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Interaction between serum lipoproteins and connective-tissue components of the extracel-
lular matrix of the arterial wall is regarded as one of the mechanisms of lipid accumulation
in atherogenesis [5]. Disturbance of metabolism and enzymic modification of lipoproteins can
intensify such interaction. Data in the literature on this question are extremely limited.
It has been shown that the quantity of insoluble complexes with glycosamincglycans from the
human aorta is increased after treatment of the low~density lipoproteins (LDL) with trypsin

[31.

Assuming that enzymic modification of lipoproteins can enhance their atherogenicity, it
was decided to study interaction between enzymatically modified LDL and fironectin., Fibronec-
tin possesses adhesive and ligand-binding activity and it is one component of the extracellu-
lar matrix. In blood vessel walls it is located mainly in the glycocalyx, the subendothelium,
and in the basal membrane of endothelial cells. It is these structures that are involved in
the initial stage of atherosclerosis [2, 11]. Tibronectin is also found in atherosclerotic
plaques [10].

EXPERTMENTAL METHOD

LDL (density 1.019-1.063 g/cm®) were isolated from serum of healthy blood donors by prep-
arative ultracentrifugation -[6] and kept in medium containing 0.05M NaCl, 0.504 KBr, 0.05%
EDTA, at 4°C for not more than two weeks. After preliminary dialysis againet 0.02 M Tris-HCIL,
pH 7.4, containing 0.05% EDTA, the LDL were hydrolyzed with pepsin at pH 4.0 for 60 min at
37°C, with enzyme and substrate in the ratio of 1:300. At the end of hydrolysis the incuba-
tion medium was alkalified with 0.2 M Tris to pH 7.5. LDL treated in the same way but with-
out addition of the enzyme served as the control. To determine the degree of hydrolysis, pro-
tein from the incubation mixture was precipitated with 10% TCA. The residue was separated by
filtration and the concentration of liberated peptides determined in the filtrate [8]. The
protein concentration in the original preparations of LDL was determined by Lowry's method.

Interaction of LDL with fibronectin was determined by measuring removal of fibronectin
from a column containing fibronectin-collagen-sepharose, on passage of solutions of native
and modified LDL through it. C(ollagen-sepharose was obtained by immobilizing denatured col-
lagen on CNBr-sepharose 4B by the method described previously [12]; 1 ml of sepharose contained
1 mg of immobilized collagen. All procedures connected with chromatography on collagen-seph-
arose were carried out in the presence of 107* M phenylmethylsulfonyl fluoride. Fresh human
serum {5 ml), clarified by centrifugation, was applied to 1 ml of cdllagen-sepharose, equi-
librated with 0.05 M Tris-HCl, pH 7.5, at the rate of 10 ml/h. The column was washed with
0.5 M NaCl and the corresponding buffer until there was no difference between the optical
densities of the displacing solution and the original buffer. Next, 1 ml of 0.5% solution of
native LDL, or of pepsin-treated LDL, was passed through the fibronectin~collagen-sepharose
at the rate of 1 ml/h. The column was then washed with buffer and with 0.5 M NaCl. The fi-
bronectin was eluted with 4 M urea and estimated quantitatively by measuring its absorbance
at 280 nm. From 5 ml of serum, 0.7 mg of fibronectin bound with 1 ml of collagen-sepharose.

Protein was identified in eluates from the column by electrophoresis on 5% polyacrylam-
ide gel (PAG) plates in the presence of sodium dodecylsulfate {SDS). The samples were heated
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Fig. 1. Electrophoresis of LDL preparations: a) LDL after keeping

at pH 4.0 for 60 min at 37°C; b) LDL after hydrolysis with pepsin

at pH 4.0 for 60 min at 37°C with enzyme and substrate in the ratio
of 1:300; c¢) eluate of pepsin-modified LDL from column with fibro-
nectin-collagen-sepharose; d) fibronectin. Scale of molecular weights
of proteins (in kilodaltons) on right.

beforehand to 100°C for 2 min in buffer containing 0.06 M Tris-HCl, pH 6.7, 2% solution of
SDS, 3% solution of mercaptoethanol, 0.17% solution of bromphenol blue, and 6% solution of
glycerol. The gels were stained with a 0.25% solution of Coomassie g-250 [8].

EXPERIMENTAL RESULTS

Pepsin, an analog of the tissue proteinase, catepsin D, was used for enzymaticmodification
of the LDL. Proteolysis with pepsin was carried out at pH 4.0 for 60 min at 37°C until, to
judge from the results of determination of the quantity of TCA-soluble material, 107 of pro-
tein of LDL had been removed. The LDL modified in this way sedimented during analytical ultra-
centrifugation in one symmetrical peak. Only the speed of sedimentation was slowed, evidently
on account of separation of proteolysis products from LDL. Keeping native LDL at pH 4.0 for
60 min at 37°C without pepsin did not lead to any change in the sedimentation properties of
LDL.

During electrophoresis of 50 ug LDL, hydrolyzed by pepsin, in 5% PAG in the presence of
SDS, only protein components with mol. wt. below 100 kilodaltons (kD) were determined. No low-
molecular-weight components were present in the preparations of native LDL (Fig. 1: a, b).

To study interaction between LDL and fibronectin, solutions of native LDL and of pepsin-
modified LDL were passed through a column containing fibronectin-collagen-sepharose. 1In cases
when pepsin-modified LDL were passed through the fibronectin-collagen-sepharose, partial re-
moval of the fibronectin adsorbed on collagen took place, and during subsequent elution with
4 M urea its concentration was reduced by 50% or more. Electrophoresis revealed fibronectin
in the solution of modified LDL flowing from the column (Fig. 1lc). Next day, a precipitate
was thrown down in this eluate at 4°C. The precipitate was harvested by centrifugation and
dissolved in 1% SDS. Electrophoresis revealed fibronectin and LDL in this precipitate.

In experiments with native LDL not treated with pepsin, no fibronectin was removed and
no such precipitates were formed.

On the addition of increasing doses of fibromectin (from 10 to 200 ug) to the solution
of modified LDL in 0.05 M Tris-HC1l, pH 7.5, containing 0.025 M CaCl,, turbidity began to ap-
pear, and it increased with an increase in the quantity of fibronectin. This turbidity was
due, as electrophoresis showed, to the formation of insoluble LDI—fibronectin complexes. On
the addition of fibronectin to a solution of native LDL, only traces of precipitate were
formed, and the amounts of precipitate did not increase with an increase in the fibronectin
concentration.

The results of this investigation show that enzymatically modified LDL interact with fibro-
nectin immobilized on collagen, and also with fibronectin present in solution, to form a pre-
cipitate. The results accord with the view that chemical and enzymic modification of LDL
lead to an increase in their atherogenicity [1, 3-4]. It can be postulated that interaction
of enzymically modified LDL with fibronectin, as a component of the extracellular -matrix, will
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lead to deposition of these LDL in the blood vessel walls. In addition, the phagocytosis-stim—
ulating activity of fibronectin may lead to more active ingestion of its complexes with modi-

fied LDL by macrophages.
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Evidence of an increase in the concentration of free radicals in myocardial tissues dur-
ing ischemia and subsequent reperfusion has recently been published [5, 10, 13, 14]. Various
workers have suggested that the formation of these radicals may lead to death of the heart
cell, the mechanisms of this phenomenon have not been explained. As long ago as in 1973, Chance
found [2] that small quantities of superoxide radicals and hydrogen peroxide may be formed in
mitochondria under normal physiological conditions. A detailed investigation of the process
of superoxide radical formation by the mitochondrial respiratory chain of heart and the parti-
cipation of free-radical forms of coenzyme Q in this process has been undertaken in [1, 11,
12}. It has been shown that in the ischemic heart mitochondria undergo pathological changes,
directly involving the respiratory chain [8, 15].

The ability of mitochondria of the ischemic myocardium to generate superoxide radicals
was studied in the present investigation.

EXPERIMENTAL METHOD

Mitochondria were isolated by the method in [7]. 1Ischemia was produced by incubating
the isolated heart of a male Wistar rat in a water bath at 37°C for 60 min [9]. Mitochondria
isolated immediately before removal of the heart from the animal served as the control. Pro-
tein. was determined by Lowry's method [6]. The rate of oxygen consumption was measured by
means of a Clark's electrode in medium containing 0.25 M sucrose, 20 mM Tris-buffer (pH 7.4),
0.2 mM EDTA, 4 mM KH,PO,, 3 mM MgCl,, 5 mM succinate (sodium salt), and 5 pM rotenone at 25°C.
Superoxide radicals were detected by means of the spin trap tiron (sodium 1,2-dihydrobenzene-
3,5-disulfonate) by the method in [1l]. Quantitative graduation of the method was carried out
by the writers jointly with E. Yu. Popova and A. A. Konstantinov, on the basis of the rate of
reduction of cytochrome ¢ in medium in which the source of superoxide radicals was the reac—
tion of oxidation of xanthine, catalyzed by xanthine oxidase (from Calbiochem-Behring, West
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