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1. Introduction

Much attention has been paid recently to the
study of fibronectins (reviewed [1—4}]). Fibronectins
are high molecular-weight glycoproteins present in
plasma, tissues and in various types of cells [1-4].
They specifically interact with collagen, fibrin, hepa-
rin, hyaluronic acid, DNA and display a high affinity
to the cell surface [1-4]. It is believed that fibro-
nectins participate in cell adhesion, hemostasis, func-
tions of the reticuloendothelial systems; fibronectin
synthesis decreases at malignant transformation
[1—4]. Fibronectin is a dimer of M, 44-50X 10°
consisting of two polypeptide chains interconnected
by one or two disulfide bridges H 6] In nh_vsmlgmml
conditions fibronectin has a sedunentatlon coefficient
of 13—14 S and a frictional ratio of 1.7 [5—7]. In
evaluating the secondary structure of fibronectin
from circular dichroism measurements no organized
struciures, either a-helices or §-forms, were observed
[5.,7.9]. However, the study of the fibronectin
denaturation process registered by optical and sedi-
mentation methods has shown the presence of
highly organized tertiary structure elements in the
protein [7—9]. It has been suggested that fibronectin
has an elongated form containing domains which are
interconnected by randomly organized polypeptide
chain segments [7—9].

This work is the first to present an electron

microscopy study of the structural organization of
fibronectin. Vasiliev’s method was used to prepare
the sample by freeze-drying in vacuum and shadowing
with tantalum—tungsten [10—12]. It was shown that
fibronectin has a compact, somewhat elongated

structure with an axial ratio of 2:1.1, a length of
155+13 R and awidthof 88 + 17 &.
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2. Materials and methods

Fibronectin was isolated from human plasma by
gelatin—Sepharose affinity chromatography [13].
Plasma (100 ml) was passed through a Sepharose 4B

calimn (200 mIN and tha through 2

column {200 m!) and then througt
Sepharose column (400 ml). The gelatin—Sepharose
was washed with a 200 ml buffer containing 0.02 M
Tris—HCl, 0.05 M a-amino caproic acid (pH,ge 7.5)
and then with 200 ml of buffer consisting of 0.2 M
Tris—HCI, 1 M NaCl (pHygo 7.5) until the 4,50 was
<0.01 units. The protein bound to the gelatin—
Sepharose was eluted by a buffer with 0.05 M Tris—
HCI, 2 M KBr (pHyge 5.3). The obtained fibronectin
preparation was dialyzed overnight against buffer
with 0.05 M Tris—HCl, 0.1 M NaCl (pHye 7.5).
Immediately before the experiment the studied
fibronectin preparation was transferred for electron
microscopy into a buffer containing 0.05 M
CH;COONH, (pH 7.5) using a column with Sephadex
G-25. The protein concentration was 0.1—0.2 4,4,
units/ml
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The sample was prepared for electron microscopy
by the method developed in {10—12] consisting of
fast freezing to liquid nitrogen temperature, freeze-
drying in vacuum and shadowing with tungsten—
tantalum. Fibronectin preparations were studied in
the JEM-100C electron microscope at 80 kV at a

magonification of S0 000
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A protein preparation studied by electron micros-
copy must by highly homogeneous and so imme-
diately before the experiment the fibronectin prepa-
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ration was analyzed by high speed sedimentation and

polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulfate. Figures 1 and 2 present the
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Fig.1. Sedimentation diagram of the fibronectin preparation
in buffer containing 0.05 M CH,COONH, (pH 7.5). Centri-
fugation was done in a UCA-10 analytical centrifuge (USSR)
at 500 000 rev./min, 20°C; records were taken at 4 min inter-

vals.

Fig.2. Densitogram of the gel after discontinuous polyacryl-
amide gel electrophoresis of the fibronectin preparation in
the presence of sodium dodecyl sulfate and dithiothreitol

according to [14]. The acrylamide concentration was 5%.
Scanning was done on a Joyce-Loeble densitometer.

Fig.3. Electron micrograph of the fibronectin preparation freeze-dried in vacuum. Shadowing with tungsten—tantalum.
Metal layer thickness was 15 A. Magnification 200 000 X.
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Fig.4. Electron micrograph of the fibronectin preparation. Conditions as in fig.3. Magnification 300 000 X.

results of homogeneity analysis of the fibronectin
preparation. Sedimentation analysis demonstrates the
high homogeneity of the studied preparation (fig.1).
The content of high molecular-weight aggregates

was <10%. In the buffer for electron microscopy
fibronectin had a sedimentation coefficient of

sgo,w =13.5 £0.5. On electrophoresis in polyacryl-
amide gel in the presence of sodium dodecyl sulfate
and dithiothreitol (fig.2), fibronectin migrates as one
band corresponding to a fibronectin monomer with
an app. M, of 2.2—2.5 X 10%. The contaminants in
the fibronectin preparations, as seen in fig.2, were
<5-10%. Thus, the studied fibronectin preparations
satisfied the requirements for studies by physical
methods. It must be noted that the fibronectin prepa-
rations also possessed a high functional activity.
290% of the protein was capable of forming com-
plexes with gelatin—Sepharose. Fig.3 shows a general
view of a field of fibronectin molecules at a small
magnification. It is readily seen that the studied pro-
tein preparation consists predominantly of homoge-
neous material with the majority of particles being
close in dimensions and shape, and does not contain

any noticeable amounts of denatured or degraded
fibronectin molecules.

Fig.4 shows the fibronectin molecule images at a
greater magnification. Measurements of the image
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Fig.5. Distribution of fibronectin molecules by dimensions:
A, by length; B, by width.
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dimensions gave the following: the majority of the
107 analyzed particles had a length of 155+ 13 A
and a width of 88 + 17 A. The histograms of fibro-
nectin molecule distribution by length and width are
given in fig.5. The axial ratio of most images is
~2:1.1. It is clearly seen in fig.4 that the fibronectin
molecules have a compact, somewhat elongated struc-
ture. Some non-uniformity in the distribution of
material inside the fibronectin molecule can be dis-
cerned in some of the images (these particles are indi-
cated by arrows in fig.4). The observed non-unifor-
mity is not surprising as fibronectin is a dimer and,
apparently, contains domains. However, the obtained
resolution is insufficient for a more detailed descrip-
tion of the fibronectin intramolecular structure. It
should be emphasized that despite some asymmetry
(axial ratio 2:1.1) the fibronectin molecule has a
compact structure. Thus, the sufficiently high fric-
tional ratio of 1.7 obtained previously can hardly
reflect the elongatedness of the fibronectin molecule.
Most probably the fibronectin molecule has a high
intramolecular mobility.

4. Conclusion

Electron microscopy studies of the fibronectin
molecule structure by freeze-drying in vacuum fol-
lowed by shadowing with tungsten—tantalum has
shown that fibronectin has a compact, somewhat
elongated structure with an axial ratio of 2:1.1,a
length of 155 £ 13 A and a width of 88 + 17 A. The
fibronectin monomers are probably not arranged
end-to-end to each other, but have a lateral inter-
arrangement.
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