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S~Fibmectin (FN) was cleavedinto four functionallydisCnctdcx&nswith 
M1=150,000-140,000 (15OK-14OK), 40,000 (4OK), 32,000 (32K), and 21,000 (2lK) by 
either sequentialdigestionwithtrypsinand thenmlysinor~thfzmlysinalone 
~rd&ng-g-2~nE!qmdasprevicn+y,&esc$Ed mf.7ofthetext). Amngthm, 

dmmnsboundtof~~tietheothertmdawins,the4OK 
danain which birds to gelatin and the 15OK-140K ckmain vrhich binds to heparin and 
pmmtescellqmading,didmtbindt~fibrin. Cneof the fibrin-bi&ingdanains, 
the32Kdanain,waspresentinbaththelargerandsndLler~~ofintactFN, 
butthe21KdaMinwascollypresentinthelarger,~tabsentinthesndller,s~ 
unit. 

Fibronectin (FN)f)previously termed galactoprotein a (l), IEI'S (2), etc., is 

amcmmlecularglycoprotein almndantlypresfmtinthepericellularmtrix~ 

in plasMalthoughFNfra~etwosourcesisdifferent (for recentrevims, 

see 3-5). FNisconsideredtobecanposedofseverdLstructuraldaMinswkich 

are ammcted by flexible peptide segmmts (6). Recently, we have succeeded in 

quasi-quantitative separation of three mjor structural daMins with I&=150,000- 

140,000 (15OK-140K), 40,000 (40K), and 32,000 (32K) by sequential digestion with 

tqpsin and thenmlysin (7). Thesedcminsweefoundtobedistinctfraneach 

other in their binding specificity to collagen, glyrmmnimglycans and in their 

ability to prcfmte cell spreading (7). 

Present oxmmmicaticn de5cribes the separation of a danain with Mt=21,000 

(2lK) inaddition tothe sixuctu~-aldaminsaspreviouslydescribed (7), and 

identificationof tmdistkct fibrin-bindingdanains i.nFN. Pl.asraFNhasbeen 

kncwn to consist of tw s&units, the larger (-230,000) and the smaller 

l)Institutes of Health, cA23907. 
Abbreviations: FN, f&x-one&in; K, 103; I-, relative mlecular weight. 
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(Mr=210,000) polypeptides. This preliminaty notealso reportsan unequal 

distribution of fibrin-binding drains in these two subunits; i.e., one of the 

ws, the 2lK &main, is present exclusively on the larger subunit, 

M?cEmms AND METHOIX 

Muter&k: Thertmlysin, gelatin (fran swine skin, type I), bovine fibrinogen 
(typeIv)~eobtainedfranSigmaandtrypsinfran~~nBiochanicdls. 
~latin-~sewaspreparedaccordingtocuatrecasasandAnfinsen(8). 

Pwification and ProteoZytic Digestion of FAr: FN was purified fman hamster 
plasm by affinity chrcm?amap& on a gelatin-Se-se column as described 
(7). Themolysindigestionof FNwas performdby incubatingm (approx. lmg/ 

ml) with thenmlysin (2.5 ug/ml) in the presence of 2 IT&I CaC12 at 22T for 4 h. 
Themmlysinwas inactivated&adding 5mMEIYIA. Tqpsindigestionwas carried 
out by incubating EN (apprax. 1 rq/ml) with trypsin (1 pg/inl) at 22OC for 15 min. 
The 2OOK-180K tryptic fragments me isolated with gelatin-Sepharose as described 
(7) and further purified by gel filtration with Sephacryl S-200. separation of 
the 200Kfragn~ntfmnthe180Kwas achievedthrougha fibrin-Sepharosecolmm. 
The 32K tryptic fragment was purified by heparin-agarose chranatogra&y. 

Isolation of Fibrin-Binding Fragments: Fibrinogen was immobilized on Sepharose 
4BaccordingtoCua trecasasandAnfinsen (8) and subsequently c0nlxz-t~ to 
fibrin by incubating with thmnbin (1 unit/ml) for 30 min at 22T. Tb isolate 
the fibrin-binding fragmmts, theproteolytic digest of intact FNwas applied to 
a fibrin-Sepharosecolm (approx. 51-q ofproteinpermlofpackedgel) quili- 
brated with 25 z@l Tris buffer containing 0.5 IIM EDTA and 100 nW NaCl, pH 7.6. 
Thecolmmwas extensivelywashedwiththe 251WllYis buffer. Boundmaterials 
were eluted fmthe colmmwiththe 25mMTris buffer contaking 8Mura. 

SDS-PoZyacrykmide Gel Electrophoresis: SDS-polyaczylami~ gel electrophoresis 
was performed according to Laetmli (9) with 9% polyacrylmide gels as described 
(7). 

Mr 

x103 

-150 
-l40 

-40 

123456 

Fig. 1. Themr~lysin digest&m of intact FN and purified tryptic frmts. 

Intact FN (lax 1 and 2), the purified 2OOK-18OK tryptic fracpmts (lane 3 and 41, 
and t&purified 32K fragmnt (lane 5 and 6) weredigesbdwith themmlysin 
(2.5 ug/rnl) for 4 h at 22'T. Uane 1, 3, 5), before digestion; (lane 2, 4, 6), 

after digestion. 

710 



Vol. 97, No. 2, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

RESULTS AND DISCUSSION 

The 21K fragment, ox additional structuraZdovuin of plasma FN yielded by 

thermoZysin treatment and its origin: FN fmnhams*pl.asMis ccqmsedoftm 

subunit polypeptides with approx. Mz=230,000 (23OK) and 210,000 (21OK) (Fig. 1, 

lane 1). ThexmAysin digestion of intact FN prcduced four functionally distinct 

fragments; (i) Mr=l50,000 (15OK) and 140,000 (14OK) fragmnts which bound to 

heparin, and pramted cell spr&g (7), (ii) W40,OOO (40K) fragmnt which 

bound to gelatin (7), (iii) Mr=24,000 (24K) fragmnt which bourad to heparin (7), 

and (iv) ?&=21,000 (21K) fragmnt (Fig. 1, lane 2). In-contrast, mild trypsin 

digestion only released a %32,000 (3213) fragmnt frcm both 230K and 210K sub- 

units which were co- izntly amvert& to m=200,000 (200K) and 180,000 (180X) 

fragments, respectively (7, also see Fig. 2 lane 6). The tryptic framts, 

200K-180K (Fig. 1, lane 3) and 32K (Fig. 1, lane 5) were separated by a gelatin- 

Sepharose oolmmandeachpurified fragmentwas separatelydigestedby themmlysin. 

The 2l.K fragmntwas only generated fran the 2OOK-180K tryptic fragments together 

with the 15OK-140K and 40K fragments (Fig. 1, lane 4). The 21K fragrrentwas not 

generated fm the tryptic 32K fragmmt (Fig. 1, lane 6), instead, the 32K frag- 

ment was quantitatively converted to a 24K fragment by Ulysin treatment. 

The results clearly indicated that both the tryptic 32K and the themolysin- 

released 24K fracpnentrepresentanidentical damin in intact FN. The results 

also indicated that the origin of the trio thentwlysin-released fragments, 2lK and 

24K, is entirely different as described above. 

!&JO fibrin-binding fragments, 24K and 21K, produced by theMnoZysin digestion 

of +ztact FN and their origin: Since FN has been shown to bind to fibrin (10,ll) 

as well as collagen (7,12,13) and heparin (14,15), the themmlysin digest of 

intactFNwas fractionateawithfibrin-Sepharosetoidentifythefibrin-binding 

fragment(s). Only the 24K and 21K fragments bound to fibrin, whereas the 15OK- 

140K fragments (which bound to heparin and pramted cell spreading) and the 40K 

fracgnent (which bound to gelatin) failed to bti a fibrin-Sepharose column 

(Fig. 2, lane l-4). Thisindicatedthattherewere~distinctfibrin-binding 
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THERMOLYSIN 
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el Fig. 2. SDS-polyacxylmide gel ectrcphoresis of fibrin-biding fragmnts. 

FN vas digested b either tkI.ndysin (left) or try&n (right~l~~l 
fragmntskerechmm~a~mafibrin- sepharosemlm. * * 
were described LuKkr "rnterials and Metkds". Lane1and5,intactFN;lane2 
and6, tbemfractionateddigest; lane 3ti7, fragmntstichpassedthmugh 
theaolmn;lane4and8,fr~~~chboundtothecolurn. Proteinbands 
were shined with Caxnassie blue. 

sites in intact FN, neitherofwhichwas on the gelatin-bindingdaminandthis 

finding is mntradictory to previous results (16). 

!lbC!CXlfi.ITllthep- oftvm different fibrin-binding sites inFN, the 

trypsindigestof intactFNwas fractionatedwitha fibrin-Sepharose column 

(Fig. 2, lane 5-8). Of the two tryptic fragmnts (2OOK-18OK), only the 200K 

fragmntbxmdto fibrin, unexpectedly, the18OKfragmntfailedto bindto a 

fibrin-Sepharose aA.ntm. The 32K tqptic fragmnt, fmn which the 24K the~~Aysin- 

releasedfragmntwasderiv&,wasalsocapableofbindingtofibrin. Sincethe 

2lK fragment, another fibrin-binding fragmnt releasedby~lysin,wa~ Only 

generated fmn the 2OOK-180K tryptic fragments (see Fig. 1, lane 51, the 

"2lK domain" was conceived to be present only in the 2OOK, but absent inthe 180K 

fragment. To substantiate this possibility, each of the 200K and 180K fragments 

~seiparatedf~eachotherthroughafibrin-~sewlurr~lasabave,and 

separately digested by themolysin. As skin in Fig. 3, the 2lK fragmntwas 

generated only fm the 200K tryptic fraqm-k together with 15OK-14OK and 4OK 

fragmnts, but it was not generated frrrn 180K fraqent. This result axfimed 

the presence of 2lK in 200K tryptic fragment, but the absence of it in the 180K 

tryptic fragment. Tine course analysis of the therrmlysin digestion of the 200K 
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Fig. 3. 'l'hermlysin digestion of 200K and 18OK tryptic fragments. 

Each of the 200K ard 180K fragments was isolated as deaumiked u&r "Materials 
andMethods" and mtxqwntlycligestedwiththenrplysin. Lanel, intactEN; 
lane 2, themmlysin digest of htact EN; lane 3, 200K anl 18OK tryptic fragments 
purified on a Sephacql S-200 mlunn; lane 4, isolated 200K fragmnt; lane 5, 
themmlsyin digest of the 200K fragmnt; lane 6, isolated 18OK fragment: lane 7, 
themmlysin digest of the 180K fragmnt. 

fragment &wed that, of the 150K-140K fragments, the 150K fragment was pre 

dminantlyproduced intheearlystageofdigestionandgraduallyconvertsd 

the 14OK (data not sl’mn), suggesting that the 15OK and 140K fragments were 

respectively derived fran the 230K and 210X submits. 

to 

A model showing unequal distribution of fibrin-binding sites among two subwaits 

of plasma FN: Figwe 4 summarizes theproposed schfmfzofprvte~Aytic fraqmen- - 
230,0X 

1 k 
--aO,OXl . .s 

I LIS 

TRY+tN 

Fig. 4. l&de1 for the aquential fragmentation of intact FN with trypain ard 
thenmlysin. 
'h~fibri~~bindiqdx~~ins,hid~arer eomered as 32Ktqpti.c (or 24K thenmlysin- 
released) and21Kthenrolysin-releasedf~~areshownassolidbars. For 
details,seethetext. 
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tationof intact FN by swtial digestionwithtrypsinandthemtmlysin, 

ei@msizing the presence of two distinct fibrin-bjnding fragments. Mx.t important 

featureof thisrmdelis theunequaldistributionof the 21K fibrin-binding 

-between ti non-identicalsubunitpolypeptides. Heterogeneity of the 

subunits canbebasicallyattributedtotheabsenceof the 2lKdakninthe 

smaller (2lOK) subunit, although mother structural differencesalso seeinto 

exist in the 15OK-140K damin. Ontheotherhand,boththe32Kdanaintich 

binds toheparinandfibrinandthe 40Kgelatin-bindingdcxknareassmedti 

be qlly present on both subunits. 

Previously, Eslgvall et a2 (16) proposed that the fibrinogen- (fibrin-) 

bindingsitewas l~lizedonthecollag~-b~domain,nainlybasedupon 

their findingthatgelatinstrongly inhibitedthebinding oflWto fibrincgen. 

Our present data clearly indicate that (i) the 40K gelatin-binding fragmnt did 

mt bind to fibrin, and (ii) neither the 24K r-m the 21K fibrin-btiing frag- 

n-cmts bound to gelatin. Since the 32Kdomainhas been shmntobe inthe 

juxtaposition of the 40K dmmin (17-19), the binding of gelatin to the 40K 

dcminmyhinderthe subsequentbindiqof fibrinogen tiFN. In supportofour 

conclusion, treatment of intact FN with 10 I@+I dithiothreitil, which strorqly 

inhibitedthebi&ingofFNtogelatin,didnotaffectthebindingofFN to 

fibrin (datanotshmn). 

We thank Drs. M. Fukuda and K. Fujikawa for helpful discussion, Mr. K. 
Hakcxmri for technical assistance, Mr. D. Urdal for reading themnuscript, and 
Mrs. C.M. Pagni for typing the manuscript. 
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