
Heparin Facilitates the Extraction of Tissue Fibronectin 

Abstract. Extraction ofjibronectin from two human tissues, lung parenchyma and 
placental villi, was facilitated by the incorporation of heparin into extraction media. 
The effect of heparin was additive to the eflect of urea which is known to extract 
jibronectin. These experiments provide further evidence thatjibronectin and glycos- 
aminoglycans are associated in connective tissues and the use of heparin forms the 
basis for a simple method for extraction and quantitation of tissue jibronectin. 

Fibronectin, a glycoprotein of high 
molecular weight, is a major component 
of connective tissue matrix, occurring 
both in loose connective tissue and in 
association with basement membranes 
( I ) .  In several biological systems fibro- 
nectin is associated with glycosamino- 

Table 1. Effect of heparin on extraction of 
tissue fibronectin. For every gram (wet 
weight) of tissue (17), 2 ml of either buffer 
(0.05M phosphate, p H  7.1) or buffer contain- 
ing varying concentrations of heparin was 
used. The heparin (Sigma) was a preparation 
from porcine intestinal mucosa of 159 antico- 
agulant units (U.S. Pharmacopeia) per milli- 
gram. All extraction solutions contained 2 
mM phenylmethylsulfonyl fluoride (PMSF) to 
prevent proteolysis of fibronectin. In certain 
experiments 2M urea (ultrapure grade from 
SchwarzlMann) was included in the extrac- 
tion solutions since cellular fibronectin can be 
extracted with urea (11). Extraction was car- 
ried out by stirring the minced tissue in the 
extraction fluid for 4 hours at room tempera- 
ture on a magnetic stirrer. The samples were 
centrifuged at 7700g for 20 minutes and the 
supernatants were analyzed for fibronectin 
content in the electroimmunoassay, with plas- 
ma of known fibronectin content being used 
as a standard (13, 18). The antiserum to 
human plasma fibronectin used in the assay 
was prepared in rabbits and was monospe- 
cific, giving only one arc in an immuno- 
electrophoresis experiment with human 
plasma. 

Weight Heparin 
of concen- 

tissue tration 
(9) (mglml) 

Fibro- 
nectin 

in 
super- 
natant 

(mglml) 

Lung tissue 
1 0 

10 

1 0 
10 
0 (2M urea) 

10 (2M urea) 

Placenta 
0 

10 
0 

10 
1 
0.1 

5 0 
10 
0 (2M urea) 

10 (2M urea) 
10 0 

10 
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glycans (GAG's) and collagen. For ex- 
ample, fibroblasts in culture produce an 
extracellular matrix that contains fibro- 
nectin, heparan sulfate proteoglycans, 
and hyaluronic acid in addition to colla- 
gen (2). Fibronectin and GAG's are solu- 
bilized from lung tissue by collagenase 
digestion as collagen is degraded (3). 
Fibronectin and sulfated GAG's as pro- 
teoglycans appear to be contiguous on 
the surfaces of hamster fibroblasts (4). 
The GAG which has been most clearly 
implicated with fibronectin in systems in 
vitro is heparin, which interacts with 
both plasma fibronectin (5) and cellular 
fibronectin (6). Heparin in low concen- 
trations enhances the formation of insol- 
uble complexes between fibronectin and 
collagen types I and I11 (7) and increases 
the rate of binding of fibronectin to colla- 
gen (8). Complexes of fibronectin with 
gelatin are more resistant to dissociation 
if they are formed in the presence of 
heparin (9). Heparin is also necessary for 
the fibronectin-mediated uptake of gela- 
tin-coated latex particles by peritoneal 
macrophages (10). These observations 
suggested that solubilization of fibronec- 
tin from tissues could be facilitated by 
including heparin in extraction media. 
The added heparin would be expected to 
compete on the basis of a mass action 
effect with related tissue GAG's for bind- 
ing sites on fibronectin. 

Table 1 shows the effect of heparin on 
the solubilization of tissue fibronectin. 
The amount of fibronectin in extracts 
containing 10 mg of heparin per milliliter 
was approximately doubled in first ex- 
tracts compared to phosphate buffer ex- 
tracts. As little as 2.5 mg of heparin per 
milliliter appeared to facilitate extraction 
of fibronectin from human lung paren- 
chyma; lower concentrations (1 and 0.1 
mglml) did not increase the fibronectin in 
tissue extracts (placenta) compared to 
phosphate buffer extracts. 

The effect of heparin (10 mglml) in 
extracting fibronectin was additive to the 
effect of urea (11), and the most efficient 
extraction mixture contained both hepa- 
rin and urea. As expected, because of 
improved mixing of small samples, the 
efficiency of extraction was inversely 
related to the size of the tissue sample 
extracted. The smaller samples, 1 g and 
0.5 g of tissue, gave the highest yields of 

fibronectin. The extraction and analyt- 
ical procedures were reproducible. In 
nine experiments on 0.5-g samples of 
placental villi the fibronectin concentra- 
tion in tissue extracts containing 10 mg 
of heparin per milliliter averaged 0.243 
mglml with a standard deviation from the 
mean of 0.0494. As one would expect 
from any extraction procedure, approxi- 
mately half again as much fibronectin 
was obtained upon reextraction of a tis- 
sue residue after one extraction (Table 
2). Therefore, at least three extractions 
would be required to approach a quan- 
titative removal of tissue fibronectin. 
Also, the total amount of fibronectin ex- 
tracted on three sequential extractions 
with heparin was 2.4- to 4.0-fold greater 
than that extracted with phosphate buff- 
er alone. 

The increase of fibronectin in heparin- 
containing extracts of both lung and pla- 
centa was also apparent in double-diffu- 
sion experiments (Fig. 1). In such exper- 
iments the fibronectin concentration in 
extracts obtained by phosphate buffer 
alone was frequently too low for detec- 
tion (Fig. 1, well 2), whereas the urea 
extract (Fig. 1, well 5) and the heparin- 
containing extracts (Fig. 1, wells 3 and 6) 
formed a single line of identity with a line 
formed between plasma fibronectin and 
the antiserum. Fibronectin in the hepa- 
rin-containing extracts (10 mg of heparin 
per milliliter) migrated faster in immuno- 
electrophoresis (not shown) than did fi- 
bronectin in the phosphate buffer ex- 
tracts, consistent with the presence of a 
more highly charged fibronectin-heparin 
complex. 

The size of the fibronectin-related ma- 
terial in the heparin extracts was exam- 

Table 2. Sequential extraction of tissue fi- 
bronectin from placenta. The procedure used 
was the same as for Table 1 except the tissue 
samples were extracted sequentially three 
times with either phosphate buffer or phos- 

,phate buffer containing heparin (10 mglml). 
All extraction solutions contained PMSF. 

- 

Weight 
of 

tissue 
(8) 

Heparin Extrac- Fibro- 
concen- tion nectin in 
tration num- supernatant 
(mglml) ber (mglml) 
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soluble fibronectin-heparin complex. 
The fibronectin extracted in the presence 
of heparin was not degraded. The major 
peak was 440,000 daltons, the size of the 
fibronectin dimer (Fig. 2). The presence 

Fig. 1. Double-diffusion reactions of tissue 
(placenta) extracts with antibody to fibronec- 
tin. The contents of the wells were as follows: 
1 and 4, human plasma fibronectin as a refer- 
ence standard; 2, phosphate buffer extract; 3,  
heparin (10 mglml) extract; 5, urea (2M) ex- 
tract; 6, urea (2M) and heparin (10 mglml) 
extract; and 7, antiserum to human plasma fi- 
bronectin. 

ined by crossed immunoelectrophoresis 
with the use of sodium dodecyl sulfate 
polyacrylamide gel electrophoresis 
(SDS-PAGE) on a 5 percent disc gel in 
the first dimension to separate the anti- 
gens according to molecular weight 
(Fig. 2). There were two distinct peaks 
of fibronectin-related material, one of 
440,000 daltons, presumably dimeric fi- 
bronectin, and one larger than 440,000 
daltons. Thus, the extracted fibronectin 
was intact. 

In addition to the commercial heparin 
(Sigma) used in the experiments of Table 
1, reference heparin (12), which was 
purified from crude beef lung heparin, 
was as effective as the preparation from 
Sigma in facilitating fibronectin extrac- 
tion. This reference heparin had an anti- 
coagulant activity of 183 units (U.S. 
Pharmacopeia) per milligram. 

We also tested reference heparan sul- 
fate and dermatan sulfate (12). The hep- 
aran sulfate was as effective as heparin in 
facilitating extraction of tissue fibronec- 
tin, and the dermatan sulfate was only 
slightly less effective. In contrast, nei- 
ther chondroitin 4-sulfate (whale carti- 
lage; Sigma) nor chondroitin 6sulfate 
(shark cartilage; Sigma) produced the 
effect. Two dextran sulfates (obtained 
from Sigma) of molecular weights 5000 
and 8000 produced an intermediate effect 
(13). 

As anticipated, the incorporation of 
heparin into phosphate buffer facilitated 
the extraction of fibronectin from tis- 
sues, apparently by the formation of a 

of dimeric fibronectin and of aggregated 
fibronectin (material larger than 440,000 
daltons) is what one would expect from 
other reports in the literature (14, 15). 

That the most effective extraction mix- 
ture contained both heparin and urea 
raises the possibility that there may be 
more than one type of tissue fibronectin 
or one type which is incorporated into 
tissues in at least two different ways. The 
extensive perfusion of the placenta and 
thorough washing of the lung tissue ruled 
out any contribution from plasma fibro- 
nectin in these organs. Indeed, the he- 
moglobin content of the extracts was 
5 0.2 percent. 

The data show that high concentra- 
tions of heparin (2 2.5 mg/ml) are re- 
quired for the extraction of fibronectin in 
soluble form. These results agree with 
the data of Stathakis and Mosesson (5) 
who showed that the cryoprecipitation of 
heparin and fibronectin is dependent on 
the heparin concentration, occurring op- 
timally at 0.25 to 0.5 mg of heparin per 
milliliter and failing to occur above 2 mg/ 
ml. Therefore, even though extensive 
disruption of tissue occurred when low 
concentrations of heparin (1 and 0.1 mg/ 
ml) were used to extract tissue (16), the 
supernatants were not enriched in fi- 
bronectin, probably because it was being 
removed as a precipitate with heparin 
during centrifugation and storage of sam- 
ples at 4OC. 

The fact that neither chondroitin 4- 
sulfate nor 6-sulfate facilitated the ex- 
traction of fibronectin, whereas heparan 
sulfate and dermatan sulfate did, sug- 
gests that the effect is highly specific, 
and this specificity agrees in general with 
that observed in studies on the effect of 
GAG'S on the interaction of fibronectin 
with collagen (7, 9). The ability of hep- 
aran sulfate and of heparin, which is 
chemically similar to heparan sulfate, to 
dislodge fibronectin from connective tis- 
sues is consistent with previous evidence 
of the association of heparan sulfate with 
fibronectin in tissues (2). Since heparin is 
commercially available, the experiments 
reported herein provide the basis for a 
simple reproducible method of extrac- 
tion of tissue fibronectin for routine 
quantitative studies. The procedure can 
easily be performed on 0.5 g of tissue 
(wet weight) and will therefore be useful 
in studies comparing normal tissue with 
diseased specimens. Since the procedure 
is carried out at pH 7.1 and the extracted 

Fig. 2. Crossed immunoelectrophoresis (19) 
of a heparin extract of human placenta. The 
extract (100 p1) was added to an equal volume 
of 0.4 percent SDS and 4M urea and the 
mixture was boiled for 5 minutes. The entire 
sample was electrophoresed on a 5 percent 
disc gel by SDS-PAGE. The gel was sliced in 
half and half a gel was positioned so that the 
separated components would migrate into 
agarose (12 ml) containing antibody to human 
plasma fibronectin (100 p1). A layer of agarose 
containing Triton X-100 was placed between 
the disc gel and the agarose-antibody layer to 
avoid artifacts produced by SDS. This second 
electrophoresis was carried out for 6 hours at 
5 Vlcm; the plate was then soaked free of 
proteins that were not involved in the immu- 
noprecipitate, blotted and dried, and stained 
with Coomassie blue for proteins. For refer- 
ence, molecular weight markers, including 
plasma fibronectin (dimer of 440,000 daltons), 
were run on companion gels and were stained 
with Coomassie blue to locate the position of 
intact fibronectin (dimer). 

fibronectin is intact, it may also lead to 
methods for the preparation of fibronec- 
tin for use in cell culture systems or 
physiological experiments in vivo. 
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Lamellar Twinning Explains the Nearly Racemic Composition 

of Chiral, Single Crystals of Hexahelicene 

Abstract. Solvent etching of single crystals of hexahelicerle grownfr.orn a rac.enlic 
solution reveals an unusual layer-like patten1 in rtyhich pure (+)- a n d p u r ~  (-)-layers 
alternate through the csystal; this arrangernerlt results in a nearly ~.acemic. composi- 
tion although the crystal is ostensibly chiral, spare group P212121. Etched c~ystals  qf 
enantiomerically pure hexahelicene display no such patterrz. The two kinds of crystal 
are indistinguishable by x-ray diffraction. 

Crystals of hexahelicene grown from 
racemic solution show an unusual behav- 
ior: although the crystals are apparently 
chiral ["spontaneously resolved"; enan- 
tiomorphic space group P212121 (I), 
structure refined to R = 4 percent (2)], 
dissolved single crystals display optical 
rotations corresponding to enantiomeric 
excesses of only - 2 percent instead of 

. 1 (left). Stereodrawings of enant iomers  of 
~ahel icene:  (a) P-(+)-hexahelicene: (b) M- 
-hexaheiicene. Fie. 2 (right). (ai Crvs- 

100 percent expected for chiral, single 
crystals. Similar results have also been 
obtained with other, related materials 
(3). This puzzling phenomenon is rele- 
vant to the general problem of spontane- 
ous resolution (4) and to the use of 
crystal-state reactions for asymmetric 
synthesis (5) and may be of fundamental 
importance for understanding the nature 

of chiral interactions. We have therefore 
examined the situation in more detail. 

Substitutional solid solutions of (+)- 
and (-)-enantiomem seemed unlikely on 
the basis of the packing arrangement of 
the molecules (2), their marked steric 
differences (Fig. I), and the significant 
difference in the melting points of race- 
mic (231" to 233°C) and optically pure 
(265" to 267°C) material (6). The x-ray 
study showed no evidence of molecular 
disorder. 

Ordinary twinning (7) along a growth 
direction was initially considered but re- 
jected on the basis of the following ex- 
periment. A large single crystal grown 
from a racemic solution was cleaved in 
two, each half was further cleaved in 
two, and the four fragments were al- 
lowed to partially dissolve in n-hexane 
until small crystals, each - 10 percent of 
the original crystal, remained. Each of 
these crystals contained the same, - 2 
percent, enantiomeric excess and had 
the same sign of rotation as the original 
crystal (8). Had the fragments contained 
opposite enantiomers in excess, ordinary 
twinning along a growth direction would 
have been indicated. 

However, when single crystals were 
allowed to dissolve only slightly in n- 
hexane or in carbon tetrachloride, an 
interesting lamellar pattern was readily 
discerned under the light microscope 
(Fig. 2). The layers, 10 to 30 ym thick, 
could be carefully cleaved from the crys- 
tal, and individual layers were now 
found to display optical purities of - 100 
percent (9). When adjacent layers in the 
same crystal were examined, the signs of 
rotation alternated. Although all crystals 
grown from racemic hexahelicene dis- 

- , "  , - 
tal of nearly racemic hexahelicene (measured enantiomeric excess  2 percent) ,  grown f rom a n  ether-11-hexane solution o f  racemic hexahelicene, 
after partial solution (etching) in n-hexane. (b) Crystal of optically pure  hexahelicene (measured enant iomeric  excess  > 99 percent)  grown f rom 
ether-n-hexane solution after etching in n-hexane.  
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