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Autooxidation of low-density lipoproteins during incubation at 37°C was accompanied
by accumulation of LPO products, decrease in UV autofluorescence (Fy), and increase
in autofluorescence in the visible band (F,;5). The degree of low-density lipoprotein
modification was estimated by calculating the F,¢/Fy, ratio. A positive correlation was
revealed between this ratio and concentration of thiobarbituric acid-reactive LPO pro-
ducts (r=0.76, p<0.001). Autooxidation of low-density lipoproteins increased availability
of tryptophanyls for fluorescence quenchers and inductive resonance energy transfer
from tryptophanyls to adducts formed in the reaction of apoprotein and LPO products.
These changes probably play a role in the decrease in Fy.
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Lipid peroxidation (LPO) results in modification of
low-density lipoproteins (LDL) with the formation
of highly atherogenic particles [7]. The method of
fluorescence spectroscopy allows detection of even
minor physicochemical changes in lipoprotein par-
ticles. LPO modifies both intrinsic LDL autofluor-
escence [3-5] and fluorescence (FL) of probes in-
corporated into LDL particles [6,8]. UV autofluor-
escence region is mainly determined by tryptophan
residues in apoprotein molecule. The intensity of
autofluorescence decreases in oxidized LDL [3-5].
FL in the visible region (Fy,s) is associated with the
presence of structures formed during the interaction
of aldehydes (LPO products) with free amino groups.
F,s increases during LPO in LDL [5].

Here we studied the dependence of changes in
autofluorescence on LPO intensity in autoxidized
LDL and the mechanisms underlying the decrease
in UV autofluorescence (UV-FL).
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MATERIALS AND METHODS

LDL were isolated from blood plasma of healthy
donors by ultracentrifugation with 0.01% EDTA,
which prevents LPO [6]. LDL were dialyzed against
a 500-fold volume of 10 mM Tris-HCI buffer (pH
7.4) containing 0.28 M sucrose for 15 h. LDL con-
centration was estimated by protein content (Lowry
method).

LDL were autoxidized by incubation at 37°C.
The intensity of LPO was evaluated by measuring
the amount of thiobarbituric acid-reactive substan-
ces (TBA-reactive substances) [2]. It was expressed
as an equivalent amount of malonic dialdehyde
(MDA). The molar extinction coefficient for reac-
tion products of TBA and aldehyde groups was
156,000 M—'cm—".

LDL concentration during FL measurement
was 0.04 mg protein/ml. The sample contained 2 mM
EDTA. The measurements were performed on a
Hitachi F-3000 spectrofluorometer using a rectan-
gular quartz cuvette (1 cm optical path, 5 nm slit
for excitation and FL measurement). F;, was mea-
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sured at 340 nm (excitation wavelength 286 nm).
F,s was measured at 430 nm (excitation wavelength
360 nm). Anthracene (Sigma) and 4-(p-dimethyl-
aminostyryl)-1-dodecylpyridinium p-toluenesulfonate
(DSP-12; Institute of Organic Synthesis, Latvian Aca-
demy of Sciences) were used as FL probes.

RESULTS

The decrease in F,, was detected soon after the
start of autooxidation. After 3- and 24-h incubation
F,v decreased to 67 and 22% from the initial value
(nonoxidized LDL), respectively (Table 1). Fy
underwent other changes. FL at 430 nm was low
under basal conditions and remained unchanged
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over the first 2 h of incubation, but after 3 and 24
h F,,s increased by 17 and 190%, respectively. The
inhibition of LPO with EDTA prevented changes in
Fyy and F,, which attests to a relationship between
changes in intrinsic FL. and LDL modification du-
ring LPO.

The decrease in Fy, during LDL oxidation can
be associated with oxidation of tryptophanyls, in-
crease in their availability for FL. quenchers due to
changes in microenvironment, and inductive re-
sonance energy transfer from tryptophanyls to LPO
adducts [5]. It is currently accepted that the de-
crease in Fy, for oxidized LDL reflects the degree
of tryptophanyl oxidation [3,4]. However, other
factors cannot be excluded.
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Fig. 1. Dependence of variations in autofluorescence LDL UV-FL on the intensity of LPO (a) and quenching with cesium ions (b). Here
and in Fig. 2: F  and F, FL before and after autooxidation, respectively. Native LDL (1 pmol MDA/g protein, 7); oxidized LDL (6.88 umol

MDA/g protein).

TABLE 1. Autofluorescence of LDL in the UV Region during Incubation with or without EDTA (M+m, n=9)

Time of incubation, h TBS;SIE‘K;‘E’)% /Z“?)ff)igi"nes' Fo % Foo %
Without EDTA 0 1.10+0.07 100 100
1 1.700.08 93.0+1.9 102.0+3.8
2 2.50£0.08 82.0+2.1 104.043.2
3 3.140.1 67.0+2.3 117.044.5
6 4.20£0.12 44.0+2.1 121.05.1
2% 12.000.58 22,023 290.0+4.8
With 0.01% EDTA 0 1.00+0.07 100 100
1 1.10£0.08 100.041.9 100.0+3.8
2 0.90+0.07 99.0+1.8 98.0+4.2
3 1.10+0.08 98.0+1.9 100.043.9
6 1.00£0.08 98.0+1.9 102.04.0
24 1.10£0.09 96.02.1 104.043.9
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Fig. 2. Quenching of autofluorescence LDL UV-FL due to energy transfer to FL probes anthracene (a) and DSP-12 (b).

The absorption spectrum for substances formed
during interaction of LPO products with protein
overlaps with the spectrum of LDL UV-FL and there-
fore Forster energy transfer can occur between chro-
mophores. To test this hypothesis, we studied the
dependence of Fy, on the concentration of TBA-
reactive substances (Fig. 1, a). The dependence was
typical of energy transfer. Hence, energy transfer
to chromophores resulting from LPO can contribute
to the decrease in UV-FL.

Study of dynamic quenching of LDL UV-FL
with water-soluble Cs* showed that the efficiency
of quenching in oxidized LDL is higher than in
native particles (Fig. 1, b).

Availability of tryptophanyls for water-soluble
quenchers of FL can be modified by structural chan-
ges in apoprotein molecule. Study of energy trans-
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Fig. 3. Dependence of the F/F

wis/Fyy ratio for LDL FL (n=76) on the
intensity of LPO.

fer from tryptophanyls residues to FL probe pyrene
showed that nearly all tryptophan residues in native
LDL are situated near the particle surface and have
similar microenvironment. They are embedded into
the lipid phase at a distance of 10-20 A from the
lipid—water boundary. Long-term storage is prob-
ably accompanied by LPO and results in apoprotein
“sliding” from the lipoprotein surface and the for-
mation of protein projections. In our experiments,
2 probes served as energy acceptors to study the
structure of apoprotein during LDL autooxidation.
DSP-12 is localized on the surface of LDL. An-
thracene is distributed over the volume of the lipid
nucleus. The efficiency of energy transfer from try-
ptophanyls to probes in oxidized LDL was higher
than in native particles (Fig. 2), which provides
support for apoprotein sliding from the surface of
LDL during autooxidation. It can be hypothesized
that changes in the microenvironment of trypto-
phan residues increase their availability for water-
soluble molecules, including FL quenchers.

The F,s/Fyy ratio was calculated to estimate the
degree of LDL modification. This approach does
not require standardization of FL. measurement. The
relationship between F,,¢/F,, and LPO was estima-
ted. LDL were isolated from the blood of healthy
donors (n=24) and incubated at 37°C for various
periods. The study was performed with 76 LDL
samples differing by the degree of modification. A
positive correlation was found between F,,/F, and
concentration of TBA-reactive substances (r=0.76,
p<0.001; Fig. 3). The mean value of F,/F,, for
LDL after 3-h autooxidation was 0.036+0.003, which
is significantly lower compared to native LDL (0.019+
0.001). The conventional intergroup boundary was
drawn at 0.027. In only 1 of 24 native samples
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F,s/Fyy that exceeded this value and in 1 sample
of modified LDL F,, /F;, was below 0.027. The dif-
ference between F,i/F,, for native and oxidized
LDL increased under conditions of strong oxidation
(24-h incubation of LDL at 37°C). Hence, study of
variations in LDL autofluorescence by calculating
the F,,¢/Fy ratio allows us to distinguish oxidized
and native LDL.

REFERENCES

1. R. K. Aidyraliev, O. A. Azizova, M. M. Mirrakhimov, and Yu.
M. Lopukhin, Byull. Eksp. Biol. Med., 132, No. 8, 164-167 (2001).

T. V. Vahrusheva, E. S. Dremina, V. S. Sharov, and O. A.
Azizova, Biofizika, 42, No. 3, 662-670 (1997).
A. Giessauf, E. Steiner, and H. Esterbauer, Biochim. Biophys.

Acta, 1256, No. 2, 221-232 (1995).

A. Jerlich, M. Hammel, F. Nigon, et al., Eur. J. Biochem., 267,
No. 13, 4137-4143 (2000).

O. M. Panasenko, S. A. Evgina, R. K. Aidyraliev, et al., Free
Radic. Biol. Med., 16, No. 2, 143-148 (1994).

J. D. Routier, C. Maziere, F. Rose-Robert, et al., Ibid., 23, No.
4, 301-315 (1995).

D. L. Tribble, Curr. Opin. Lipidol., 6, No. 4, 196-208 (1995).
P. Viani, R. Cazzola, G. Gervato, et al., Biochim. Biophys. Acta,
1315, No. 2, 78-86 (1996).




