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sumyy: Differences in daMin structure between human fibronectins 
cbtarned fran pericellular matrix and plam have been revealed by limited 
proteolysis and S-cyanylaticn, followed by identification of each danain with 
danain-specific antibodies. Although the overall Wnain structure is similar 
between pericellular and plam fibronectins, the fragments derived fran the 
CXXXi-terminal region of these fibronectins, which were defined by specific 
antibodies, exhibited clear differences in their molecular wsights and 
protease susceptibility, suggesting that the structure near the c!CIW-terminal 
region is significantly different b&&en these two proteins. 

Fibronectins WNsl) are a grasp of high molecular weight glycoproteins 

present in the pericellular matrix and bcdy fluids (for reviews, see Refs. 

l-6). ENS purified fran various sources share xost chenical, biological, and 

imnunolcgical prcperties, yet there are saris differences in their subunit 

size, their solubility, the structure of their carbohydrate units, and in 

sams biological activities (see reviews above). The basis of the molecular 

heterogeneity of ENS is only poorly understood. FNs consist of at least fcur 

distinct &reins that are referred to as Hep-l/Fibl, w, Cell/Hep-2, and 

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

*This invstigation was supported by a research grant fran National Institute 
pf Health CA 23907. 

Abbreviations: EN, fibrcnectin; H 
that binds to heparin and fibrin; 
darnain; Cell&p-2, the 155K/l45K &n that binds to cell surface and 
heparin; Fib2, the CCCfi-terminal 22K domain that binds to fibrin; Buffer A, 
10 IrM Term (pH 7.6) containing 0.5 x&l EIYFA and 50 nM NaCl; NICB, 
2-nitro-5-thiocyanobenzoic acid; EMSF, phenylmethylsulfonyl fluoride. Each 
frmt is designated by its apparent molecular wsight. Far exa@e, a 
Mr=32,000 fragnent is referred to as 32K framt. The prefix "SC' specifies 
S-cyanylation-cleaved fragxbents. 
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fran NH2- to CC@+terminus in the above order and can be easily separated 

Eran each other by mild protease treatment followed by affinity column 

treatment (7-9). In this cfnmunication, we cinpred the imnunostaining 

pattern with dsrmin-specific antibodies directed to various fragments 

released fran human plasma E'K and pericellular matrix FN (called hereafter 

ll&lul.arll FN) by limited proteolysis and S-cyanylation. The results indicate 

that there are distinctive structural differences between plamna and cellular 

FNs near theCCOH-tenninalregian. 
MATERIAlsAND- 

~unan plasma FN was purified on gelatin-Sepharose (8). Hunan foreskin 
fibrcblasts were grown in Dulbecco's modified Eigle's medium supplemented 
with 10 % fetal bovine senm. The confluent monolayer was extracted with 10 
a Tris-buffered saline (pH 8.0 1 containing 0.5 % sodim decncycholate and 1 
r&l PM!3F according to Heiinan et al. (10). In saw experiments, the 
detergent-insoluble matrix was further extracted with 25 &l Tris buffer (pH 
7.6) containing1 MNaCl. The resulting matrix was washed with Buffer A (10 
x&4 Tris.HCl (@i 7.6) containing 0.5 r&l FKYTA and 50 n@l NaCl) three times and 
then subjected to protease digestion or S-cyanylation. S-cyanylation by 
2-nitro-5-thiocyanobenzoic acid WCS) was performed as described previously 
(9). 

Antibodies specific to each damin were prepared by innunizing New 
Zealand white rabbits with the purified danain fragments emulsified with 
Freund's catplete adjuvant (7). The fragments used for imnunization are: 32K 
tryptic fragment for H-l/Fib-l danain; 44K gelatin-binding thezmolysin 
fragment for Gel damain; a 61K NH -terminal region of the 155K/l45K 
thermolysin fra-giiients for Cell&p-Z &in; 22K ther~~lysin fragment for 
Fib-2 domain. These fragments me purified by a series of affinity 
chramtography and DEAE-cellulcee chr~tcgraphy as described (7,8) and by 
subsequent preparative gel electrophoresis. TW monoclonal antibodies 
directed to hm plasma EN, IST-1 and IST-4, were prepared as described 
previously (11). IS-1 is directed to CXXi-terminal region of Cell/H+-2 
danain, &e., Hep-2 subdonain, wh ereas IST-4 is directed to the -terminal 

3 region of the same dmmin (K-S., A.S., S.H., and L.Z., man cript in 
preparation). 

SDS-polyacrylamide gelelectrcphoresis was performed according to Lamnnli 
(12). Electrotransfer of proteins fran polyacrylamide gels to nitrocellulose 
was carried out by the method of lbwbin et a$25 (13). Iamuncstaining of the 
nitrocellulose blots with the antibodies and I-protein A was performed as 
described previously (7). 

Detergent-insoluble matrix as a souroe of cellular FK: The sodium 

deoxycholat+insoluble matrix Contains three major ccqonents, IN, 200K, & 

45K proteins. The latter two proteins appear to correspond to myosin and 

actin, and can be mostly rfmKWs.d by subseguent washing with 1 M NaCl 

(ccnpare the protein staining of the matrix of Fig. lA and 2A). These 

matrices, with or without a 1 M NaCl wash, were used as a source of cellular 

EN thrcughout the present study. 
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Figure 1: Imnunostaining of the thermolysin digest of plasM FN (p) and the 
detergent-insoluble matrix (m) with domain-specific antibodies. Plasma FN 
(1.0 mg) and the matrix on the 15 an culture dishes were digested by 
thermolysin (5 us/ml) in 2 ml of Buffer A containing 2.5 r@l CaCl at 22' for 
different periods of time. The digests were analyzed by SDS-&yacrylamide 
gel electrophoresis and subsequent imnunostaining of the nitrocellulose blots 
with danain-specific antibodies. A, protein staining with Cocsmssie blue: 
B-F, inrnunostaining of the nitrocellulose blots with IST-4 (B), IST-1 (C), 
anti-Gel antibodies (D), 
antimes (F). 

anti-Hepl/Fib-1 antibodies (E), and anti-Fib-2 

Thera~~lysin fragments: Cellular EN in the detergent-insoluble mtrix was 

cleaved by thermolysin into the same set of fragments as those obtained fran 

plasma FN (Fig. 1). The Cell/Hep-2 dmtain of both FNs wss obtain& as 
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155K/145K fragments that were specifically recognized by tm mmoclonal 

antibodies, IST-1 and IS%4 (Fig. 1, panel B and C). However, most of this 

damin derived fron cellular FN was further degradd 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 

eights released frcm this danain upon prolonged thenmlysin digestion ware 

also strikingly different between cellular and plasm ENS. !lMo fragments, 40K 

and 3OK, were released fran plasma FE and a single broad 34K fragment was 

released fran cellular FN. These fragments were all stained by IST-1 (Fig.1. 

panel C) but not by IST-4 (Fig. 1, panel B). The 40K and 30K fragment has 

been shown to be derived from the heparin-binding region of the Cell/Hep-2 

damin, L.e., Hep-2 s&da&n, located at the CQDH-terminal region of the 

Cell/HepZ damin (K.S., A.S., S.H., and L.Z., manuscript in preparation). 

These results indicate that the structure around Hepz sub&main is 

significantly different between cellular and plasma FNs. 

The Gel danain of both ENS was recovered as 44K fragment and its - 

precursor, 60K (Fig. 1, panel D). 'Ihe NB2-terminal Hep-l/Fib-l danain of both 

FNs was also obtained as 24K fragment and its precursor 27K (Fig. 1, panel 

E), indicating that the dmain structure of the NH2-terminal portion of the 

plasm and cellular ENS are very similar, if not identical. 

The COOH-terminal Fib2 danain of both lWs was obtained as a 22K fragment 

and its precursor fragments with M~40,000-44,000 (Fig. 1, panel F). Howaver, 

this dcxnain of cellular FN appears to be less stable than those from plasm 

FN, because the 22K fragment fran cellular EN almost disappeared after 

prolonged digestion. 

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

37K, and 32K fragments, each of tiich can be specifically detected by 

Antis, Anti-Fib2, and anti-H-l/Fib-l antibodies, respectively (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 31, except that the anti-Gel - 

antibodies predaninantly stained a broad band with Mr=200,000 instead of 
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Ftgure 2: munostaining of the tryptic and S-cyanylation-cleaved fragments 
with darain-specific antibodies. Detergent-insoluble matrix and plasma FN 
were cleaved by trypsin (1 .gg/ml., 30 min) or by S-cyanylation. The resulting 
fragments were analyzed by SDS-polyacrylamide gel electrcphoresis and 
subsequent imnunostaining of the nitrocellulose blots with Win-specific 
antibodies. A, protein staining, B-D, imnunostaining of the nitrczellulose 
blots with anti-Gel (B), anti-Hep-l/Fib-l (0, and anti-Fib2 (D) antibodies. 
Lane 1, intact Gix; lane 2, intact plasm FN; lane 3, the trypsin digest 
of the mtrix; lane 4, the trypsin digest of plasma EN; lane 5, 
S-cyanylation-cleaved fragments of the mtrix; lane 6, S-cyanylation-cleaved 
fragments of plasma FN. 

215K/l85K fragments. The Fib-2 damin of the entire cellular FN was 

quantitatively degraded into a 37K and its possible precursor 43K fragments, 

whereas these fragments were only released fran the Fib-2 dcmain of a , but 

not f3, subunit of plasm FN (7). This indicates that cellular FN is more 

related to a subunit than S subunit of plaza FN in tems of try&n 

susoeptibility. It is also noted that the 43K precursor fragment fran 

cellular FN is sligbtly mailer than the corresponding fragment fran plasma 

EN (Fig. 2, panel D, lane 3 and 4). 

S-oyanylation fragments: S-oyanylation of bman plasm FN produoed three 

major fragments, so16OK, sc135K, and so125K (Fig. 2, panel A, lane 6). 'Ibe 

scl6OK fragment was stained by anti-Gel and anti-Hep-l/Fib-l antibodies (Fig. - 

2, panel B and C, lane 6) and the sol35K and sol25K fragments were stained by 

anti-Fib-2 antibodies (Fig. 2, panel C, lane 6). !&is indioates that the 

scl60K and so135K/l25K fragments are, respectively, derived fran the 

~2-tennina1 half and the Cm+terminal half of a and P subunits. 
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S-cyanylation of cellular EN produced similar frarplent.9, .but the'&$arent 

molecular weights of these fragments are sl&ghtly different fran those of 

plasma FN...Dothanti-Gel and antitHel/Fib-1 &&c&es stained a.fra&& - 

that migrated slightly below the scl6OK fragment (Fig. 2, panel B and C, lane 

51, whereas the anti-Fib2 antibodies dei&ted -fragments with 

Mr=155,000-145,000 that are significantly larger thsn the sc135KJl25K fran 

plasma J?N (Fig. 2, panel D, lane 5). 

DISCDSSICN 
b%xt of cellular EN in the pericellular matrix exists as 

disulfide-bonded multimsr and is difficult to solubilize without strong 

denaturants and reducing agents (14,15). We developed a novel n&had to study 

the danain structure of the matrix EN by in situ fragmentation followed by -- 

identification of each danain by blotting on nitrocellulose and 

inmunostaining with danain-specific antibodies. The results clearly indicate 

that cellular FN is ccmposed of the same set of structural dcmains as plamna 

EN, i.e., Cell&p-2, s, Hep-l/Fib-l, and Fib-2 that cmn be obtained as 

155K/l45K, 44K, 24K, and 22K thermolysin fragments. Nevertheless, there are 

several clear differences between these EWs 'in the following aspects: i) 

Hep-2 subdanain of these ENS ware recovered as ckaly different thennolysin 

fragments, 4OK and 30K fran w  EN in~contrast to a broad 34K fmn 

cellular EN. ii) The Fib-2 daMin of cellular EN is &X stable than those-of 

plasma FN and, upon trypsin digestion, .is partljr'&esedas 4~'&+3nt 

that is slightly snal1e.r than the corresponding f-t-from plasna'FN. iii) 

CCOH-terminal half of cellular EN cbtained by S-cyanylation is~significantly 

larger than thatfranplamna FN. All of these results strongly indicate that 

the structure of the C0OH-tesniMl region includiag~and Fib-2 dunains 

is significantly different be- cellular and plamnaF&~. These differences 

appears to be due to the differences in the polypeptide portion rather than 

the carbohydrate, because the majority of the cxWht3hflrate units are 

localized in the s danain (16,171, and this &xnain did not show any 

apparent difference. Previously, Atherton and Hynes obtained a nunoclonal 
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antibody against hamster cellular FN which selectively binds to cellular, but 

not plasma, FN (18). Imnuncprecipitation of various proteolytic fragments 

with this antibody indicates that it is directed to the CfXB-temihal region 

of cellular FN, being consistent with the present observation. 

HayashiandYamada compared the structureof chicken cellular audplasma 

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 ENS; one is in the Gel damin and - 

others are in and/or around the Cell/Hep-2 damin. Although ws did not detect 

any difference in the Gel dcmain between hman ENS, this could be due to the - 

species difference. Interestingly, the structural difference betwaen a and P 

subunits of plasm FW is also localized at the juctional region between Hep-2 

and Fib-2 danains (7,19). Further studies on the primary structure as well as 

the gene organization of these danains and their junctional region will 

provide a clue to understanding the basis for the mlecular heterogeneity of 

FNS. 
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