ml of Phyvsarum vitronectin-like
prowein (O, @) or human vitronectins (5, &) at 37°C for 60 min. The
cell suspension containing GRGDSP (0, A) or GRGESP (@, &) pep-
tides was added to the wells at the concentrations indicated and was
incubated at 370 for 90 min.
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have searched for vitronectin from primitive organisms
and have previously identified a Physarum protein
cross-reacting  with  anti-bovine  vitronectin - anti-
body [10].

The immunoblotting analysis for Physarum proteins
using the bovine vitronectin antibody revealed one band
having a molecular weight of 70 kDa under reducing
cunditions. The 70-kDa Physarum vitronectin-like pro-
tein was purified to homogeneity and characterized for
the first time in this paper. Physarum vitronectin-like
protein strongly reacted with anti-bovine vitronectin
antibody, but it was not detected by the antiserum
preadsorbed with an excess amount of hovine vitronec-
tin. Bovine vitronectin was still stained by the anti-
gserum which had been preadsorbed with an excess
amount of isolated Physarum vitronectin-like protein.
Theze resulis indicate that there are some but not all
common epitopes between Physarum vitronectin-like
protein and bovine vitronectin. There are other similari-
ties between Physarum vitronectin-like protein and an-
imal vitronectin. Both had similar molecular weights
and a strong affinity for heparin. Furthermore, they in-
duced cell-spreading, which was interfered with by an
RGD peptide.

However, Phyvsarum vitronectin-like protein had sev.
eral properties distinet from those of known animal
vitronectins. The NH,-terminal sequence of Physarum
vitronectin-like protein was totally ditferent from the
consensus sequence of animal vitronectins. [t was insol-
uble in the Physarum homogenate and recovered asso-
ciated with sedimental cellular materials, The heparin-
hinding site of the protein was not cryptic. In addition,
the cell-spreading activity was different; the plateau
level of cell-spreading activity was lower.

Hecently, Sanders ef al. [21] identified a 55-kDa vit-
ronectin-like protein in flowering plants with anti-hu-
man vitronectin, They also found that plant genomic
DINA hybridizes with human vitronectin cDNA probe.
Wasi et al. |22] also identified 14- to 17-kDa cell-spread-
ing proteins from porcine bone, which have cross-reac-
tivity with a monoclonal antibody to human vitronectin
and a polyclonal antibody to bovine vitronectin, From
these respects, Physarum vitronectin-like protein
seems to be a family of vitronectins which are similar
but not identical with mammalian or avian plasma vit-
ronectins, More definitive evidence will be needed to
identify the P"hysarum protein as vitronectin. It appears
to be important whether the intramolecular sequences
are homologous with these of animal plasma vitronec-
tins and whether the DNA sequence coding the Phy-
sarum vitronectin-like protein has structural similarity
with those of animal plasma vitronectins,

Physarum possesses neither a blood coagulation sys-
lem nor an immune complemental system as do verte-
brates. At present, it is not clear what the functions of
Physarum vitronectin-like protein in Physarum cells
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are. Physarum vilronectin-like protein was not secreted
into the culture medium and was fractionated into an
insoluble form without detergent. [t seems to be asso-
ciated with cell membranes or pooled in cell organelles.
When Physartim creeps on the ground or recognizes
other cells, it is possible to funetion as an anchor or as a
recognition site. Moreover, when Physarum is infected
by bacteria, it would bind bacteria as human vitronectin
does |23] and then scavenge nonimmunologically.

The RGD-sequence recognition is a universal cell-ad-
hesion system in a variety of living organisms [24]. The
function of this system has been reported not only in
vertebrates but also in the other organisms: embryogen-
esis in Drosophila melanogaster |25], cell aggregation of
Ihetyostelium discordeum |26), cell adhesion of human
immunodeficiency virus-1 transactivation protein, tat,
[27] and adhesion of plant cells to cell walls [28]. Our
data about the RGD sensitivity of Phvsarum vitronee-
tin-like protein reinforce the generality of the RGD-re-
cognilion system.
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