
With effect from the first few hours after injury and during the next 7 days of investi- 
gation, burn trauma is thus characterized by profound and universal pathological changes in 
the system of cell membranes of the liver with their disorganization and with changes in ac- 
tivity of membrane-bound enzymes. 
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Low-density lipoproteins (LDL) constitute the principal transport form of cholesterol in 
organs and tissues. Interaction between plasma LDL and the wall of the aorta is currently re- 
garded as the key to the understanding of formation of the atherosclerotie focus [5]. Sever- 
al properties of LDL of the aortic wall have been investigated [7-9, ii], but the spatial or- 
ganization of these lipid--protein complexes has not yet been studied. 

The aim of the investigation described below was to study the spatial structure of LDL 
isolated from the human aorta. The method used has only recently been developed and is based 
on recording the transfer of energy between fluorescent probes and from protein to probes 

[2, 3]. 

EXPERIMENTAL METHOD 

LD~were isolated within the density range 1.006-1.063 g/cm 3 as described previously [6] 
from blood plasma obtained from healthy donors and from 14 men aged 39-52 years dying acci- 
dentally and free from atherosclerosis of the intima of the aorta. The LDL fraction of the 
aorta used in the study had the same elution volume on gel-filtration on SeDharose 4B as 
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Fig. i. Fluorescence spectrum of a-LP on excitation by light with 
wavelength of 286 nm (i) and excitation spectrum of fluorescence of 
a-LP recorded at 420 nm (2). Concentration of a-LP was 0.i mg pro- 
tein/ml. Abscissa, wavelength (in nm). Ordinate, intensity of 
fluorescence (in relative units). No correction introduced for 
spectral sensitivity of the fluorometer. 
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Fig. 2. Degree of excimerization of pyrene as a functon of its concentration in a- 
LP. Concentration of a-LP was 0.i mg protein/ml. F47o and F39o) intensity of fluor- 
escence of pyreneat 470 and 390 nm respectively, due to pyrene excimers and monomers. 
Abscissa, concentration of pyrene (in DM). 

Fig. 3. Quenching of fluorescence of protein of p-LP (i) and a-LP (2) as a result 
of transfer of energy to pyrene located in the lipid phase. Concentration of LDL 0.I 
mg protein/ml. Fo and F) intensity of fluorescence of protein at 345 nm (excita- 
tion -- 286 nm) in the absence and presence of pyrene respectively. Abscissa, pyrene 
concentration (in pM). 

plasma LDL. Henceforward the LDL obtained from the aortic wall and blood plasma will be des- 
ignated a-LP and p-LP respectively. 

Protein was determined by Lowry's method with the addition of sodium dodecylsulfate [4], 
and phospholipids were determined as phosphorus [12]. The phospholipid/protein ratio for a- 
LP and p-LP was 1.28 and 1.22 respectively 

The fluorescent probes l-anilinonaphthalene-8-sulfonate (ANS; from Serva, West Germany), 
pyrene (from Fluka, Switzerland), 4-dimethylaminochalcone (DMC) and 7-(2-anthryl)-heptanic 
acid (A6K) [4] were used. The A6K probe was generously provided by A. P. Kaplun (M. V. Lomon- 
osov Moscow Institute of Fine Chemical Technology). 

The technique of measurement of fluorescence was described previously [3]. In every case 
the LDL were in solution in 0.01 M Tris-HCl buffer, pH 7.4, and they were used within 3-5 days 
of isolation. 

EXPERIMENTAL RESULTS 

Both a-LP and p-LP had spontaneous fluorescence with a maximum near 340 nm (Fig. i), 
due to tryptophan residues. However, a second maximum close to 420 nm also was found in 
the fluorescence spectrum of a-LP (Fig. i). The excitation spectrum of this fluorescence had 
a maximum at 355nm (Fig. i, curve 2), which is characteristic of lipidperoxidation (LPO) products 
[101. 
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The quantum yield of fluorescence of ANS was 3.8 times lower iN a-LP than in p-LP. We 
know that LPO products are quenchers of fluorescence of ANS [i]; quenching, moreover, must 
be the result of direct contact of the ANS molecule (located on the surface of the LDL parti- 
cle) with LPO products. 

The viscosity of lipoprotein lipids was estimated from the degree of excimerization of 
pyrene. The straight line on the graph showing the degree of exeimerization of pyrene as a 
function of its concentration (Fig. 2) indicates that this probe was uniformly distributed in 
the lipid phase of a-LP and was not bound with protein. Similar results were obtained prev- 
iously for p-LP [2]. The viscosity of the lipid phase at 20~ was about the same for both 
a-LP and p-LP. 

The arrangement of protein in the a-LP particle was determined from the efficiency of 
energy transfer from tryptophan residues to the lipid probe pyrene. The results are given 
in Fig. 3. The mean quantum yield of tryptophan fluorescence in a-LP and p-LP was 0.05 and 
0.13 respectively, and the radius of energy transfer was 2.65 and 3.10 nm. The average slope 
of the curve of quenching of tryptophan fluorescence by pyrene in a-LP was thus e = 0.58 • 
0.15. According to the theory put forward previously [2], this means that tryptophan resi- 
dues were at an average distance x = 0.5 • 0.5 nm from the surface of the water--lipid bound- 
ary in a-LP on the side of the aqueous phase. Tryptophan residues in p-LP were buried in 
the depth of the lipid phase by 1.2 • 0.2 nm, in agreement with data obtained previously for 
plasma LDL [2]. Curve 2 in Fig. 3 has much greater curvature than curve i; consequently, 
different tryptophan residues in a-LP lie at different distances from the surface of the wa- 
ter-lipid phase boundary and dispersion of this distribution is higher than in p-LP. Protein 
on the sdrface of the lipoprotein particle in a-LP evidently lies in a thicker layer than in 

p-LP. 

The total surface area of a-LP was measured by energy transfer from the A6K probe to the 
DMC probe (as described previously for plasma LDL [3]). It was found to be (0.89 • 0.06)- 
106 cm2/liter when the concentration of phospholipids in a-LP was 0.i g/liter. This concen- 
tration of phospholipids should occupy about 0.63.106 cm2/liter (0.65 nm 2 for each phospholip- 
id molecule). Cholesterol also can occupy not less than one-third of 0.63.106 cm2/liter. 
Hence, we obtain that the fraction of the surface of a-LP covered by protein does not exceed 
20%. In p-LP it was 30-40%, in agreement with the value obtained previously [2]. 

The results thus indicate that LDL in the aortic wall and in blood plasma differ some- 
what. The lipid phase of a-LP contains LPO products which are not found in p-LP. The protein 
in a-LP is evidently removed from the lipid phase and covers a smaller part of the surface in 

a thicker layer than in p-LP. 
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