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Fraction (F) II and FIII obtained by heparin-Sepharose after

digestion of partially purified fibronectin (FN) with

cathepsin D and F3, obtained like FIII but from untreated

FN, exerted activity (arFN) on unfolded purified von

Willebrand factor (vWF) that controls vWF multimer size.

Our aim was to evaluate the arFN of F from commercial FN,

commercial 30 kDa (with heparin affinity), 45 kDa (gelatin

affinity) and 70 kDa FN fragments (gelatin and heparin

affinity) and whole FN. The arFN was detected in FII, FIII,

F2, F3, 30 kDa, 45 kDa and 70 kDa fragments. The least

contaminated sample was the 30 kDa commercial

fragment. Characterization studies of this sample revealed

two bands: a blurred band of approximately 60 kDa and a

sharp major band of 32 6 6 kDa. The 32 6 6 kDa band

fragment failed to produce arFN because it was stronger

than in F2 and FIII band fragments at the same position

and with the same arFN. Our data suggest that a fragment

of approximately 60 kDa that co-purified with FN, with

affinity to heparin and gelatin, has the arFN that controls

vWF multimer size. Blood Coagul Fibrinolysis 14:441–448
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Introduction
von Willebrand Factor (vWF) is a multimer glycopro-

tein required for platelet adhesion to exposed sub-

endothelium [1], released from endothelial cells as

unusually large multimers, while in normal plasma

unfolded vWF undergoes proteolysis by a specific

plasma protease (vWFCP) [2,3]. Recently, vWFCP has

been partially purified, characterized [2,3] and incom-

pletely amino acid sequenced [4,5]. The apparent

molecular weight (Mr) of the enzyme is approximately

300 kDa as estimated by gel filtration and requires

divalent cations for catalytic activity. Serine protease or

thioprotease inhibitors have no effect on the enzyme,

but ethylenediamine tetraacetic acid (EDTA) inhibits

protease activity [2,3]. vWFCP has been identified as a

new member of the metalloproteinase family [4,5].

Recently, it has been found that the incubation of

purified thrombospondin 1 (TSP-1) with vWF resulted

in formation of thiol-dependent TSP-1 and vWF com-

plexes, generation of new thiols in vWF and reduction

in average multimer size [6,7].

Our previous reports have demonstrated that a poly-

clonal antibody against fibronectin (FN) causes the

immunoprecipitation or blockade of a substance other

than whole FN that controls vWF multimer size [8]. As

an adhesive glycoprotein of blood and extracellular

matrix, FN contains two distinct sites with affinity for

heparin [9,10]. The Hep 1 site [9,10] is coincident with

the 29 kDa amino-terminal domain, active in binding to

fibrin [11,12], TSP [13] and other substances. In turn,

the Hep 2 site, near the carboxy-terminal end of the

protein, comprises one or more disulfide-lacking type

III FN modules [14,15].

Digestion of FN by cathepsin D and further separation

of generated fragments by different chromatographic

methods allowed the isolation of FN-fibronectinase,

FN-laminase, FN-gelatinase and FN-type-IV collage-

nases [16–19]. The separation of digest on heparin-

Sepharose 4B and elution with 0.1 mol/l NaCl [Fraction

(F) I] contains mainly reduced 95 and 45 kDa polypep-

tides. Elution with 0.25 mol/l NaCl (FII) contains

predominantly a major single-chain 70 kDa fragment

(Hep 1) together with a 190 kDa fragment. Elution

with 0.5 mol/l NaCl (FIII) contains a 140 kDa fragment

(Hep 2), which yields two 75 and 65 kDa polypeptides

after reduction [16,20]. Our preliminary data indicated

that FII and FIII obtained from partially purified FN

(homemade) digested with cathepsin D and a FIII-like
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fragment from undigested FN, lead to a loss of large

vWF multimers induced by high shear rate [21].

In the present study, we analyzed the effect on vWF

multimer size of the same fractions from commercial

FN, and specifically that of the commercial 70 kDa

amino-terminal FN fragment (with gelatin and heparin

affinity) and its trypsin digestion fragments: 30 kDa

(amino-terminal fragment responsible for heparin/fibrin

binding) and 45 kDa (with gelatin affinity).

Materials and methods
Materials

FN (F-0895) from human plasma, FN fragments of

30 kDa (F9911), 45 kDa (F0162) and 70 kDa (F0287),

cathepsin D, type I agarose, type III collagen (from calf

skin), 4-chloro-1-naphthol, N-ethylmaleimide (NEM),

Tween 20, pre-stained Mr standard, polyethylene glycol

(PEG) 10000, PEG 20000 and 10 mm flat width dialysis

tubing (D9277) were from Sigma (St Louis, Missouri,

USA). Rabbit antibodies to human: vWF (A082), FN

(A-245), biotinylated antiserum to rabbit immuno-

globulin (E353) and avidin–biotin–peroxidase complex

(ABComplex/HRP) (K377) were from Dako Corp (Car-

pinteria, California, USA). Sephadex G-100, Gelatin-

Sepharose 4B, Heparin-Sepharose 4B, CNBr-Sepharose

4B and Sephacryl S-1000 were from Pharmacia (Upp-

sala, Sweden). Acrylamide and bis-acrylamide were

from Fluka (Buchs, Switzerland). Polystyrene beads

with 1.531 �m diameter size were from Polysciences,

Inc. (Warrington, Pennsylvania, USA). Pefabloc was

from Boehringer Mannheim (Mannheim, Germany).

Nitrocellulose membranes were from BIO-RAD La-

boratories (Hercules, California, USA). All other re-

agents were of analytical grade.

Blood collection

Plasma was collected from whole human blood anti-

coagulated with 12.9 mmol/l sodium citrate using

two-step centrifugation (2500 3 g, 60 min; 10 000 3 g,
30 min) at 48C. A pool (n ¼ 30) of normal plasma

(PNP) was used as control.

Purified vWF

vWF was isolated from fresh frozen plasma of normal

volunteers following the procedures described by Thor-

ell and Blombäck [22]. The cryoprecipitate obtained

was dissolved in 55 mmol/l sodium citrate buffer,

5 mmol/l EDTA (pH 7.4) at room temperature and

purified by gel filtration with Sephacryl S-1000. Elution

was performed with 55 mmol/l sodium citrate buffer,

5 mmol/l EDTA (pH 7.4). Fractions were collected at a

3 ml/cm2 per h flow rate. Eluted fractions containing

vWF were pooled and concentrated using 20% PEG

10 000 in 0.15 mol/l NaCl (pH 8.5). We discarded frac-

tions containing FN detected by immunoelectrophor-

esis with a-FN [23].

FN fractions

A commercial FN (F-0895, 15 mg) solution was dia-

lyzed against 0.1 mol/l sodium acetate (pH 3.5) and was

digested with cathepsin D (0.05 mg) at 258C. After 4 h,

digestion was stopped by adjusting to pH 7.4. The

soluble sample was then dialyzed against 50 mmol/l

Tris–HCl (pH 7.4) buffer, which contained 0.1 mol/l

NaCl and 1 mmol/l EDTA. After dialysis, any precipi-

tate was discarded after centrifugation at 12 0003 g for

15 min. The supernatant was applied to a 1.63 2.5 cm

heparin-Sepharose 4B column equilibrated with

50 mmol/l Tris–HCl, 1 mmol/l EDTA, 0.1 mol/l NaCl

(pH 7.4). The same buffer containing 0.25 and 0.5 mol/l

NaCl, respectively, was used for stepwise elution. FI

was eluted with 0.1 mol/l NaCl, FII with 0.25 mol/l

NaCl and strongly bound FIII with 0.5 mol/l NaCl [20].

Fractions were concentrated and dialyzed against 30%

PEG 10 000 in 5 mmol/l Tris and 0.15 mol/l NaCl

(pH 8.5) and stored at –208C. F1, F2 and F3 were

obtained by affinity chromatography separation of non-

treated FN. Commercial fragments of 30, 45 and

70 kDa FN were reconstituted with 5 mmol/l Tris–

HCl, 0.15 mol/l NaCl (pH 8.5). In another set of experi-

ments, the 30 kDa fragment was incubated with

10 mmol/ml EDTA or 12 mmol/ml NEM or 1 mmol/ml

Pefabloc.

Commercial FN plus active and inactive (pH 7.4)

cathepsin D was also tested.

A plasma F of Mr , 90 kDa was obtained on a column

of Sephadex G-100 equilibrated in 0.05 mol/l Tris–HCl

(pH 7.5) containing 0.05 mol/l EACA, 0.02 mol/l sodium

citrate and 0.02% sodium azide. It was applied to a

column of gelatin-Sepharose 4B equilibrated with the

same buffer. F retained was eluted with 3 mol/l urea

[24]. Eluted F was dialyzed against 50 mmol/l Tris–

HCl (pH 7.4) buffer, which contained 0.1 mol/l NaCl

and 1 mmol/l EDTA, and applied to a column of

heparin-Sepharose 4B as already described [20]. The

0.25 mol/l and 0.5 mol/l NaCl-eluted F, F2a and F3a,

respectively, were dialyzed against 5 mmol/l Tris–HCl,

0.15 mol/l NaCl (pH 8.5). Besides, F2a and F3a were

applied to a column of CNBr-Sepharose 4B column

coupled with a-FN (according to the manufacturer’s

instructions) equilibrated with 5 mmol/l Tris–HCl,

0.15 mol/l NaCl (pH 8.5). The retained F was eluted

with glycine 0.1 mol/l (pH 2.5), neutralized, concen-

trated and dialyzed against PEG 20 000 in 5 mmol/l

Tris–HCl, 0.15 mol/l NaCl (pH 8.5). The unretained F

were called F2b and F3b.

Control of multimer size on unfolded vWF assay

All above samples were diluted with 5 mmol/l Tris-

HCl, 0.15 mol/l NaCl (pH 8.5) and full protease

activation of 120-�l aliquots achieved by preincubation

for 30 min at 378C with 18 mmol/l BaCl2. PNP aliquots
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of 120 �l diluted from 1/10 to 1/320 in 5 mmol/l Tris-

HCl, 0.15 mol/l NaCl (pH 8.5) buffer (pH 8.0) (also

incubated with BaCl2) were used for the calibration

curve. Purified vWF (0.5 U/ml) containing 18 mmol/l

BaCl2 was added to each sample, and then incubated

overnight at 378C [25] in dialysis tubing against 1.5

mol/l urea, in 5 mmol/l Tris (pH 8.0). After dialysis for

120 min against 0.15 mol/l NaCl, digestion was stopped

by addition of 20 mmol/l EDTA.

The activity of proteases to control multimer size was

measured in PNP. The arFN was the activity able to

control multimer size in FN fractions and fragments.

Some samples were incubated as controls without urea

in polyethylene tubes overnight at 378C, and 20 mmol/l

EDTA were added. vWF degradation was examined by

analysis of vWF multimer pattern and vWF collagen

binding capacity (vWF : CB).

vWF multimer pattern analysis

The technique of sodium dodecyl sulfate (SDS)–1%

agarose gel electrophoresis was performed as previously

described [26]. Stained gels were analyzed by den-

sitometric scanning with a SharpScanner (JX 330;

Hamburg, Germany), using ImageMaster Software

(Pharmacia, Newcastle, UK) to yield the retardation

factor (Rf) function, intended for use in deriving a

linear relative measurement of band position. A default

Rf value is given to each band in the lane for its

measurement, assuming that Rf equals zero at the start

and 1 at the end of the lane. In each assay, purified

vWF was considered Rf ¼ 0. A curve of Rf versus PNP

dilutions with unfolded purified vWF was plotted to

interpolate the sample Rf values and extrapolate the

percentage of arFN. We established that 1/10 PNP

dilution corresponded to 100% protease activity.

vWF collagen binding capacity

The arFN of FN fractions and fragments of 30, 45 and

70 kDa commercial FN on large vWF multimers was

determined according to our previously described

method [27].

A calibration curve was set up using PNP (1 : 20–1 : 640).

A curve with the median fluorescence value (vWF :CB)

versus PNP dilutions (1/10 ¼ 100% protease activity)

with unfolded purified vWF was plotted to interpolate

sample median fluorescence (WF :CB) values and ex-

trapolate the percentage of arFN.

Assay for vWF antigen

This assay is based on our previously described method

[27].

Protein quantification

Protein quantification was performed by Bradford’s

method [28].

Electrophoresis and immunoblotting

Fractions were resolved on 7, 8 or 10% SDS-polyacryla-

mide gel electrophoresis (PAGE) [29]. Samples were

prepared for electrophoresis by solubilizing in an equal

volume of 0.125 mol/l Tris–HCl (pH 6.8) containing

1.6 mol/l urea, 4% SDS, 20% glycerol and 0.04%

bromophenol blue with or without 5% 2-mercaptoetha-

nol for 5 min at 1008C. Unreduced and reduced samples

were electrophoresed at 40 mA. Gels were stained with

Coomassie brilliant blue. For western blotting, proteins

were transferred to a nitrocellulose membrane by

electroblotting in 25 mmol/l Tris, 192 mmol/l glycine

and 20% methanol buffer (pH 8.3). Transfer conditions

were 100 V for 1 h using a Mini Trans-Blot cell (BIO-

RAD Laboratories, Hércules, California, USA). After

blotting, the membrane was blocked with a 5% solution

of milk in phosphate-buffered saline (PBS) (10 mmol/l

sodium phosphate, 150 mmol/l NaCl; pH 7.4) for

30 min, then incubated for 19 h with 50 �g/ml polyclo-

nal rabbit anti-human fibronectin antibodies (A-245) in

the same solution. After thorough washing with PBS

containing 0.05% Tween 20, the blot was incubated for

240 min with biotin-conjugated swine anti-rabbit anti-

bodies, diluted 1/100 in the blocking solution. After

further thorough washing, the blot was incubated with

ABComplex for 240 min. Following washing, the blot

was stained with a substrate solution consisting of

60 mg 4-chloro-1-naphthol per 20 ml methanol and

80 ml PBS, to which was added 5 �l of 30% hydrogen

peroxide.

Statistical analysis

Means � standard deviations (SD) were calculated for

experiments based on more than three determinations.

Statistical significance was analyzed using an unpaired

Student’s t test.

Results
Effect of the commercial 30 kDa fragment on average vWF

multimer size

Rf values of unfolded purified vWF plus PNP dilutions

were as follows: 0.70 (100% protease activity), 0.48

(50% protease activity), 0.24 (25% protease activity)

and 0 (0% protease activity) (data not shown) (n ¼ 5).

Incubation of vWF (0.5 U/ml) with commercial 30 kDa

fragment (0.5 mg/ml) (Fig. 1, lane 1) resulted in a

decrease in average vWF multimer size, Rf ¼ 0.68;

according to the Rf values already described, corre-

sponds to 91% arFN. Unfolded vWF (0.5 U/ml) showed

no changes in vWF multimer size distribution (Fig. 1,

lane 3), with Rf ¼ 0.02 and 0% arFN.

As regards inhibitors, the addition of 10 mmol/l EDTA

to vWF (0.5 U/ml) with commercial 30 kDa fragment

(0.5 mg/ml) induced a slight reduction in average multi-

mer size (Fig. 1, lane 2,) with Rf ¼ 0.11, 8% arFN.
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Addition of NEM (12 mmol/l) resulted in partially

decreased vWF (Fig. 1, lane 4) with Rf ¼ 0.36, arFN ¼
44%. With the addition of 1 mmol/l Pefabloc, no

inhibition was found (data not shown).

Incubation of vWF (0.5 U/ml) with commercial 30 kDa

fragment (0.5 mg/ml) without urea showed no changes

in vWF multimer size distribution (Rf ¼ 0.05) (data not

shown).

Effects of commercial 30, 45 and 70 kDa fragments on

average vWF multimer size

In the following assays, vWF multimer size was eval-

uated by vWF : CB and vWF multimer pattern assay.

The curve of the means � SD of arFN (n ¼ 3) meas-

ured by vWF : CB (Fig. 2a) and Rf (Fig. 2b) versus

concentration of commercial FN fragments of Mr 30, 45

and 70 kDa showed the following results: 40% arFN

was reached with 0.21 mg/ml of 30 kDa fragment,

0.51 mg/ml of 45 kDa and 0.58 mg/ml of 70 kDa. The

30 kDa fragment had more than two-fold arFN versus

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Fig. 1

Sodium dodecyl sulfate–1% agarose gel analysis of unfolded von
Willebrand factor (vWF) multimer distribution from the following
samples: lane 3, purified vWF (0.5 U/ml); lane 1, purified vWF (0.5 U/
ml) plus commercial 30 kDa fibronectin (FN) fragment (0.5 mg/ml); lane
2, purified vWF (0.5 U/ml) plus commercial 30 kDa FN fragment
(0.5 mg/ml) plus 10 mmol/l ehtylenediamine tetraacetic acid; and lane
4 purified vWF (0.5 U/ml) plus commercial 30 kDa FN fragment
(0.5 mg/ml) plus 12 mmol/l N-ethylmaleimide
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Fig. 2

(a) Relationship between the mean values of percentage activity controlling von Willebrand factor (vWF) multimer (% arFN) of commercial 30, 45
and 70 kDa FN fragments and their concentrations (mg/ml). Samples were obtained by dialyzing purified vWF plus FN fragments activated with
BaCl2 overnight with 1.5 mol/l urea. Residual vWF was detected and quantified by vWF collagen binding capacity (vWF : CB) assay as described
in Materials and methods. The percentage of arFN was calculated against activated and dialyzed with urea dilutions of a pool of normal plasma
(PNP) added to purified vWF in each assay. (b) Relationship between the mean values of arFN percentage in commercial 30 kDa, 45 kDa and
70 kDa kDa FN fragments and their concentrations (mg/ml). Samples were obtained as described in (a). Residual vWF was detected and quantified
by sodium dodecyl sulfate–1% agarose gel electrophoresis and immunoenzymatic vWF stain as described in Materials and methods. Rf, retardation
factor
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the 45 kDa fragment and three-fold arFN versus the

70 kDa fragment.

Effect of fractions from commercial FN on the average vWF

multimer size

The curve of the means � SD of arFN (n ¼ 3) meas-

ured by vWF :CB (Fig. 3a) and Rf (Fig. 3b) versus FI,

II, III, F1, F2 and F3 concentration disclosed that 40%

arFN was reached with 0.05 mg/ml F3, 0.14 mg/ml

FIII, 0.10 mg/ml F2, 0.18 mg/ml FII or 0.30 mg/ml F1.

FI was insufficient to obtain 40% arFN.

The 30 kDa fragment had a similar arFN as FII and

less than four-fold arFN versus F3 and two-fold arFN

versus F2 and FIII.

Effect of commercial FN on the average vWF multimer size

Commercial FN plus active 0.60 mg/ml (pH 3.5) and

inactive 0.50 mg/ml (pH 7.4) cathepsin D showed 29

and 27% arFN, respectively (data not shown).

Effect of fractions from plasmatic aliquots with Mr <90 kDa

on the average vWF multimer size

F2a (0.034 mg/ml) and F3a (0.023 mg/ml) exhibited 72

and 87% arFN, respectively. F2b (0.028 mg/ml) and

F3b (0.039 mg/ml) exhibited 90 and 68% arFN, respec-

tively (data not shown).

Characterization studies

Several bands more than expected were found in 7%

SDS-PAGE under non-reducing conditions of FI, FII,

FIII, F1, F2, F3, and FN treated with cathepsin D

(pH 3.5 and 7.4) (data not shown). The commercial

45 kDa fragment disclosed a set of bands with very

high Mr and bands of 61 � 5, 56 � 6 and 43 � 4 (n ¼ 3),

but lacked bands with low Mr. The commercial 70 kDa

fragment revealed a set of bands with very high and

low Mr, and the following bands: 71 � 3, 61 � 7, 58 � 3

and 50 � 4 (n ¼ 3) (data not shown).

Figure 4 shows 10% SDS-PAGE under non-reducing

conditions and immunoblotting with a-FN from the

30 kDa fragment (50 �g/ml), F2 (20 �g/ml) and FIII

(28 �g/ml).

The 30 kDa commercial fragment revealed the follow-

ing bands: a blurred Mr band of approximately 60 kDa

and a well-defined band of 32 � 6 kDa (n ¼ 3) (Fig.

4a). Immunoblotting with a-FN revealed at least two

bands of 70 � 10 and 55 � 12 kDa within the blurred

60 kDa band (n ¼ 3) (Fig. 4b). The 30 kDa fragment

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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(a) Relationship between the mean values of percentage activity controlling von Willebrand factor (vWF) multimer size (% arFN) of fraction (F) I, FII,
FIII obtained by elution with 0.1 mol/l NaCl, 0.25 mol/l NaCl and 0.5 mol/l NaCl heparin-Sepharose chromatography from partially purified FN
degraded with cathepsin D, and F1, F2 and F3 obtained by the same method but from untreated FN, versus their concentrations (mg/ml). Samples
were obtained by dialyzing purified vWF plus FN activated with BaCl2 overnight with 1.5 mol/l urea. Residual vWF was detected and quantified by
vWF collagen binding capacity (vWF : CB) assay as described in Materials and methods. (b) Relationship between the mean values of percentage
arFN activity in fraction (F) I, FII, FIII obtained by elution with 0.1 mol/l NaCl, 0.25 mol/l NaCl and 0.5 mol/l NaCl of heparin-Sepharose
chromatography from partially purified FN degraded with cathepsin D, and F1, F2 and F3 obtained by the same method but from untreated FN,
versus their concentrations (mg/ml). Samples were obtained as described in (a). Residual vWF was detected and quantified by sodium dodecyl
sulfate–1% agarose gel electrophoresis and immunoenzymatic stain of vWF as described in Materials and methods. Rf, retardation factor
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band was not revealed by a-FN. In addition, the

30 kDa commercial fragment was analyzed by 7% SDS-

PAGE and no further bands were detected (data not

shown).

F2 and FIII yielded Mr bands of approximately 60 kDa.

This FIII band was expected only under reducing

conditions (Fig. 4a).

The 32 � 6 kDa (n ¼ 3) band from the 30 kDa com-

mercial fragment was stronger than those in the same

position of F2 and FIII (Fig. 4a), diluted to obtain

similar arFN.

FN plus cathepsin D (active and inactive) under non-

reducing conditions revealed a set of bands with very

high and low Mr, as well as a band of approximately

60 kDa (data not shown). In Figure 5, 8% SDS-PAGE

under reducing conditions of FN plus inactive (41 �g/
ml) (lane 1) and active (63 �g/ml) (lane 2) cathepsin D

disclosed several bands including one of 64 � 5 kDa

(n ¼ 5). Immunoblotting with a-FN of the FN plus

active cathepsin D sample (lane 3) showed the same

64 � 5 kDa band.

Discussion
All experiments for evaluating the effects of FN F and

fragments on vWF multimer size were developed by

vWF : CB and vWF multimer pattern assay for mutual

confirmation. Both assays gave similar results in spite of

probable interference between collagen-coated beads

(enzyme-linked immunosorbent assay) and the collagen

domain of certain FN F and fragments.

To investigate the FN domain involved with arFN, we

searched for arFN in FI, FII, FIII and commercial

fragments from FN. Since arFN was present in FIII,

FII and 30 kDa commercial fragment, the arFN frag-

ment had high affinity to heparin. The arFN found in

45 and 70 kDa commercial fragments suggested that

the arFN fragment had affinity to gelatin as well.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Fig. 4

(a) 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) under non-reducing conditions of 30 kDa commercial
fragment (50 �g/ml), Fraction (F) 2 (20 �g/ml) obtained by elution with
0.25 mol/l NaCl of heparin-Sepharose from commercial FN, and FIII
(28 �g/ml) with 0.5 mol/l NaCl of heparin-Sepharose from commercial
FN degraded by cathepsin D. F2 and FIII yieldedMr bands of
approximately 60 kDa; FIII showed the same band only expected under
reducing conditions. The 30 kDa fragment revealed the following
bands: a blurredMr band of approximately 60 kDa and a well-defined
band of 32 kDa. The latter band proved significantly stronger than
those in the same position of F2 and FIII. (b) Immunoblotting with a-FN
of 10% SDS-PAGE in (a). Commercial 30 kDa fragment revealed two
bands of 70 kDa and 55 kDa. The latter was also observed in F2 and
FIII. Mr indicates the positions of the bands with respect to known
marker proteins run in the same gel

Fig. 5

Eight percent sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) under reducing conditions of fibronectin
(FN) plus inactive (41 �g/ml) (lane 1) and active (63 �g/ml) (lane 2)
cathepsin D. Both reveal a 65 kDaMr band. Immunoblotting with a-FN
from 8% SDS-PAGE. FN plus active cathepsin D (lane 3) sample
shows the 65 kDa band.Mr indicates the positions of the bands of a
known marker protein run in the same gel
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On comparing bands, concentrations and activities be-

tween the least contaminated commercial 30 kDa frag-

ment versus all commercial fractions and fragments

tested, results strongly suggested that the arFN is

generated from a fragment in the 60 kDa band.

Commercial FN (with active and inactive cathepsin D)

had a fragment with Mr close to 60 kDa but with very

low arFN, even with the high concentrations used,

indicating that the increase in arFN was obtained by

separation of FN and F was individually concentrated.

The arFN found in FII and FIII would indicate that

arFN fragment belongs to the FN N-terminal domain

and, as it was found in F2 and F3 from untreated FN,

this would be evidence that it is circulating in blood,

like the free N-terminal FN 30 kDa domain [30].

The arFN fragment did not derive from a contaminant

of the commercial initial material because arFN was

found in homemade FN [21] and in F from plasmatic

aliquots with Mr , 90 kDa, as starting material. The

arFN products from this F with gelatin and heparin

affinity were not retained in a CNBr-activated Sephar-

ose 4B coupled with a-FN column, suggesting that the

arFN fragment was not derived from FN. However, the

free N-terminal FN 30 kDa domain of the 30 kDa

commercial product was not revealed by a-FN.

The arFN was inhibited by 10 mmol/l EDTA and

partially by 12 mmol/l NEM but not by Pefabloc,

suggesting that the arFN fragment is divalent ion

dependent and not a granulocyte protease in nature.

Under non-reducing conditions, the vWFCP shows Mr

bands of 150, 140, 130 and 110 kDa by SDS-PAGE

derived from the same polypeptide chain (300 kDa) [4].

The enzyme specifically cleaves the Y (842)-M (843)

bond of the unfolded vWF A2 domain [31]. The

protease was inhibited by 10 mmol/l EDTA and par-

tially by 10 mmol/l NEM [3]. Furlan et al. observed

that it is difficult to judge whether this inhibition is

caused by a slowly reacting SH group in the protease or

by a side reaction of another amino acid. Binding

occurred to a heparin-Sepharose column [5] provided it

was not equilibrated with 0.1 mol/l NaCl [4]. There-

fore, the arFN fragment can hardly be associated with

vWFCP due to its different Mr and to its binding to

heparin-Sepharose column equilibrated with 0.1 mol/l

NaCl.

TSP-1 showed a Mr value of 500 kDa, its type 1

properdin domains and the vWF A3 domain resulting

in formation of complexes mediated the interaction of

TSP-1 with folded vWF. Complex formation was in-

creased by NEM and inhibited by EDTA [6,7]. The

arFN fragment is unlikely to be associated with TSP-1

because of its different Mr, and there was also the

finding that fragment activity is partially inhibited by

10 mmol/l NEM and that interaction between TSP-1

and vWF requires no unfolded vWF.

Matrix metalloproteinases are responsible for the degra-

dation of extracellular macromolecules [32]. In parti-

cular, matrix metalloproteinase 2 (MMP-2, a 72 kDa

gelatinase), a zinc-dependent proteinase active at extra-

cellular environment pH, interacts with TSP-1 via its

FN-like gelatin binding domain or a closely mapping

site [33]. In turn, fibronectin induces MMP-2 secretion

and activation [34]. MMP-2 co-purified with FN in

chromatography on Sepharoses conjugated with gelatin,

arginine or heparin. FN may only be resolved from

MMP-2 by resorting to immobilized metal affinity

chromatography (Co2þ, Ni2þ, Zn2þ) or a method em-

ploying a Fe3þ gel pH gradient [35,36]. However, it has

not yet been demonstrated that MMP-2 controls vWF

multimer size.

To the best of our knowledge, our data provide a

demonstration of an FN-related substance responsible

for the control of vWF multimer size. Further work will

elucidate its role in clinical pathology.
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