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Vitronectin diversity in evolution but uniformity in ligand binding
and size of the core polypeptide
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We solated vitronecting from the plasma or sera of 14 animal species including mouse and ral by hepanm affiniy chromatog-
raphy. They eross-reacted with amti-vitronectin antibody and their aming terminal sequences showed sirong homology, They also
promoted spreading of BHK cells and were bound to heparin and collagen in the same way, Therelore, these propertics appear
1o be gssemtial for vitronectin function. However, the apparemt molecular weighis of these vitronecting varied considerably from
o 78 kDa in sodiom dodecyl sulfate-polvacrvlamide gel clectrophoresis (SDS-PAGED In addition. the number of bands also
varied from | 1o 3, To search for the uniformity of vitronectin polvpeptide, vitronecting were deglveosylated and examined by
Ferguson plot analysis. The size of the polypeptide portion of vitronechims was estimated 1o range from 40 1o 57 kDa which was
1%-26 kD smaller than original values. Supposing a possible cleavage site at 5-13 kDa far from the carboxyl terminus, all
vilmmeetin polypeptides were speculated to be synthesized de nowve in the size range of 50-57 kDa. Proleins reacting with
antvitronectin antibody were also detected on the immunoblot of 13 more species including Drosophila and Physarum, Almost
all of these vitronectin-like proteins showed marked species-speaific varianons in their apparent molecular weights from 51 1o 9%

kDa in SDS-PAGE.

Introduction

Vitronectin {S-protein, serum spreading factor) is a
glycoprotein existing in plasma and connective tissues.
Vitroneetin promotes attachment and spreading of a
variety of animal cells onto substrata [1.2], and it scems
1 be the truc cell-attachment factor in animal sera for
Ussue culture (e.g.. fetal bovine serum) [3.4] 1t als
Modulates both actions of complements [5] and throm-
bin in blood (6-9]. Vitronectin is bound to heparin [10],
wllagen |1 112], plasminogen activator inhibitor 1
131415, g-endorphin [16] and scrotonin [17]. as well
# the integrins of animal cells [18] and platelets [19].
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The complete primary structure of human  vit-
ronectin deduced from ¢cDNA sequence indicates that
the molecular mass of the vitronectin core protein is 52
kDa [20,21]. On the other hand, analyses using SDS-
PAGE under reducing conditions have reported a much
larger molecular weight for human whole vitronectin
ranging from 75 [10,22] to 80 kDa [23]. Even consider-
ing a carbohydrate content of 5% [11] or 11% [24],
which corresponds to 4 or 8-9 kDa. there remains an
unsolved difference of 14-24 kDa concerning the
molecular weight of human vitronectin,

In the meantime, vitroneetins from human placenta
[10], human platelets [25] and animal plasma of horse,
porcing, bovine, rabbit and chicken [24,26,27] have
been biochemically characienzed partially, but almost
all knowledge of vitronectin has been based on the
study of human plasma vitronectin. Nothing about vit-
ronectin molecules from small laboratory ammals and
invertebrates has been reported. Therefore, the pre-
sent understanding of the vitroneetin molecule s al-
maost particular to human plasma vitronectin, To know
the essenee of the vitronectin molecule in the animal
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kingdom, bhiochemical characterization of vitronectin
from many kinds of animals is necessarv. For future
experimental analysis of vitronectin function in vive,
some kinds of tvpical small laboratory animals and
invertebrates should be included, because they are
obviously much more suitable than humans for mani-
pulation,

Recently we have developed a simple method 1o
purify vitronectin from human plasma [28] and have
succeeded in its application for five animal specics [24].
In line with these studies, this paper irst describes the
isolation or identification ol vitronectins from a variety
al living organisms, 27 species. including laboratory
small animals and invertehrates of mouse,  ral,
Drasophila and slime mold Physarem. The discrepancy
concerning the molecular weight of human vitronectin
i5 also resolved by both Ferguson plot analysis on
S5D5-PAGE and consideration of carbohydrate con-
lents.

Materials and Methods

Mlasma, sera and lring organisms

Plasma samples were obtained from human, bovine,
porcine, rabbil, guinea pig, hamster, rat, mouse,
chicken, goose and newt with sodium citrate as an
anti-coagulant. Dog plasma and hagfish serum were
kind gifts from [Dr. 5. Nakagawa (Nihon University
School of Medicine) and Dr. 5. Watabe (University of
Tokyo), respectively, Sera from fetal bovine, horse,
goat and sheep were tissuc-culture grades purchased
commercially, Blood from quail. finch Lonchura sirr-
aia, Japanese terrapin, Xenopus feacis, goldfish, seca
bream. loach, lamprey, bluc crab, prawn, octopus,
abalone, clam and ascidian were collected by cardiac
puncture and allowed to stand at room temperature for
2 h, then at 4°C overnight. After centrifuging at 9000 x
£ for 5 min, the supernatants, cquivalent to sera, were
used. Since some plasma and sera were diluted arbi-
trarily, plasma was converted to sera and the protein
concentrations of the sera were normalized by the
absorbance of 0,550 at 280 nm using a | cm-path length
cell at 1/100 dilution of the sera. to compare the vield
of vitronectin among species,

Small Iving organisms were incubated in a boiling
water bath for 5 min immediately after homogenizing
or mixing the whole bodies with SDS-sample buffer
supplemented with  proteinase inhibitors of 1000
units /ml aprotinin, 20 ug/ml leupeptin, 20 mM EDTA
and | mM phenylmethanesulfonyl fluoride. The living
organisms were: sea urchin  Hemicentrotus  pulcher-
rimus. sperms, eges and embryos at stages of blastula
and gastrula (Dr. S, Baba, Ochanomizu University),
Drosophila melanagastar, strain Oregon R, adults and
third instar larvae (Dr. 8, Chigusa-Ishiwa, Ochanomizu

University ), nematode Caenohabdutis elegans adulis (D
H. Kagawa, Okayama University), planaria aduolts (My
K. Ohto, Ochanomizu High School), Hyvidra magnipapil.
fara. strain 105, adults (Dr. T. Fujisawa, Natl. Insg
Geneties), sponge Ephvdatia fTuviarilis adults (Dr, v
Watanabe, Ochanomizu University), protozoa Tetrahy-
miena pyriformis {Dr. T, Miki-Noumuora, Ochanomigy
University), slime mold Physarum polveephalum, ster.
ilely cultured plasmodia (Dr. K. Murakami-Murofushi,
Ochanomizu University) and amoebae of cellular slime
mold  Dicrvostelium discoidem , vegetative and aggre.
gation stages (Dr. 8. Yumura, Yamaguchi University),
These materials were kind gifts from the persons whose
names and affiliations are indicated in the parentheses,

HepG2 cells

HepG2 human hepatoma cells were confluently
grown on a 60 mm dish in 4 medium of 909% Dulbeceo's
modified Eagle's medium and 105 fetal bovine serum.
After being rinsed extensively with PBS. HepG2 cells
were maintained in a 35 mm dish containing 2.5 ml of
serum-free medium of Dulbecco’s modificd Eagle's
medium supplemented with 10 nM sodium selenite,
The medium exposed 1o HepG2 cells was collected 72
h later. The remaining cells were rinsed with PBS
triplicate, solubilized in a final volume of 1 ml SDS-
sample buffer containing 0.1 M dithiothreitol, and
boiled for 5 min,

Purification of virronecuns

Vitronectins were purified from animal plasma and
sera according to our novel method [24.258] described
bricfly as follows, Sera passed through a heparin-Sep
harose column were supplemented with a final concen-
tration of 8 M urea. They were charged again on the
heparin-Sepharose affinity column in the presence of §
M wrea. Vitronectin was specifically bound to the col-
umn and was eluted with 0.5 M NaCl in the presence
of 8 M urca.

Anti-vitronectin antthodies

Polyclonal antisera against cach vitronectin from
humin, bovine, porcine and chicken were raised in
rabbits, respectively, as follows [29). 1-2 mg vit-
ronectins in 2 ml complete Freund's adjuvant were
injected subcutaneously. Approx. (.5 mg vitronectins '[H
I ml incomplete Freund's adjuvant were injected agan
4 weeks later. Blood were collected at day 10— 14 after
the final boost. 1¢G was purified from the sera through
precipitation with ammonium  sulfate  followed ™
DEAE-cellulose column chromatography. M4, moust
monoclonal antibody to human vitronectin, was a kind
gift from Iwaki Glass (Tokyo. Japan). M4 reacts wilh
vitronectin relatively independently of the species (24}



Collagen-binding assay

The collagen-binding activity of vitronectins was
evaluated as the amount of vitronectins bound o na-
wve type | collagen in an ELISA system as described
previously [12]. Bound vitronectins were allowed 1o
react with M4, which was detected by horseradish
peroxidase-conjugated  goat antibody  against mouse
1g(i. Bovine serum albumin instead of native type |
collagen and normal mouse 1gG instead of M4 were
used as control, respectively.

SDS5-PAGE and Ferguson plor analvsis

SDS-PAGE was carried out mainly according Lo the
method of Laemmli [30] and secondarily to the method
of Weber and Osborn [31]. The Lacmmli system was
composed of two gel layers: a stacking gel of 4%
scrylamide and a separating gelof 6, 7.5, 10, 12, 135 or
15% {w/v) acrylamide. The relative mobility (R} of
protein bands was measured as relative migration be-
tween the top of the separating gel and the front band
of bromophenol blue. The system of Weber and Os-
born was composed only of separating gel of 5, b, 7.5,
B.5. 1 or 12.5% (w/v) acrylamide without the stacking
gel.

The retardation coefficient (K ) was caleulated with
varying concentrations {T') of acrylamide using Fergu-
son's equation [32-34].
log R, =1log R, — KT
where Ry, was R, interpolated at T = (. The plots of
Ky versus molecular weights (M ) were done by curve
fitting.

M=a+bK,+K;

The standard proteins and their M, were 8-galacto-
sidase (116 kDa), phosphorylase b (94 kDa), lactoferrin
(80 kDa), bovine serum albumin (68 kDa), rabbit 1gG
heavy chain (50 kDa), ovalbumin (43 kDal, aldolase (40
kDa), thermolysin (34.4 kDal, carbonic anhydrase (30
kDa), a-chymotrypsinogen A (25.7 kDa) and soybean
trypsin inhibitor (20.1 kDa),

Western blotting

Western blotting was performed essentially accord-
ing to Towhin et al. [35). The proteins separated in
SDS-PAGE were electrophoretically transferred to a
nitrocellulose sheet with 5 mM sodium tetraborate for
B0 min at 150 mA in a semi-dry blotter Horize blot
(No. AE-6670, Atto, Tokyo, Japan). The nitrocellulose
sheet was blocked with 0.27% (w /v) skim milk in PBS.
The antigen was detected with a mixture of rabbit
Polyclonal antisera (dilution 1/1000) against each vit-
fonectin from human, boving, porcine and chicken. and
then incubated with the second antibody of goat anti-

body against rabbir 1gG (dilution 1 /15000, After fur-
ther incubation with the third antibody of horseradish
peroxidase-conjugated rabbit antibody against goat 1gG
tdilution | /1500), horseradish peroxidase bound to the
sheet was visualized with an incubation of 34 ug/ml
o-dianisidine and 0L01% H.O. in PBS,

Deglvcosvlation of vitronectin

All carbohvdrate chains of glvcoproteins were re-
moved by a simple procedure, which was a combina-
tion of three deglycosylation procedures described by 1
et al. [36], Fan et al. [37] and Thotakura and Bahl [38].
In the procedure, neuraminidase removes sialic acids,
glycopeptidase F removes N-linked sacchandes, and
endo-a-M-acetylgalactosaminidase  removes  O-linked
asialo-saccharides. Vitronectin (120 wl. Y pe) dialyzed
against buffer A (2 mM CaCl,. 0.2 mM EDTA and 50
mM sodium acetate, pH 5.6) was added to 40 gl of
buffer A containing U.4% f-mercaptocthanol and 2%
SDS. Alter incubation in boiling water for 3 min,
vitronectin solulion was added o 640 gl of buffer A
containing 0,1% #B-mercaptocthanol and 0.8% n-octyl-
B-v-thioglycoside. Neuraminidase Fibrio cholerae (5.1
gl 8.1 mU; Calbiochem. US.AL)L endo-u-N-acetylga-
lactosaminidase Afcarigenes sp. (5.1 pl, 18 mU; Seika-
gaku Kogvo, Tokyo, Japan), and glycopeptidase F
Flavobacterium  meningosepticum (608 upl. 1.4 LU
Bochringer Mannheim, Germany ) were mixed with the
above solution and incubated at 37°C for |6 h. To
collect vitronectin, the above solution was chilled and
added to 91 wl of cold 1009 trichloroacetic acid ar 4°C
overnight. After centnfugation at 9000 x g at 4°C for 5
mun, the precipitate was selubilized with 30 wl of 2-fold
concentrated SDS-sample buffer and the pH adjusted
with (L1 M NaOH 1o almost neutral, 1ts vol, was also
adjusted to 60 ul with distilled water and boiled for 5
min. A 20 wl sample of cach, contaiming 3 pg original
vitronectin, was applied on 5D5-PAGE and stained
with Coomassie blue or two kinds of lectins,

Deglycosylation of O-linked saccharides was alter-
natively performed with weak alkaline solution as de-
seribed by Florman and Wassarman [39], Vitronectin
was trealed with various concentrations of NaOH from
5 1o 100 mM at 37°C for 16h,

Lectin staining was performed on vitronectins trans-
ferred from SDS-PAGE gels onto mitrocellulose sheets
as described previously [40]. The sheets were blocked
with 2% bovine serum albumin and 0.05% Tween 20t in
005 M NaCl and 10 mM Tris-HCl {pH 7.5). Two kinds
of lectins. concanavalin A (Con A) of | ug,/ml and
peanut agglutinin (PNA) of 0.3 wg/ml, conjugated
with horseradish peroxidase (Seikagaku Kogyo, Tokyo.
Japan} were used to react with the shects al room
temperature for 1 h and visualized with o-dianisidine
and H.0O, as mentioned above. Con A detects N-lin-
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ked saccharides and PNA detects O-linked asialo-sac-
charides of vitronectin [24).

icher methonds

Cell-spreading activity was measured using BHK
cells by the procedure described previously [28] The
amino acid sequence from the amino terminus was
determined with a gas phase protein sequencer type
ATTA (Applicd Biosystems, Foster City, U.S.A) Two
bands cach of human and HepG2 vitronecting were
quantitatively  determined by two-dimensional  den-
sitometry on the Western blotted-nitrocellulose sheet
as deseribed previously [41).

Results

Vitronecting from mapumalion and avian hlood

We have recently developed a simple method to
punfy vitronectin from plasma or sera as a heparin-
hinding protein in the presence of 8 M urea [24.25],
The method was applied to purify vitronectin from
human. rabbil. mouse, rat, hamster, guinea pig, dog.
horse. porcine, biwvine, goat. sheep. chicken and ZO0sE,
These species were all of those from which we could
obtain more than 20 ml plasma or sera. From all of
them without exception, particular proteins {(vitroneg-
tins as are evident from below) were purified as a
heparin-hinding protein, of which the SDS-PAGE pai-
terns are shown in Fig. 1A. There appeared 1-3 bands,
of which the molecular weights ranged from 59 to 78
kDa as shown in Table 1. A heparin-binding protein

TABLE 1

Punficatian yreld and molecular weights of aeimal vitronecting

from fetal bovine serum of tissue cullure grade wys
similar to that from bovine adult plasma in SDS-PAGE
{data not shown ).

All the heparin-binding proteins, vitronectins, had
collagen-binding activity. All vitronectins promoted the
spreading of BHK cells at hall-maximal concentration
of approx. 0.1 gg/ml. The morphology of the spreag
cells on the vitronectin-coated dish was indistinguish.
able from that on an authentic human vitronectin-
coated dish. Each vitromectin gave essentially a single
aming terminal sequence with similar yields of aming
actd in cach step (Table ). The proteins had aming
terminal sequences homologous to that of authentic
human vitronectin [20,21.42], The rabbit vitronectin
showed the same sequence deduced from rabbit vil-
ronectin ¢DNA [27]. Further, all of the bands in Fig
1A reacted with a mixture of polyclonal anti-vitronec-
tin antisera on the Western blotting. On the Western
blotting using whole plasma or sera, the same bands as
in Fig. 1A were also detected, The only two exceplions
were another upper band (80 kDa) in some mouse sera
and another lower band (65 kDa) in chicken plasma.
Thus, purified vitronectins seemed to be almost intact
in their sizes and not considerably degraded during the
purification steps.

Interestingly, there were three kinds of marked
species-specific variations of vitronectin.  Firstly, the
molecular weights of vitronectin varicd considerably
from 39 1o 78 kDa in SDS-PAGE at 7.5% acrylamide
under reducing conditions in Fig. 1A, depending on
the species (Table 1), Secondly. the vield of vitronectin

Speoies Yield * Molecular masses (kDab
tmgh (a) (h) tchcarhoby - {d) ic) 1) carbehy- (g) carbohy-
mact ** deglven- drate moiety Fergusom Ferguson drate moicty drine
sylated = * fa}=1{bd plosts aof (a} plots of (b td) - fe) moety YT
Human 31-54 Tty b &7 /59 q 59750 52 /a4 7 n
Rabbgi h7=-R.b 3.3 bt 10 53 43 1] ]
Muouse 3u-59 (5071 il 11 Sh dn i[1]
Ran bA 73 50 14 il 4h 4
Hamsier b5 Tl fil 8 57 449 N
Ciuinen pig 24-12 it (7] 5 Rk | 48 4
Doy 050k 163 vl /50 7 AR50 50,42 P
Horse 1.3-20 7504 71,561 34 (2 /50 57744 S-h
Porcine 2A-44 54 54 5 44 ET] 4 5
Bovine 1.5-4.1 TR/ 69 b /54 Ji fd /55 52043 12 11
il 21 5t 655 w-12 H5-53 52-44 u_13
Sheep 1.5-149 T8 -nS hfy=55 B-12 h5-53 52-44 g_]3
Chicken S.0-K4 005 (e h Sh &0 b 7
Lagw g 94 71 9 12 57 47 11}

B

* The yield presents the amount of vitronectin solied from 100 ml equivalent of serum, of which the absorbance st 280 nm at I/ 1K) hilution

was sormalized 1o 4550 using o 1 om path length cell.

=+ Values are of vittonectin bands in SDS-PAGE mt 7.5% ascrylamide stained with Coomasie blue. except those in parentheses which are

detected only on Western blotting of whole sera or plasma,

*** Values are recalculated from o previous report [24] using new molecular weights oblained by Ferguson plon analysis
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Fig. 1. 5D5-PAGE of the heparin-binding proteins (sitronectins)
from [4 ammal plasma and scria. The heparin-hinding proteins were
solated ftrom a vanety of amimal plasma or scra b heparin affininy
chromatography (see Matenals and Methods for details), They were
examined m 505 PAGE wang 757 tw /v) acrvlamide in the separa-
g gel after chemical reduction. Protemns i the gel were staned
with Cimemuesabe Plue. Siee markers On kDalare shown on the el A
mtact vitronecting. B vitronedtins deglyemylated under the condr-
tions of Fig. 2, Line 4 An upper band in panel B s endoar-N-
acetylgalactosaminidase

per 10 ml cquivalent of serum ranged widely {from 015
w 9.4 mg, also depending on the species (Table 1) A
high yicld of more than 6 mg vitronectin from a 100 ml

TABLLE 1l

Amunio-terminged weting gond sequences of ammal cirenectins

fl

cquivalent of serum was obtained from rabbit, rat,
hamster, chicken and goose. In contrast. dog, horse,
goat and sheep resalted in a low yigld of less than 2.1
mg. The viclds from human, mouse, guinea pig, porcine
and bovine were in between these values. Lastly, the
number and proportion of bands in SDS-PAGE scemed
1o be species-specific. Vitromeeting from human, dog,
horse and bovine displaved two bands in SDS-PAGE
and Western blotting. Mouse and chicken vitronectins
showed one band in SDS-PAGE, but another weak
band appeared on the Western blotting, Goat and
sheep vitronecting were composed of three bands, All
of the other animal vitronectins had one major band,

Deglveosylation of ritronectins

Vitronectin is a glveoprotein with both N. and O-
linked carbohydrates, and there are striking specics-
specific variations of the carbohydrate composition [24),
Tu compare the size of viltroneelin core polypeptide.
vitronectins were deglycosvlated with neuraminidase,
endo-g-N-acetylgalactosaminidase and  glyeopeptidase
F. Fig. 2 shows a typical result of sequential deglycosy-
latiom using rabbit vitronecun which is known to have
both N- and O-linked saccharides [24]. Intact wvit-
ronectin (lane 19 was Con A-positive butl PNA-nega-
tive, suggesting that il possessed both N-linked and
stalifated O-linked saccharides. Neuraminidase-treated
vitronectin tlane 2) was PNA-positive, indicating re-
moval of sialic acids, Further treatment with endo-a-
M-acetylgalactosaminidase (lane 3) made it PNA-nega-
tive. suggesting removal of all O-linked  asialo-sag-
charndes, Then, glycopeptidase F treatment (lane 4)

Ammo goid sequences were determined with & prodein sequencer. Oysfeins in the vitronectins were ool identified, Small letters are slightly

Quesinable, Enclosurcs indicate homidlogy among specics
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Fig. 2. Deglvoosylation of rabbit satronectin Boibed rabbi vitronectin
(3 pgh Oane 10 was deghyoosylated with newramimdase {(lane 2,
neuraminidase and endo-o-N-acetylgalactosaminidase (lane 35, and
neuraminidase, endo-a-N-acctvlgalaciosaminidase and gheopepti-
dase F (lane 4) (see Matenals and Methods for details). OB
(Coomassie blue} stained for protem m the gel of SDS-PAGE ar
5% acrylamide. Con A {eoncanavalin A) and PNA (peanut lectin)
stained for the carbohydrate moiety of vitronectin on a nitrocellulose
sheet bloted after SDS-PAGE. An vpper band in lanes 3 and 4 is
endo-n-M-acetylgalactosaminidase. Size markers {in kDa) are shown
on the left.

made the vitronectin Con A-ncgative, indicating re-
moval of all the N-linked saccharides. An upper band
in lanes 3 and 4 was identified as endo-a-N-acetylga-
lactosaminidase. During  deglycosylation steps, the
molecular weights of rabbit vitronectin changed from
B, 66, 64 and finally to 58 kDa in SDS-PAGE. Thus,
the carbohvdrate mass of rabbit vitronectin was esti-
maled to be 1 kDa, which was in good agreement with
the 11 kDa estimated from previous chemical analysis
of the carbohydrate composition [24].

Fig. 1B shows the SDS-PAGE patiern of the 14
vitronectins after the enzymatic deglyeosylation. All 14
deglveosvlated vitronectins were stained with neither
Con A nor PNA except for weak staining of guinea pig
and chicken samples with PNA. suggesting thal some
O-linked saccharides remained. Florman and Wassar-
man [39] succeeded in alkali deglycosylation of the
O-linked saccharide of ZP3 with § mM NaOH a1 37°C
for 16 h without practical peptide degradation. Under
similar conditions using 5100 mM NaOH, the O-lin-
ked saccharide of chicken vitronectin was, however,
not removed without peptide degradation. The inten-
sity of PNA staining was so weak that the sizes of the
remaining carbohydrate of guinea pig and chicken de-
glycosylated vitronectins could probably be neglected
in the following analysis. All the vitroneetin molecular
weights, therefore, decreased with the enzymatic degly-
cosylation by 3-14 kDa in SDS-PAGE at 7.5% acryl-
amide, depending on the species (Table 1). The esti-
mated sizes of the carbohydrate moiety were in good

agreement with the sizes esumated from  previogs
chemical analysis [24].

Ferguson plor analvsis of vitronecting

Purified human vitronectin migrated as two bands ip
SDS-PAGE (Fig. 1), Interestingly. the estimated
molecular weights of human vitronectin changed with
the concentrations of acrylamide in SDS-PAGE; ¢.g.,
79/72 KDa at 6% acrylamide (Fig. 3, lane 1), by
74/61 kDa at 15% acrylamide (Fig. 3, lane 6). This
type of anomalous behavior in SDS-PAGE has been
already observed for other proteins including collagen
[43], casen [44] and histone [33]. Since the Ferguson
plot analysis for these proteins provides reliable esii.
mates of the molecular weights, human intact vi-
ronectin was analyzed in the same way, The relatve
mobility of all standard proteins interpolated at 0%
acrylamide became the same value though differem
from that of vitronectin (data not shown), From the
retardation coefficient, the molecular weights of hu-
man intact vitronectin of the so-called 75 /65 kDa
bands were now estimated to be 59/50 kDa with +3
kDa, respectively (Fig. 4). They were 15-16 kDa smaller
than the conventional molecular weights of 75 /65 kDa.
The above results were obtained in SDS-PAGE of the
Laemmli system [30] and the system of Weber and
Osborn [31]. Migration of both intact and deglycosy-
lated vitronectins from 14 mammalian and avian species
similarly depended on the concentrations of acrylamide
in SD5-PAGE. All of their relative mobilities interpo-
lated at 0% acrylamide were the same value though
different from that of standard protcins, suggesting
that both intact and deglveosylated vitronectins be-
haved similarly in SDS-PAGE. By Ferguson plot analy-
sis, new molecular weights of intact vitronectins from
14 animal species were estimated to range from 44 to
65 kDa. which were 12-18 kDa smaller than those
obtained in SDS-PAGE at 7.5% acryvlamide (Table 1),
Similarly, the molecular weights of deglycosylated vit-
ronectins were 40-37 kDa, which values were 11-17
kDa smaller (Table 1), Differences in the molecular
sizes between intact and deglycosylated witronectns

BSA—

Fig. 3. Relative migration of human vitronectin in 5D5.PAGE de-
pends on the concentrations of acrvlamide. Human intact vitronectin
was run in SDS-PAGE usmg different concentrations of acrylamide
in the separuting gels; 6 (lane 1), 7.5 (ane 20, 10 (lane 3), 12 (lane 4%
13.5 Clane 51, and 15% {w v} Uane &), Arrows indicate the prsaticn ol
bovine serum albumin, one of the marker proteins, migrated in the
same gels. Alignment of the bands is according to the migration ¢
the band of bovine serum albumin.
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Fig. 4. Standard curve of M, against retardation coefficient. Retar-
danon coeflicient was the slope of Ferguson plins. Open circles
mdicate ench value of 11 standard proteins listed in Materals and
Methods, Closed coreles indicated by arrows show  twio bands of
buman intact vitroneetin, A lower closed circle overlaps an open
crrcle of rabbst 1gl heavy cham, one of the standard priems

mdicate the sizes of the bound carbohyvdrates. The
differences were almost the same both before and after
Ferguson plot analysis (Table 1), suggesting that the

estimation of carhohydrate sizes was independent of

acrylamide concentrations.

Vitroriectins in evolliion

Anti-vitronectin antibody could derect vitronectins
in 14 animal plasma or scra by Western blotting as
mentioned above. Vitronectins in the other living or-
ganisms from which enough blood was not obtained
were wentified similarly on the bloted sheeis, Fig. 3
{lane 2) shows a positive 700 kDa band in whole extracts
of slime mold Physarm as one of the typical examples
of the identification. ‘The molecular weights of the
antibody-specific bands using 7.5% acrylamide are in-
dicated in the parentheses as follows, There were
strongly stained bands in quail serum (6% kDa), finch
setum (three bands between 6Y-74 kDa). whole
Drosopfula adults (two bands of 80 and 85 kDa) and
whole nematode (two bands of 38 and 170 kDa), Weakly
stained bands were detected in newt serum (96 kDa),
lapanese terrapin serum (two bands of 51 and 79 kDa),
Xenapus serum (one broad band of 58-63 kDa), gold-
fish serum (86 kDa). sea bream serum (three bands of
b, 68 and 86-96 kDa), hagfish serum (64 kDa), loach
rum (two bands of 51-55 and 84 kDa), blue crab
“rum (66 kDa) and prawn serum (70 kDa), Any posi-
Ive bands were neither detected for sera from octopus.
dam, abalone, lamprey, ascidian, nor for the whole

extracts of planaria, Hydra, sponge. Tetrahvmena, veast,
cellular slime mold  Prervosielium (vegetative and ag-
gregation stages), Ird instar larvae of Drosophile and
sca urchin (sperms, eges and embryos at stages of
blastula and gastrula).

The presence and absence of the protein reacting
anti-vitromectin antibody did not correlate with phy.
logeny in the animal Kingdom, The molecular weights
ol all the bands reacted with anti-vitronectin antibody
cxcept nematode ranged from 31 10 96 kDa, which
were in @ similar range of the mammalian and avian
vitronecting shown in Fig. 1A and Table 1.

Vitranectins from HepG2 cells

Barnes and Reing [45] reported that the human
Hep(G2 hepatoma cell line is the only cell hine produc-
ing vitronectin in culture among 25 cell lines, The
HepG2 vitronectin is reported to migrate distinctly as
one band at approx. 70 kDa. which exists between the
75 and 63 kDa bands of human plasma vitronectin in
SD5-PAGE. We reexamined the mugration pattern of
HepG2 vitronectin by Western blotting. In contrast 1o
the report by Barnes and Reing [45], there was nothing
special in HepG2 ovitronectin, Vitronectin both  se-
creted by HepG2 cells into the culiwre medium and
existing within HepG2 cells migrated at the same pusi-
tion relative to human plasma vitronectin in SDS-
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Fig. 5 ldennfication of the Msarum protein reacting with anti-
vittomectin antibody, Whole proteins in slime mold Phvsarm in
SDS-PAGE were stauned with Coomassie blue (Lline 15 The proteins
electroblotted vn a nitrocellulose sheet were allowed 10 react with
anti-vitronactin antibody (ane 2} or the same antibody which had
been pre-adsorbed with an excess amount of pure vitronectin (lane
3 Bound antibody 1o the sheet on lanes 2 and 3 was sisualized with
horseradish peroxidase-comugated second antibody and  o-dianisi-
dine s H 00, Seze markers (in kDa) are shown on the beft

£3



Fig, &, Migration of HepG2 vitronectin in $DS-PAGE, Vitronectins

purificd from human plasma (lane 1), in original buman plasma (ane

2L in conditioned medium of HepG2 cells (lane 3 and in rinsed

Hepdil cells Hane 4) were detected by Western immunobhotting with

unti-vitronectin antibody, Please note that there are two bands in

cach lane. although the lower bund in lanes 2, 3. and 4 was stained
very weakly. Size markers Gn kD) are shown an the left

PAGE (Fig. 6). Besides. the so-called 65 kDa band of
vitronectin was also detected in HepG2 vitronectin.
From the quantitative densitometry data in Fig. 6, the
ratio of the amount of two bands expressed as 65
kDa /(65 kDa + 75 kDa) was 0,13 for vitronectin se-
creted from HepG2 cells {lane 3, 0.21 for vitronectin
within HepG2 cells (lane 4) and 0.28 for the human
plasma (lape 2),

Discussion

Almost all studies on vitronectin have been focused
on human plasma vitronectin since the frontier studies
by Barnes, Ruoslahti and their colleagues in the early
1Y80s. To elucidate the general biology and biochem-
istry of the vitronectin molecule, however, the charac-
terization of vitronectins from a variety of living organ-
isms must be important. Small laboratory animals and
invertebrates, for example, mouse, rat. slime mold and
Drosophila, seem 1o be much more suitable for experi-
mental manipulation of vitronectin, if they have it. We
have recently developed a simple purification method
for vitronectin from human plasma [28) and revealed
chemical compositions and biochemical properties of
vitronectin from human, horse, porcing, bovine. rabbit
and chicken [24]. In this paper, animal vitronectins
were isolated and characterized from 14 mammalian

and avian species including small laboratory animals s
well as the above six species. Furthermore, proteip
reacting with anti-vitronectin were detected in 13 mop,
living organisms of vertebrates and invertebrates in-
cluding slime mold Physarem, nematode and D
ophila. All of the purified vitronectins had cell-spreag.
ing, heparin-binding and collagen-binding  activities.
Therelore, these functions scem o be essentigl for
vitronectin,

The molecular weight of human whole vitronecti
has bheen reported differently as 75 1o 80 kDa by
SDS-PAGE [10.22,23] and 52 kDa by ¢cDNA sequence
[20.21). The size of the bound carbohvdrates in vi.
ronectin does not account for this difference. A similar
discrepancy oceurs in rabbit vitronectin [27). With Fer.
guson plot analysis as well as deduction of the mass of
the bound carbohydrates, the mass of deglycosylated
human vitronectin of the so-called 75 kDa band was
estimated to be 52 kDa in this paper, which is the same
molecular weight of core polypeptide estimated from
the ¢cDNA sequence. Bound phosphate of = 2.5 mal
[46] and bound sulfate of =2 mol [47] per mol of
vitronectin may not contribute considerably 1o the
molecular weight estimation. Therefore, the overesy-
mation of the molecular weights in SDS-PAGE &
interpreted as a result of the abnormal behavior of
vitronectin in SDS-PAGE and the bound carbo-
hydrates.

The number and proportion of vitronectin bands in
SDS-PAGE are seemingly diverse in a variety of ani-
mals. Concerning human vitronectin, the proportion of
the two bands depends on the individuals [41,48] and
does not seem 1o reflect any physiological conditions or
diseases, Two bands of vitronectin are derived from a
DNA polymorphism in the co-dominant alleles of the
vitroneetin gene. one of which synthesizes a pro-
teinase-resistant vitroneetin (corresponding to a 75 kDa
band) and another synthesizes a proteinase-sensitive
type (producing a 65 KDa band) [49.50). These resulis
may imply that the existence of the two bands i
unrelated to the function of vitronectin. On the other
hand, there is 1% nicked vitronectin in human plasms
even when only the resistant type of the vitronechn
gene s present [49). Furthermore, two bands of vir
ronectin have been already observed in both secreted
and cellular vitronectins in human HepG2 cells. Many
species had the two-band type of vitronectin with a siz¢
difference of 5-13 kDa. They are human, mouse, dog
horse, bovine, chicken, finch, Drasophila, Japanesc ter-
rapin, sea bream and loach. Supposing that one of the
three vitroneetin bands in goat and sheep is a degrade:
ton product, then goat and sheep vitronectins are also
the two-band type. Besides, one cannot exclude the
possibility that all the other vitronectins are r:c:lnliﬂﬁ"""j
of two bands of which one band is too minor to be
detected. Therefore, we are supposing that the occur
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Fig. 7 A peneral model of vitronectin structore. A general maode] of
vitronectin structure i proposed based on dota on many ammal
vitronectins Uhis paper) and previows dita on human vilronedin
1220.21.42] The whole core polypeptide of vitronectin uniformiby
spams 3k 37 kDu o length with a possible cleavage site which
sepatates iF inte 400 29 kD pnd 5- 13 ks polypeptides. From the
ameng acid teronnes toward the carboxyl ierminus on the molecule,
vitrinechife commionly has a cell spreading sne of Arg-Gily- Asp. a
collagen- binding <ite, & heparin-binding site. and a8 possible cleavage
site (Nick). The size. number and compesition of the carbohyvdne
chain of vitronectins are distinctly different among species,

rence of the two bands is a general property of vit-
ronectin. This might relate to the funclion of vit-
nmecting, because two bands of human vitronectin dif-
fer in heparin-binding [51]. serotonin-binding [17] and
phosphorylation [54]. The onc-band type of vitronectin
might be speculated o be cither the molecule alrecady
completely cleaved or nothing cleaved.

It is tempting o speculate here on a general model
of vitroneetin strugture as shown in Fig. 7. The whole
core polypeptide of vitronectin commonly spans 50-37
kDa with a possible proteolytic site which separates it
mto 40-49 kDa and 5-13 kDa. There are binding sites
for cells, collagen and heparin on the polypeptide. On
the other hand, the size and composition of bound
carbohydrate are various bul species-specific,

The yields of vitroneetin from different species var-
ied considerahly from 0.5 10 9.4 mg per 100 ml equiva-
lent of serum (Table 10 It is not clear what the varia-
tion reflects, The purification step of vitronectin mainly
wnsists of twer heparin affinity columns in the absence
ind then the presence of 8 M urca, In our previous
tpenments, the recovery of vitronectin from human
Plasma deviates from 15 10 30% [28). The reason for
the low recovery is unknown, but the FCCOVCTY appears
0 depend on the efficiency of heparin-binding of vit-
rongctin in the absence and then the presence of 8 M
rea. We have found that very fresh human plasma
ontains the 2% heparin-binding form of vitronectin
[51). while another group has reported the amount of
3% |52). Conversion of fresh plasma 1o serum is
companied by a 3.5-fold increase in heparin-binding
VYiltongetin [S1). Treatment with 8 M urea remarkahly
Mcreases the heparin-hinding activity of human plasma

9

vitronectin, but there still remains some heparin-un-
binding vitronectin [28]. Therefore, the vanation in the
vitronectin vields is likely 1o be related 1o the variation
in the heparin-binding properties of cach animal vit-
ronectin in the absence and then the presence of 8 M
urea. One of the other possibilities s that the variation
reflects the variation in vitronectin content of the sam-
ples, The variation may occur during preparation since
the plasma and sera used are nit necessarily collected
by one person using the same protocol. One also
cannot exclude the possibility that the vitronectin con-
centrations in circulating blood vary, bui are species-
specific.

Recently, Kore-Grodzicki et al. [33] found the sclee-
tive phosphorylation of vitronectin in human plasma by
protein Kinase A, Expanding the specific phosphoryla-
tion ter other animal plasma protein, they reported that
phosphorylated plasma proteins of 135 kDa in rabhit,
75 kDa in guinea pig, 140, 116 and 75 kDa in rat, and
90 kDa in mouse are possibly vitronecting [34]. These
muolecular weights are, however, much larger than ours
except for 75 kDa from both guinca pig and rat
Although we have not examined phosphoryiated vil-
ronecting, some of their proteins may not be vit-
ronectin,

Further biochemical characterization of vitronecting
from a variety of living organisms will reveal the essence
of the vitronectin molecule more precisely and will
provide deeper insights into the structure and function
of vitronectin in the future.

Acknowledgments

We thank Ms. Kazuko Havashi for her secretarial
assistance, Dr. Tadashi Shimo-Oka for his criticism of
the manuscript and Iwaki Glass (Tokvo, Japan) for
anti-vitronectin monoclonal antibody, This work was
supported by the Hayashi Memorial Foundation for
Female Natural Scientists, by research grants from the
Ministry of Education, Science and Culture of Japan
and by the Special Coordination Funds of the Science
and Technology Agency of the Japanese Government.

References

1 Helmes, R, (1971 1. Cell Biol. 32, 297- 304

2 Bamnes, [, Wolfe, R.. Serrero, G. McClure, D, and Sawn, G.
(19800 1. Supramaolec. Stroct, 14, 47-63,

3 Fath. K.R.. Edgell, C-05 and Burnidge, K. C1989) 1, Cell Sei. 92,
67-75.

4 Underwood, P.A. and Bennett, FA (1959) 1 Cell Sci, 93, bd]-

)

Podack, E.R.. Kolb, W.P. and Miller-Eberhard, HJ (1978) 1.

Immunad, 120, [841- 1548,

b lenne, 13, Hugo, F.oand Bhakdi. 5. (1985) Thromb, Res 38,
401412

T 1, C.R. and Ruoslahti, E. (19850 ), Biol. Chem. 264, 15610- 15615

"



10

]

L

Premssner. K. T, Wassmuth, B and Muller-Berghaus. . [1985)
Biochem. J, 23], 349355,

Premsner, k.1, Zwicker, L. and Muoller-Berghaus, . [197)
Biochem. §, 243, 105111 .

Hayman. E.G., Pierschbacher, D, Ohgren. Y. and Ruoslahn, E.
(1S3 Prog, Nl Acied . Ser, USA s, S 40607,

Gehby, O Mowmvan, EG Engvall, B, and Ruosdalan, . (1486) .
Beosl. Cheme 2nl, Iaais - 16703

Lrumi, M., Shamaoe Oka, T, Morishita, M, i L oand Hayashi, M
C1988) Cell Struct. Funcr, 13, 217-225,

Peclerck. PA. De Mol, M. Alessi, MO, Baudner, 5. Pagues,
Fo-P Pressner, K.T. Miiller-Berghaus, G, and Collen, D, (1958}
1. Biol. Chem. 2h3, I."-Iﬁi- 15461,

Wiman, B. Almguist, A Sigurdardottr, 0, and Lindahl, T,
CIURS) FEBS Letn M2, 125128,

Setert, D, and Loskutofl, 1U1 019910 00 Biol, Chem, 266, 2824 -
2R

Hildebrand, A, Schweigerer, L. and Teschemacher, H. (149558} 1,
Hoirl Chem. 263, 2436 2dd),

Hanman, CoN, Reilly, W, and MeAushan, B R, (193} Eap, Cell
Res. 1 Th 49-54,

Mwcla B Prerschhacher. MDD, and Russlahi, E. (1955} Prog
MWarl Acwd Sci U'SACKL 5766-5TT0
Pvicla. R.. Merschbacher, MDD Ginsberg, ML Plivw, T.F. and

Rumslahm 4 19%A) Saence 231, 155915l

Suznkn M U0dbherp. A Hayman, EG . Pioschbacher, M and
Kuoslabua, B PRS0 LMIMD J 4 2504 2024,

dvrere, U oapd Stonkey, K ROV TS5 L MBCY 3, 3, 4153 1157
Barnes W ond Selnudecr, 1 119530 1 Bl Chem 258 [ 2504,
13852

Drabibiick. B oond Podack, L K (19850 Bochemustry 24, 2368
p el

RatagakiUigawa H, Yatodaen, 1, leome M., Havoshn, 51 Kt
wigl, . Matsaigotn boand Seoo N (1R Howbon Bioginge
Acta 103, 8- An

Pretasncr. b T Holehiitee S
Co C1URG) Rlowad T4 1041960
Hayman., b.Go Prerschoacher, Mok Sweeke 5 aod Ruoslahie B
PIRS) Lap Lell Kes. [l 225- 25K

Sato, K. Romiane. Y, Imanaka, | oand akans,
Uhem DhE, 21232 11236

Yutohgo, T lewp, M. Kastmog, o ard avashs M, 1t
Cell Strget Funet 11 8] -2

Mlarewm . Eoand Lane 12019880 Anttondies Cidd Spaange Pl *or
Laboratoay Cobil Spaing Hartsn

Justus, €7 and Muller Berehoaus

T C[®HE ] [yl

A
1
a
1
14
15
i
17

kT

M

5

bl

4

s
¥}

Pacmml, LUK, 1970 Nature 227, AR R85,

WVeeber B oamd {xborn, 8, (1904 ], Biol. Chem. 244, -4
Ferguson, BoAC T4 Metabolism 17 485 1002

Hayashi. K. Masutera, 17 and Ohba, Y (19740 Biochim, Big.
plrys. Aca 32 IRS- 184
Wyckedl, M. Hodbard, D
Biochem. 78, 3534457,
Tomtwn, 11, Stachelin, 1oand Cordon, 019790 Proc, Narl, Acud
Sur LA Th, 23504354,

b, M. Kurala, 10, leh, M. Yamashing. L oand Kawasaki, T
(1 1 Raod Chem. 208, [ TMNS- 1198

Fan, -40). Kodowake 5. Yamamoto, K. Kumags. H. ang
Towctukeora, T, 198) Agric. Baol. Chem 52 17151723,
Thonskurn, MR and Bahl, O0F (195870 Methods Eneymol. 135
A5 334,

Flisrman, FLM. and Wassarman, P WM. (1985 Cell 4], 313-324,
Katagaki-Chgawa, 11, Miatwmots, L. Senn, N Toekahash, N,
Endo, 5, and Araa. Y. 019860 Eur. 1. Biochem. 161, 779-78%
Kubots, K., Kataveme, 5. Matsude. M. and $liyashi, M. ()9%58)
Uell Styuct, Funct 13, 12318,

Sutnky, 5, Pierswhbacher, MDD, Hayman, .G, Nguyen, K,
Cgien, %, god Ruielahte, £ (19530 §, Bl Chem. 259, 15307-
15714

Furthmayr, H and Timpl, B, 019710 Anal Baochem, 31, $10-516,
Creamer, K and Richardson, T (1984 Arch Biochem. Hio-
phys. 234 470480

afid Chrambach, A, (19770 Anat

5 Bames, DWW and Reing, 1 11985 1, Cell, Physaol 125, J07-14,
e MeGuire, BEAL Peacock, M.E, Inhom, B, Swegel, N and

Tellelen, DM (198K 1, Biod. Chem. 263, 1942 1945

Jenpe, 2. Hille, A Stanley. KOK. and Huttner, W.R. (1989 Eur.
). Buschem. TRS, ju) =345,

Tomasime. B R, and Mosher, 10F, (1988 Blood 72 903-912
Fosbata, K Flayashy, ML, Orhi N oand Sakaki, Y. (1990) Biochem
Biophys, Kes, Commun, 167, | 355 2

Tollefwn, DM, Weigel, C1 and Kaheer, ML (1901 1. Baol
Chem 268 9TIH-G78).

b, M. Yamusds, KM, ard Hayashi, M. (19590 Bochim
Fuiretiys Acta BE0 100 - 10K

Barrws, YW, Kelng, LE and Amos, H (1885 [, Bl Chem
DN R T2

Ko Liropapck), Bo Toawber-Finkebacin - M., Chain, D, and
Shaluel 5 (1N Beechom Biophys. Ree. Comemun 157, 1131-
1155

Kigu-dpimbitckl, Ho Uhan, 1)
Pt Yyl Duchem [595, 288

Krewman., T. and Shahel, $
iR





