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_GENERAL

INTRODUCTION




A. FIBRONECTIN - STRUCTURE AND FUNCTIONS (see reviews by Pearlstein et al.

1980; Mosesson and Amrani, 1980; Ruoslahti; et al.)

1. Discovery and Nomenclature

Filronectin (FN) was originally described by Morrison et al. (1948)
as a fraction of human plasma isolated during the purification of
fibrinogen and was referred to as cold insoluble globulin (CIG) due to
its cryoprecipitability. Subsequently a number of investigators, working
on a variety of research topics, have described proteins which are now
known to be one of two closely related forms of FN, a soluble plasma form
(PFN) and an insoluble cellular form (cFN) (see Table 1.1). Although not
identical the two forms are very similar (Yamada and Kennedy, 1979) and
in the following discussion the term filronectin is used to include both
the plasma and cellular forms. Only in cases where the two forms may

differ significantly will the type be specified.

The discovery of FN associated with the surface of normal fibroblasts
in cell culture (Hynes and Bye, 1974) and its loss following oncogenic
transformation (Vaheri and Mosher, 1978) focused attention on this protein
and it has subsequently been shown to possess a number of different
functions (see Table 1.2). In general these involve the ability of FN
to mediate the interaction of the extracellular matrix with the cell
surface. Such interactions can have profound effects on cell adhesion
and mobility and may also influence the differentiated state of a cell as

a result of altered gene expression (Kleinman, Klebe and Martin, 1981).



Table 1.1

Fibronectin nomenclature

Name

Reference

9.

10.

1.

12.

13.

Cold-Insoluble Globulin (CIG)
Antigelatin Factor

Opsonic Protein (a, Surface
Binding Glycoprotein)
Cell Attachment Protein
Cell Spreading Factor
Cell Adhesion Factor
Microfibrillar Protein

Fibroblast Surface Antigen

Galactoprotein A

Large External Transformation
Sensitive Protein (LETS)

Cell Surface Protein (CSP)
Zeta~Protein

Major Fibroblast Protein

Morrison, Edsall and Miller, 1948.

Wolff, Timpl, Pecker and Steffen,
1967.

Allen, Saba and Molnar, 1973.

Klebe, 1974.

Grinnell, 1976.

Pearlstein and Gold, 1978.
Muir, Bornstein and Ross, 1976.

Ruoslahti, Vaheri, Kuusela and
Linder, 1973.

Gahmberg, Kiehn and Hakomori, 1974.

Hynes and Bye, 1974.

Yamada and Weston, 1974.
Jone. and Hager, 1976.

Sear, Grant and Jackson, 1977.




Table 1.2 Functions of fibronectin

1. Cellular Adhesion.

2. Regulation of Cellular Morphology, i.e. Spreading.
3. Cell Motility and Chemotaxis.

4. Organisation of the Microfilament System.

5. Opsonisation and Phagocytosis.

6. Haemostasis.

7. Determinant in Development and Differentiation.

8. Organisation of Loose Connective Tissue and the Extracellular Matrix.




2. Distribution

FN is a ubiquitous glycoprotein found in all vertebrates and at least
three lower invertebrates; the sea urchin embryo, dissociated freshwater
sponge cells and dissociated seawater sponge cells (Akiyama, Yamada and

Hayashi, 1981).

In vivo FN is widely distributed throughout the body being a major
component of connective tissue and extensively associated with basement
membranes (Hedman, Vaheri and Wartiovaara, 1978) with the possible
exception of glomerular basement membranes (Linder, Sterman, Lehto and
Vaheri, 1978). It is also found in exocrine glands, mucous membranes,
sweat, sebaceous, mammary and parotid glands, spleen, intestine, liver
sinusoids and the sarcolemma of striated muscle (Pearlstein, Gold and
Garcia-Pardo, 1980). It is characteristically visualised as thin
fibrillar structures associated with other connective tissue compcnents
such as collagen and glycosaminoglycans (GAG's). As a soluble form FN
is found in human blood plasma at a concentration of 200-300ug/ml
(Mosher and Williams, 1978). The absolute levels have been shown to
increase with age (Labat-Robert, Polazman, Deroutte and Robert, 1981) and
are generally slightly higher in males than females (Erikson, Clemmensen,
Hansen and Ibsen, 1982). Interestingly, the levels of pFN have been
reported to be reduced in patients with advanced malignancy (Mosher and
Williams, 1978) and following major surgery or trauma (Saba, Blumenstock,
Scovill and Bernard, 1978). Although the reasons for these variations
are unclear at present a connection with FN's opsonic function has been

proposed (Saba and Jaffe, 1980). FN is also found in human amiotic



fluid (~170ug/ml), cerebrospinal fluid (1-3ug/ml), urine and synovial
fluid (Ruoslahti, Engvall and Hayman, 1981). Serum levels of FN are
approximately 35% less than plasma levels due to incorporation of EN

into the fibrin clot. A small proportion (~0.5%) of the total blood FN
in man is also found in the o granules of blood platelets and is released
into the circulation during platelet stimulation by thrombin (Zucker,

Modesson, Brockman and Kaplan, 1979).

In vitro cFN was first identified associated with the surface of
fibroblast by cell surface labelling techniques (Hynes and Bye, 1974)
and was later visualised by immunoflucrescence microscopy as a complex
filrillar structure enmeshing most fibroblastic cell types (Yamada, 1978).
It has also been shown to be produced by epithelial ceils from the liver,
kidney, gut, breast and amiotic membranes, together with myoblasts,
Schwann cells, macrophages, undifferentiated chondrocytes, hepatocytes,
endothelial cells and astroglial cells (see reviews by Ruoslahti et al.,
1981) . These in vitro findings further emphasise the widespread
distribution of FN in vivo although some discrepéncies between in vivo
and in vitro studies do exist. For example, FN is apparently not
associated with astroglial cells in vivo (Schachner, Schoonmaker and
Hynes, 1978) hut is clearly present when these cells ére taken into

tissue culture conditions (Vaheri, Ruoslahti, Westermark and Ponten, 1976).

Cellular FN is commonly found as complex fibrillar structures in
confluent fibroblast cultures although radially orientated striae or
punctate patterns have been observed in other cell types. The distribution

of FN in relation to cell polarity also varies between cell types. In



cultured endothelial and amniotic epithelial cells FN is primarily found
associated with the ventral cell surface abutting the substratum

(Birdwell, Gospodarowicz and Nicolson, 1978) . In epithelial crypt cells

it is found exclusively in areas of cell-cell contact (Quaroni, Isselbacher
and Ruoslahti, 1978) and in fibroblastic cells it can be found in a
pericellular distribution (Vaheri and Mosher, 1978). This suggests that
the interaction of FN with the cell surface may be restricted to particular
sites under certain conditions.. This is further supported by the reported
codistribution of FN with intracellular microfilament bundles, and its
localisation to specialised areas of cell-substratum contact known as

focal contacts (Hynes, Destree and Wagner, 1982).

The distribution of EN is dependent on the cell cycle and cell
density (Gahmberg and Hakomori, 1974). In sparse fibroblast cultures it
is found mainly on the underside of the cell and in regions of cell-cell
contact, often forming small stitch-like structures. In more confluent
Cultures a complex FN matrix is formed pericellularly in association with
other matrix components, e.g. collagen and proteoglycans. Much of
this matrix FN is not in close association with the cell surface and is
disulphide bonded into multimeric complexes (Hynes and Destree, 1977).
The presence of FN in a matrix form makes studies on the nature of its
interaction with the cell surface particularly difficult. Subcellular
fractionation experiments show that FN is not normally present in plasma
membrane fractions but copurifies with glycocalyx material (Pearlstein et al.,
1980) . However, arntibodies to FN are known to be toxic to FN-containing cells

in the presence of complement, but not to cells lacking FN (Milhaud, Yamada



and Gottesman, 1980) suggesting that at least part of extracellular FN

is in close proximity to the cell surface.

In relation to the cell cycle, cell surface FN is depleted during
mitosis and slowly accumulates after division during the G1 phase (Hynes
and Bye, 1974). Levels of FN are also dependent on cellular differentia-
tion since during myoblast and chondrocyte differentiation in vitro FN
expression is switched off as it is during embryonic differentiation of
mesenchymal cells into muscle, cartilage and renal tubule epithelium
in vivo (Mosesson and Amrani, 1980). FN expression is apparently
switched on during differentiation of teratocarcinoma stem cells into
endodermal cells, which are known to have FN associated with them

(Wartiovaara, Leivo, Virtanen, Vaheri and Graham, 1978).

Finally, FN is found as a soluble form in vitro in the culture
medium of many cell types and may be analogous to pEN in vivo. The
relationship between FN present in the culture medium and the matrix form
is unclear although the two may be in equilibrium since pFN will

incorporate into métrix material (Ch, Pierschbacher and Ruoslahti, 1981).

Although a great deal of data on the structure and function of FN
has been accurulated it is perhaps important to note that the vast
majority of this work has been carried out using FN from either plasma,
conditioned medium or tissue culture cell surfaces with little data on the

behaviour of FN present in tissue samples.



3. Structure and Molecular Interactions

a) Chemical properties

FN is a disulphide linked, dimeric glycoprotein with a subunit
molecular weight of approximately 220Kd. In SDS~PAGE run under nOn-redﬁcing
conditions, pFN migrates as a single band of apparent molecular weight
450Kd and after reduction it migrates as a closely spaced doublet
(approximately 220Kd) (Mosesson, Chen and Huseby, 1975). This is in close
agreement with sedimentation analysis which gives pFN a molecular weight
of 450 * 25 Kd and an S value of 12-14 (Mosesson et al., 1975). Cellular
FN migrates as a single band on reduced SDS-PAGE corresponding to the
upper band of the pFN doublet (Hynes et al. 1978).

Peptide mapping in both 1 and 2 dimensions (Kurkinen, Vartio and
Vaheri, 1980; Birdwell, Brasier and Taylor, 1980) suggests that the two
polypeptides of pFN are very similar and a common amino-terminal
sequence has been demonstrated which is blocked by a pyroglutaminic acid

residue (Mosesson et al., 1975).

FN has been shown to contain both intra=~ and inter-chain disulphide
bridges (Wagner and Hynes, 1979). The interchain bridges are located within
10Kd of the carboxyl terminus although the number of bridges is not clear.
The intrachain disulphides are localised mainly in the amino terminal
third of the molecule, as shown by S-cyanylated fragmentation (Fukuda and
Hakomori, 1979), although some may also be present in the carboxyl

terminal third.



There are apparently 1-2 free sulphydryl groups per FN monomer, one
situated about 170Kd from the amino terminus and probably another one
closer to the carboxyl end (Wagner and Hynes, 1980; Smith, Mosher,
Johnson and Furcht, 1982). It has been suggested that these groups may be
involved in the interaction of FN with the cell surface (Ali and Hynes,
1978) although it has been reported that reduced and alkylated FN is still

capable of mediating cell adhesion (Gold and Pearlstein, 1979).

Both cFN and pFN contain approximately 5% carbohydrate consisting
of 4 to 6 complex asparagine-linked units per monomer. Mannose, galactose,
N-acetyl glucosamine and sialic acid are the common sugar residues in pFN
while cFN contains fucose and much less sialic acid (Mosesson and Amrani,
1980) . Glucose and xylose have been shown to be present in chick embryo
fibroblast cFN (Yamada, Schlesinger, Kennedy and Pastan, 1977). Other
variations in sugar content and linkages have been reported between cell
and plasma FN and also between FN's from different sources. Amniotic
fluid FN has an exceptionally high carbohydréte content of between 7-9.5%
(Ruoslahti, Engvall, Hayman and Spiro, 1980). This may account for its
higher apparent molechlar weight as determined by SDS-PAGE since
unglycosylated FN reportedly migrates faster than its normal counterpart
(Olden, Pratt and Yamada, 1979). Thus, altered glycosylation may account
for the variable electrophoretic mobilities of FN's from different sources.
Most of the carbohydrate in FN is situated in a 40Kd sequence approximately
30Kd from the amino terminal end which also has the ability to bind to
collagen (Sekiguchi and Hakamori, 1980). Glycosylation of FN is not
required for its functional activity although it protects the mclecule from

proteolytic attack, the unglycosylated FN being 2-3 times more sensitive to

10



degradation than normal FN (Olden et al., 1979).

One of the key areas of interest in FN research is the
elucidation of its complete amino acid sequence. Working on bovine pFN
Peterson and co-workers have sequenced 27% of the molecule and have
recently proposed three types of internal homology (Skorstengaard, Th@gersen,
Vibe-Pederson, Peterson and Magnusson, 1982). The amino terminal end is
‘believed to form a "5 fingered" arrangement due to looping ocut of the
polypeptide backbone, each loop being held in position by disulphide
linkages. A further 4 "fingers" are found adjacent to these and possibly
also at the carboxyl terminal end. This repeating structure is referred
to as type I homology and sequences corresponding to type II and type III
homology are found in the central and carboxyl half of the molecule

respectively (Peterson et al., 1983).

Using recombinant DNA technology it has been shown that the chicken
FN gene is 48 kilobases long, consisting of at least 48 constantly sized
exons (147 * 37 base pairs) separated by 40 introns of widely differing
size (Hirano et al., 1983). Interestingly, the exon size of 150 base
pairs, or 50 amino acids, corresponds approximately to the size of one of
the "fingers" in the type I homology regions described above. This
might suggest that the gene for FN may have arisen by gene duplication of
a primordial gene approximately 150 bése pairs long. More recently cDNA
clones for FN have been isolated from a rat liver library and used to
establish the sequence of the C-terminal third of rat FN consisting of the
cell-, heparin-, and fibrin-binding domains (Schwarzbauer, Tamkun,

Lemischka and Hynes, 1983). It was clearly demonstrated that the cell- and

11



heparin-binding domains consist of homplogous, repeating sequences perhaps

indicating a polyvalent interaction of FN with the cell surface.

b) Molecular interactions via structural domains (see reviews by

Hynes and Yamada, 1982; Akiyama, Yamada and Hayashi, 1981; Sekiguchi,

Fukuda and Hakomori, 1981 and Fig. 1.1).

FN has been shown to interact with a large number of macromolecules,
including same as yet ﬁndetermined components of the cell surface, and
has a diversity of functional properties. During recent years it has
become possible to dissect the FN molecule into functional domains by the
use of specific proteolytic fragmentation together with affinity
chromatography. Using such a strategy it is possible to allocate specific
molecular interactions to particular parts of the polypeptide backbone,
commonly referred to as "domains". The presence of distinct domain
structures in FN had previously been éuggested by physical studies which
described FN as consisting of a number of globular regions connected by
flexible link regions (Alexander, Colonna, Yamada, Pastan and Edelhoch,
1978; Alexander, Colonna and Edelhoch, 1979). Using differential
scanning calorimetry of native FN Wallace et al. (1981) showed three distinct
endothermal denaturatuon transitions suggesting the presence of at least
three order.;ed "domain" regions. At the electron microscopic level native
FN is seen as a V-shaped molecule with an angle of approximately 70°
between the two polypeptide subunits. Although no globerular structures
were agpparent three hinge regions displaying considerable flexibility were
present on each monomer and may connect more compact domain regions

(Odermatt and Engel, 1982).

12



FIBRIN(OGEN)

Pyroglu,[ S S

COLLAGEN STAPH. A. DNA ?
HYALURONATE
FACTOR Xa FIBRIN
TRANSAMIDATION '

SITE S|H ﬁ” Y
s s A W4 &
DOMAIN 1 DOMAIN 2 DOMAIN 3 DOMAIN & W/S

+—2TKk—> ——LO0Kk— 12K 1605‘—50'(——» > S

HEPARIN
FIBRIN
STAPH. A,

7

OOH

}‘W : S ]J'vcoon

T
SH

GELATIN

CELL SURFACE
GANGLIOSIDE

PROTEOGLYCAN
GLYCOPROTEIN

N
N

HEPARIN




Fig. 1.1 Domain structure of FN

Y camplex asparigine-linked oligosaccharide units
—-—g—S - Interchain disulphide bands
7 Sﬁ . . .
_S Intrachain disulphide bonds

Damain regions

Flexible hinge regions usually corresponding

to sites of proteolytic attack.

(see refs. Sekiguchi and Hakamori, 1980) Sekiguchi et al. 1981)

Akiyama et al. 1981} Hynes and Yamada, 1983} Sekiguchi and Hakamori,

1983} Yamada, 1983).
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FN is capéble of interacting with various macromolecules via specific
domains within the molecule. Co-operativity between damains may be an
important factor in some of these complex molecular interactions. These

are outlined below.

i) Self Association - The ability of c¢FN to self-associate is implied
by its presence as fibrillar structures in matrix material and at the cell
surface and also by its ability to form fibre-like structure in concentrated
solutions. Ehrishman et al. (1982) have recently proposed that horse serum
FN contains two self-association sites at least 135Kd gpart. One site is
within an amino terminal 60Kd peptide and the other site is within 35Kd
of the carboxyl terminus. It was suggested that this would allow a "head
to tail" association of FN molecules and assembly into filamentous
structures. This ability of FN to self associate may be important in the

formation and organisation of the extracellular matrix.

ii) Interaction with collagen/gelatin - The interaction of FN with collagen
was first identified by the requirement of a serum or culture medium
factor to mediate cell attachment to collagenocus substrata (Klebe, 1974;
Pearlstein, 1976). This factor was later shown to be FN and its affinity
for collagen demonstrated by direct binding assays (Engvall and Ruoslahti,
1977) . The affinity of FN for different genetic types of collagen has been
investigated by a number of workers with sanemhét contrasting results.
Gold et al. (1979) demonstrated equal binding to type I, II and III
collagen, before and after denaturation in agreement with the results of
Dessau et al. (1978). However, other workers have shown preferential

binding to type III collagen and thét denaturétion of all collagens

15



substantially increases FN binding to levels higher than any native

collagen type (Ruoslahti and Engvall, 1978).

The binding of FN to collagen type I has been shown to be predominantly
to a cyanogen bromS'.de fragment of the a-1(I) chain of collagen consisting
of residues 757 to 791 (Kleinman, McGoodwin, Martin, Klebe, Fietzek and
Wolley, 1978). This fragment lacks carkohydrate and has a hydrophobic
nature suggesting that the high affinity binding of FN with collagen may
be due to hydrophobic interactions. This is further supported by the fact
that the interaction is stable to high salt concentrations (Goldetal., 1980). Low
affinity binding to other sites on the collagen molecule have also been

demonstrated (Dessau, Adelmann, Timpl and Martin, 1971).

The collagen binding site on FN has been localised to a 40Kd fragment
by enzymatic digestion and affinity chromatography (Hahn and Yaﬁ\ada, 1979) .
It is rich in intrachain disulphide bridges and contains most of FN's
carbchydrate (Sekiguchi and Hakomori, 1980) although this is not required
for collagen binding activity. The 40Kd fragment originates from a site
approximately 30Kd from the amino terminus (Furie, Frey and Rifkin, 1980)
and although still retaining gelatin binding properties it shows a lower
affinity than the intact FN molecule. It has also been shown to possess
transformation promoting activity although the éignificance of this is not
clear at present (DePetro, Bérlati, Vartio and Vaheri, 1981). The gelatin
binding site has recently been fﬁrther restricted to a 5-10Kd region
within the 40Kd domain by the use of monoclonal antibodies (Smith and

Furcht, 1982).

16



The biological significance of the interaction of FN with collagen
is unclear although extensive codistribution of these two matrix components

in vitro and in vivo together with their coordinated loss following viral

transformation (Vaheri, Kurkinen, Lehto, Linder and Timpl, 1978) suggests
that the interaction is important. It seems likely that collagen-FN
interactions may play a key role in the development of the extracellular
matrix. However the presence of FN matrices in the absence of collagen

demonstrates that such interactions are not essential.

iii) Interaction with filrin and plasma transglutaminase (Factor
XIIIa) = FN has been shown to bind to both fibrin and filbrinogen either
non-covalently or covalently following Factor XIITa-mediated cross-
linking. FN interacts rather poorly with fibrinogen although it has been
shown to coprecipitate with fibrinogen in the cold and to bind to
fibrinogen coupled to Sepharose beads at low temperatures (Stemberger and
Hérmann, 1976). The interaction of FN with fibrinogen is apparently
increased by the presence of heparin which hés also been shown to bind
to FN (Stathakis and Mosesson, 1977). In the presence of Factor XIITa
(thrombin-activated plasma transglutaminase) FN and filbrinogen can be
covalently linked vié. the carboxyl terminai end of Ao chain of fibrinogen
and a glutamine residue three residues from the amino terminus of EN
(Peterson et al., 1983). This glutamine residue is élso the site ét
which Factor XIIIa crosslinks FN to itself, fibrin, collagen and
S. aureus. It is present in a 27Kd amino-terminal domain involved in non-
covalent interaction with actin, S. aureus, fibrin and heparin, but
interestingly not collagen. Thus, the major site of collagen crosslinking

to FN is at a different site from the 40Kd collagen binding domain. The
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significance of this is not clear although the finding that physiological
levels of polyamines inhibit cross-linking between FN and collagen but not
between FN and fibrin suggests that the former interaction may not be

physiologically important (Mosher, Schad and Kleinman, 1979).

The non-covalent interaction of FN with fibrin is apparently of
higher affinity than that with fibrinogen since FN will bind to fibrin
monomers coupled to Sepharose at room temperature but not fibrinogen
(Iwanaga, Suzuki and Hashimoto, 1978). Taking advantage of this in
conjunction with proteolytic fragmentation Sekiguchi et al. (1981; 1983)
have demonstrated binding of fibrin to a 21Kd fragment as well as to the
27Kd domain mentioned above. This 21Kd domain is reported to be present
on only one of the FN polypeptides, being located close to the carboxyl
terminus, and is apparently not a substrate for Factor XITIa (Sekiguchi
et al., 1981). Richter et al. (1981) however have proposed the presence
of a transamidation susceptible site, in addition to that present in the
27K4 domain, in a similar position to the 21Kd domain suggesting that
under certain conditions it may be involved in transamidation. The
interaction between FN, Factor XIITa and fibrin may be an important factor

in wound healing and opsonisation.

iv) Interaction with glycosaminoglycans (GAG's) - GAG's are poly-
saccharides that are found in animal tissﬁes usﬁélly in covalent
association with protein, forming proteoglycans (see review by Lindahl and
HOOk, 1978). The interaction between FN énd GAG's appears to be of a
camplex nature with the binding to heparin being the best characterised
(Hayashi and Yamada, 1982). Hyaluronic acid, heparin and heparan sulphate

18



GAG's cause the agglutination of gelatin-coated beads in the presence of
FN, agglutination only occﬁrring if FN and GAG's are present together
(Ruoslahti et al., 1981). Interestingly, heparin reportedly stabilises
the interaction between FN and collagen and also between FN and filkrinogen
(Ruoslahti and Engvall, 1980). Thus, interactions at one domain in FN

may promote or stabilise binding at a different domain.

The interaction of chick cFN with hyaluronic acid and heparin was
investigated by Yamada et al. (1980) using a filter binding assay which
relied on cFN being precipitated onto filters at neutral pH. They

~7-1078) of both hyaluronic

demonstrated high affinity binding &Ky = 10
acid and heparin to cFN and suggested that binding was to separate sites

on the basis of competition experiments. Extending this work it was

shown that heparin binding to FN was via at least two distinct sites with
varying binding requirements (Hayashi and Yamada, 1982). One binding site
was identified as being within a 30Kd plasmin fragment which was eluted
from a heparin-Sepharose column by 0.25M salt and. is thought to be
equivalent to the 27Kd amino terminal domain described above (Richter,
Seidl and Hormann, 1981). Binding to this site was shown to be sensitive
to physiological levels of calcium ions. A second heparin binding fragment
(50Kd) has been located in the carboxyl terminal third of FN (Hayashi,
Schlesinger, Kennedy and Yamada, 1980) and was less sensitive to salt and
insensitive to divalent cations (Hayashi and Yamada, 1982). These two
heparin binding sites have recently been identified independently by the
use of monoclonal antibodies, one site being localised within the amino
terminal 27Kd domain, the other being approximately 30Kd from the carboxyl

terminus (Smith and Furcht, 1982). Heparin can also interact with the
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carboxyl terminal third of FN by a divalent cation sensitive mechanism

(Hayashi and Yamada, 1982).

The finding that GAG's and FN are the major constituents of subs{:rate
attached material (SAM) remaining following detachment of cells from their
substratum with EDTA (Culp, Murray and Rollins, 1979) and their codistribu-
tion in tissue culture (Hedman, Johansson, Vartio, Kjellen, Vaheri and
Hook, 1982) suggest that the interactions ocutlined above may be physiolo-
gically important. In addition FN has been shown to associate with
proteoglycans at the cell surface using a crosslinking reagent (Perkins,

Ji and Hynes, 1979).

As mentioned above FN binds with moderately high affinity to
hyaluronic acid, however the position of this binding site(s) is unclear
due mainly to the fact that FN will only bind effectively to hyaluronic

acid when FN is in an aggregated form (Laterra and Culp, 1982).

v) Interaction with DNA - IN has been shown to bind to DNA coupled
to Sepharose and bound to nitrocellulose membranes. A number of DNA-
binding fragments were identified withmolecular weights of 60Kd, 50Kd and
25Kd (Zardi, Siri, Carnemolla, Santi, Gardner and Hoch, 1979; McMaster and
Zardi, 1982; Hoch, 1982). However, imder physiological conditions the
interaction between FN and DNA is of low affinity and is abolished by 10mM
CaCl, or MyCl,, putting doubt on the importance of this interaction.
Recent evidence showing sequence homology between a 25Kd. DNA-binding
fragment of FN and the a subunit of the DNA-dependent RNA polymerase from
E. coli on the other hand, suggests that the interaction maY be of

biological significance (Pande and Shively, 1982).

Y
=]



vi) Interaction with the cell surface - The interaction of FN with
the cell surface is perhéps the most important of its binding activities
since it is thought to be involved in most, if not all, of the proposed
functions of FN. The cell binding domain of FN has been shown to be
separate from the gelatin- and heparin-binding domains and has recently
been identified in a 12Kd fragment which is capable of mediating cell
attachment and spreading (Pierschbacher, Hayman and Ruoslahti, 1981).
The primary structure of this domain has now been determined and shown
to consist of 108 amino acid residues and to contain no carbohydrate
(Pierschbacher, Ruoslahti, Sundelin, Lind and Petersen, 1982). It has
been positioned in a central region of FN between the gelatin-binding
domain and the carboxyl heparin-binding domain 127-197Kd from the amino
terminus. This is supported by Ehrishman et al. (1982) who localised a
cell attachment sité between 153 and 165Kd from the amino terminus of
horse serum FN. The close proximity of the heparin domain and cell
attachment domain was shown by the isolation of a 42Kd chymotyptic/pronase
fragment from horse serum FN which promoted myoblast attachment and also
bound to heparin-Sepharose (Ehrishmann et al., 1982). The two are clearly
distinct however since other workers have identified fragments which
pramote cell attachment but do not bind to heparin (Hayashi et. al.,
1980; Pierschbacher et al., 1981).

c) Plasma versus cellular FN

The relationship between plasma and cellular FN is not clear at
present although they appear to be structurally similar and to qualitatively

display the same biological activities. As well as having related amino
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acid compositions, peptide maps, spectroscopic and hydrodynamic properties,
and being immunologically cross-reactive both forms are capable of binding
to gelatin, heparin, actin, DNA, S. aureus, Factor XIIIa and the cell
surface (Hayashi and Yamada, 1981). Differences between the two forms do
however exist. Cellular FN is generally insoluble at neutral pH, exists
as a multimeric form at the cell surface and migrates as a single band on
reduced SDS-PAGE while pFN is a soluble dimer at neutral pH and migrates
as a doublet on reduced SDS-PAGE (Alexander et al., 1978 and 1979; Hynes
et al., 1978} Hynes and Destree, 1977). As mentioned earlier variations
in carbohydrate content and sugar linkages occurs between the two forms
with cFN containing fucose and less sialic acid than pFN which in turn
lacks fucose. Quantitative differences in the biological activities of
cellular and plasma FN have also been reported. Cellular FN is m;re
active than the plasma form in restoring normal morphology to transformed
cells (50x), haemagglutination of sheep red blood cells (150-200x), and
mediating NIL/HSV cell attachment to plastic (2-3x) (Hynes et al., 1978;
Yamada and Kennedy, 1979). The two forms are however equally active in
promoting cell attachment and spreading (Yamada and Kennedy, 1979) and
also in promoting uptake of particles by macrophages (Marquette, Molnar,
Yamada, Schlesinger, Darby and Van Alten, 1981). Clearly pFN can bind to
the cell sﬁrféce receptor as well as cFN under certain assay conditicns.
Indeed molecular cloning and nucleotide sequencing of the cell attachment
domains of human pFN and cFN from a fibrosarcoma cell line show the two
to be identical (Oldberg, Linney and Ruoslahti, 1983). It may be that
the assays in which the biological activity of the two forms differ
requires FN in an aggregated or multimeric form and since pFN shows a

reduced tendency to éggregates than cFN it would be less active in these
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