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Summary: Differences in damain structure between human fibronectins
obtained fram pericellular matrix and plasma have been revealed by limited
proteolysis and S-cyanylation, followed by identification of each damain with
domain-specific antibodies. Although the overall domain structure is similar
between pericellular and plasma fibronectins, the fragments derived fram the
COOH-terminal region of these fibronectins, which were defined by specific
antibodies, exhibited clear differences in their molecular weights and
protease susceptibility, suggesting that the structure near the COOH-terminal
region is  significantly different between these two  proteins.

Fibronectins (E‘Nsl) are a graup of high molecular weight glycoproteins
present in the pericellular matrix and body fluids (for reviews, see Refs,
1-6). FNs purified fram various sources share most chemical, biological, and
immunological properties, yet there are some differences in their subunit
size, their solubility, the structure of their carbohydrate units, and in
same biological activities (see reviews above). The basis of the molecular
heterogeneity of FNs is only poorly understood. FNs consist of at least four
distinct domains that are referred to as Hep-l1/Fib-1, Gel, Cell/Hep-2, and

Fib-2 according to their biological activities (7). These domains are aligned

*This invstigation was supported by a research grant fram National Institute
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Abbreviations: FN, fibronectin; Hep-1/Fib-1, the NH,-terminal 24K domain
that binds to heparin and Fibring Gel, the gelatirjcollagen-binding 44K
damain; Cell/Hep-2, the 155K/145K damain that binds to cell surface and
heparin; Fib-2, the COOH-terminal 22K domain that binds to fibrin; Buffer A,
10 nM Tris/HCl (pH 7.6) containing 0.5 mM EDTA and 50 mM NaCl; NICB,
2-nitro-5-thiocyanobenzoic acid; PMSF, phenylmethylsulfonyl fluoride. Each
fragment is designated by its apparent molecular weight. For example, a
Mr=32,000 fragment is referred to as 32K fragment. The prefix "sc" specifies
S-cyanylation-cleaved fragments.
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fram NHZ- to COOH-terminus in the above order and can be easily separated
from each other by mild protease treatment followed by affinity oolum
treatment (7-9). In this communication, we compared the immunostaining
pattern with domain-specific antibodies directed to various fragments
released from human plasma FN and pericellular matrix FN (called hereafter
"cellular” FN) by limited proteolysis and S-cyanylation. The results indicate
that there are distinctive structural differences between plasma and cellular

FNs near the COOH-terminal region.

MATERIALS AND METHODS

Human plasma FN was purified on gelatin-Sepharose (8). Human foreskin
fibroblasts were grown in Dulbecco's modified Eagle's medium supplemented
with 10 & fetal bovine serum. The confluent monolayer was extracted with 10
mM Tris-buffered saline (pH 8.0) containing 0.5 % sodium deatycholate and 1
mM PMSF according to Hedman et al. (10), In some experiments, the
detergent-insoluble matrix was further extracted with 25 mM Tris buffer (pH
7.6) containing 1 M NaCl. The resulting matrix was washed with Buffer A (10
mM Tris.HCl (pH 7.6) containing 0.5 mM EDTA and 50 mM NaCl) three times and
then subjected to protease digestion or S-cyanylation. S-cyanylation by
2-nitro-5-thiocyanobenzoic acid (NTCB) was performed as described previously
(9).

Antibodies specific to each domain were prepared by immnizing New
Zealand white rabbits with the purified domain fragments emulsified with
Freund's camwplete adjuvant (7). The fragments used for immunization are: 32K
tryptic fragment for Hg:l/Fib—l domain; 44K gelatin-binding thermolysin
fragment for Gel damain; a 61K NH,~-termminal region of the 155K/145K
thermolysin fragments for Cell/Hep-2 in; 22K themmolysin fragment for
Fib-2 domin. These fragments were purified by a series of affinity
chramatography and DEAE-cellulose chramatography as described (7,8) and by
subsequent preparative gel electrophoresis. Two monoclonal antibodies
directed to human plasma FN, IST-1 and IST-4, were prepared as described
previously (11). IST-1 is directed to COOH-temminal region of Cell/HgZ
domain, i.e., Hep-2 subdamain, whereas IST-4 is directed to the NH,-terminal
region of the same domain (K.S., A.S., S.H., and L.Z., manufcript in
preparation).

SDS-polyacrylamide gel electrophoresis was performed according to Laanmli
(12). Electrotransfer of proteins from polyacrylamide gels to nitrocellulose
was carried out by the method of Towbin et abs {13). Immunostaining of the
nitrocellulose blots with the antibodies and I-protein A was performed as
described previously (7).

RESULTS
Detergent-insoluble matrix as a source of cellular FN: The sodium

deoxycholate~-insoluble matrix contains three major components, N, 200K, and
45K proteins. The latter two proteins appear to correspond to myosin and
actin, and can be mostly removed by subsequent washing with 1 M NaCl
(campare the protein staining of the matrix of Fig. 1A and 2A). These
matrices, with or without a 1 M NaCl wash, were used as a source of cellular

FN throughout the present study.
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Figure 1: TImmunostaining of the thermolysin digest of plasma FN (p) and the
detergent-insoluble matrix (m) with domain-specific antibodies. Plasma BN
(1.0 mg) and the matrix on the 15 amn culture dishes were digested by
thermolysin (5 pg/ml) in 2 ml of Buffer A containing 2.5 mM CaCl, at 22° for
different periods of time. The digests were analyzed by SDS-polyacrylamide
gel electrophoresis and subsequent immunostaining of the nitrocellulose blots
with domain-specific antibodies. A, protein staining with Coomassie blue;
B-F, immunostaining of the nitrocellulose blots with IST-4 (B), IST-1 (C),
anti-Gel antibodies (D), anti-Hep-1/Fib-1 antibodies (E), and anti-Fib-2
antibodies (F).

Thermolysin fragments: Cellular FN in the detergent-insoluble matrix was

cleaved by themmolysin into the same set of fragments as those obtained fram

plasma FN (Fig. 1). The Cell/Hep-2 damain of both FNs was obtained as
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155K/145K fragments that were specifically recognized by two monoclonal
antibodies, IST-1 and IST-4 (Fig. 1, panel B and C). However, most of this
domain derived fram cellular FN was further degraded upon prolonged digestion
into a 105K fragment which was specifically stained with IST-4 (Fig. 1, panel
B) but not with IST-1 (Fig. 1, panel C). Fragments with smaller molecular
weights released from this domain upon prolonged themmolysin digestion were
also strikingly different between cellular and plasma FNs. Two fragments, 40K
and 30K, were released fram plasma FN and a single broad 34K fragment was
released fraom cellular FN. These fragments were all stained by IST-1 (Fig.l.
panel C) but not by IST-4 (Fig. 1, panel B), The 40K and 30K fragment has
been shown to be derived fram the heparin-binding region of the Cell/Hep~2
domain, i.e., Hep-2 subdomain, located at the COOH-terminal region of the
Cell/Hep-2 domain (K.S., A.S., S.H., and L.Z., manuscript in preparation).
These results indicate that the structure around Hep-2 subdamain is
significantly different between cellular and plasma FNs.

The Gel domain of both FNs was recovered as 44K fragment and its
precursor, 60K (Fig. 1, panel D). The NHZ—terminal Hep-1/Fib-1 damain of both
FNs was also obtained as 24K fragment and its precursor 27K (Fig. 1, panel
E), indicating that the domain structure of the NHz—teminal portion of the
plasma and cellular FNs are very similar, if not identical.

The COOH-terminal Fib-2 damain of both FNs was obtained as a 22K fragment
and its precursor fragments with Mr=40,000-44,000 (Fig. 1, panel F). However,
this damain of cellular FN appears to be less stable than those fram plasma
FN, because the 22K fragment from cellular FN almost disappeared after

prolonged digestion.

Tryptic fragments: Human plasma FN was cleaved by trypsin into 215K/185K,

37K, and 32K fragments, each of which can be specifically detected by
anti-Gel, Anti-Fib-2, and anti-Hep-1/Fib-l antibodies, feSpectively (Fig. 2,
panel A-D, lane 4). Cellular FN was also cleaved by trypsin into a similar
sets of fragments (Fig. 2, panel B-D, lane 3), except that the anti-Gel

antibodies predaminantly stained a broad band with Mr=200,000 instead of
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Figure 2: Immunostaining of the tryptic and S-cyanylation-cleaved fragments
with domain-specific antibodies. Detergent-insoluble matrix and plasma FN
were cleaved by trypsin (1 ug/ml, 30 min) or by S-cyanylation. The resulting
fragments were analyzed by SDS-polyacrylamide gel electrophoresis and
subsequent immunostaining of the nitrocellulose blots with domain-specific
antibodies. A, protein staining, B-D, immunostaining of the nitrocellulose
blots with anti-Gel (B), anti-Hep~1/Fib~1 (C), and anti-Fib-2 (D) antibodies.
Lane 1, intact matrix; lane 2, intact plasma FN; lane 3, the trypsin digest
of the matrix; lane 4, the trypsin digest of plasma FN; lane 5,
S~cyanylation-cleaved fragments of the matrix; lane 6, S-cyanylation-cleaved
fragments of plasma FN,

215K/185K fragments. The Fib-2 damain of the entire cellular FN was
quantitatively degraded into a 37K and its possible precursor 43K fragments,
whereas these fragments were only released from the Fib-2 domain of a , but
not 3, subunit of plasma FN (7). This indicates that cellular FN is more
rekated to o subunit than (3 subunit of plasma FN in temms of trypsin
susceptibility. It is also noted that the 43K precursor fragment from
cellular FN is slightly smallexr than the corresponding fragment fram plasma
FN (Fig. 2, panel D, lane 3 and 4).
S-cyanylation fragments: S-cyanylation of human plasma FN produced three

major fragments, scl60K, scl35K, and scl25K (Fig. 2, panel A, lane 6). The
scl60K fragment was stained by anti~Gel and anti-Hep-1/Fib-l antibodies (Fig.
2, panel B and C, lane 6) and the scl35K and scl25K fragments were stained by
anti-Fib-2 antibodies (Fig. 2, panel C, lane 6). This indicates that the
scl60K and scl35K/125K fragments are, respectively, derived fram the

NHz—tenninal half and the OOOH-terminal half of o and [3 subunits.
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S-cyanylation of cellular FN produced similar fragments, but the apparent
molecular weights of these fragments are slightly different fram those of
plasma FN. Both anti-Gel and anti-Hep-1/Fib-1 antibodies ‘stained a. fragment
that migrated slightly below the scl60K fragment (Fig. 2, panel B and C, lane
5), whereas the anti-Fib-2 antibodies detected - fragments with
Mr=155,000-145,000 that are significantly larger than the scl35K/125K fram

plasma FN (Fig. 2, panel D, lane 5).

DISCUSSION
Most of «cellular FN in the pericellular matrix exists as

disulfide-bonded multimer and is difficult to solubilize without strong
denaturants and reducing agents (14,15). We developed a novel method to study
the domain structure of the matrix FN by in situ fragmentation followed by
identification of each domain by blotting on nitrocellulose and
immunostaining with damain-specific antibodies. The results clearly indicate
that cellular PN is composed of the same set of structural domains as plasma
FN, i.e., Cell/Hep-2, Gel, Hep-1/Fib-l, and Fib-2 that can be obtained as

155K/145K, 44K, 24K, and 22K thermolysin fragments. Nevertheless, there are
several clear differences between these FNs 'in the following aspects: i)
Hep-2 subdamain of these FNs were recovered as cléaly different thermmolysin
fragments, 40K and 30K fram plasma PN in -contrast to a broad 34K from
cellular FN. ii) The Fib-2 domain of cellular FN is lees stable than those of
plasma FN and, upon trypsin digestion, is part;lir. released as 43K -€ragment
that is slightly smaller than the corresponding fmgnent"ficm plasma ¥N. iif)
COOH-terminal half of cellular PN obtained by S—cﬁnﬂatim is-significantly
larger than that fram plasma FN. All of these results strongly indicate that

the structure of the COOH-terminal region including Hep-2 and Fib-2 damains

is significantly different between cellular and plésna ‘PNs. These differences
appears to be due to the differences in the polypeptide portion rather than
the carbohydrate, because the majority of the carbdhwirate units are
localized in the Gel damain (16,17), and this ~domain did not show any

apparent difference. Previocusly, Atherton and Hynes obtained a monoclonal
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antibody against hamster cellular FN which selectively binds to cellular, but
not plasma, FN (18). Immunoprecipitation of wvarious proteolytic fragments
with this antibody indicates that it is directed to the OOOH-terminal region
of cellular FN, being consistent with the present observation.

Hayashi and Yamada compared the structure of chicken cellular and plasma
FNs by thermolysin digestion followed by fractionation of the fragments on
various affinity colums (17). They found that there are at least three
regions which are different between the two FNs; one is in the Gel damain and
others are in and/or around the Cell/Hep-2 domain. Although we did not detect
any difference in the Gel damain between human FNs, this could be due to the
species difference. Interestingly, the structural difference between a and (3
subunits of plasma FN is also localized at the juctional region between Hep-2
and Fib-2 domains (7,19). Further studies on the primary structure as well as
the gene organization of these damains and their junctional region will
provide a clue to understanding the basis for the molecular heterogeneity of

FNs.
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