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ABSTRACT. Among different proposed mechanisms to account for the protection exerted by estrogens
against cardiovascular diseases, the antioxidant effect has attracted considerable attention. We confirmed
that 17g-estradiol (E2), when added to human LDL at a 6:1 ratio to apoB-100, markedly delays the
phase of massive LDL lipid peroxidation induced by?€CuWe also observed an increased oxidative
resistance of E2-treated LDL by monitoring the early phase of oxidative degradation on the basis of
increased LDL surface polarity by the generalized polarization of the lipophilic fluorescent probe
2-(dimethylamino)-6-lauroylnaphthalene (Laurdan). A scavenging of free radicals by E2 is ruled out since,
consistent with its structure, its rate constant for the reduction of peroxy radicals is extremely low, i.e.,
0.02% of that of vitamin E. Tryptophan fluorescence lifetime and circular dichroism measurements revealed
that (i) apoB-100 undergoes a conformational modification and a progressive loss of secondary structure
during lipid peroxidation; (ii) E2 increases apoB-100 secondary structure and modifies its conformation;
and (iii) the apoB-100 conformational change induced by E2 makes this protein resistant to modifications
brought about by lipid peroxidation. We propose that E2, by affecting apoB-100 secondary structure and
conformation, modifies the interaction of this protein with the outer layer of the LDL patrticle thus increasing
its overall oxidative resistance.

Epidemiological data indicate that coronary heart disease proposed12) and questionedl@) on the basis of the kinetics

is more prevalent in men and premenopausal women thanof its free-radical scavenging reaction. A recent repb4) (

in age-matched postmenopausal women. Estrogens that affecshows that E2 prolongs the lag phase of LDL peroxidation
the plasma lipid profile 1) reduce the concentration of and ascorbate increases dramatically the effect of E2. This
plasma homocysteine and angiotensin-converting enzgme ( synergism is unlikely due to a free-radical scavenging by
3), induce relaxation of the vasculatus,(and alter the level ~ E2, which, instead, would have produced an additive effect,
of clotting factors §). The beneficial effect of estrogens on thus prompting further investigation on the nature of the E2
the oxidative stability of LDL is proposed to account for antioxidant effect.

their anti-atherogenic effecs{-10), and 17p-estradiol (E2) Using a 1:6 molar ratio between apoB-100 and E2 as the
appears the most activé,(11). E2 delays the oxidative  condition where the effect of E2 was maximal in the absence
modification of LDL both in vivo 6) and in vitro 7, 10). of ascorbateX4), we challenged LDL with C&r, conditions

Although hardly compatible with the molecular structure of widely used for testing oxidative resistance.
E2, a peroxidation chain-breaking effect has been both Our results provide evidence that the origin of the
increased oxidative resistance conferred by E2 to LDL
T This work was supported in part by the EU Biotechnology Project res".jes In a conformational change of apOB._l.OQ that affects
BIO4-CT97-2177 (T.P.). the interaction between apoB-100 and the lipidic surface of
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! Abbreviations: ABAP, 2, 2azobis-(2-amidinopropane)-dihydro- ; iti
cloride; GP, generalized polarization; E2, g+stradiol; Laurdan, Peroxy radicals were generated by thermal decomposition

2-(dimethylamino)-6-lauroylnaphthalene; NATN;acetyl-tryptophan- of 12.5 mM Z:Z'aZObiS'(Z'amidinmepane)'(.j!hydmdoride
amide; POPOP, 2'-phenylene-bis-(5-phenyl)oxazole. (ABAP) at 40°C. The reaction mixture, equilibrated at 40
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°C, contained 1M crocin in 0.1 M phosphate buffer, pH spaced in the range from 9 to 200 MHz. Data were analyzed
7.0, 1% ethanol (vol %), 12.5 mM ABAP and different using the Globals Unlimited software (Laboratory for
concentrations of Trolox C (525uM), or E2 (50-250uM). Fluorescence Dynamics, University of lllinois at Urbana
ABAP, Trolox C, and E2 were from Sigma Chemical Co. Champaign) using a Marquardt algorithm. The goodness of
(St. Louis, MO). Crocin was purified from saffron flowers fit was evaluated by the value of the reduced chisquzde (

by Wa5h|ng with d|ethy| et-her and eXtraCting with methanol. Tryptophan Fluorescenc@&he intensity variation of tryp_
The crocin concentration in methanol was determined by the tophan residues fluorescence was measured at different times
absorbance at 443 nm using an extinction coefficient of fo|lowing addition of C&", with or without E2 at a molar

1.33x 100 M~tcm™. ratio LDL:E2 of 1:6. The GREG 200 fluorometer was set at

LDL Purification and PeroxidationHuman LDL was 205 4+ 8 nm excitation and 336 8 nm emission. The
isolated from healthy fasting volunteers by a short run flyorometer cell holder was thermostatically maintained
ultracentrifugation procedure based on a nonequilibrium 37 0+ 0.1 °C, and the samples were continuously stirred.
density-gradient using a Beckman+80M ultracentrifuge  Tryptophan fluorescence lifetime was measured in LDL by
with a swinging bucket rotor SW41-TiLp). The isolated  ysing the harmonic response technique, atuMLprotein
LDL fraction was dialyzed for 24 h against phosphate buffer, concentration. The excitation source was a frequency-doubled
pH 7.4, that was deoxygenated by nitrogen bubbling. The rhodamine dye laser pumped by a high repetition mode-
protein concentration was adjusted to @NI of apoB-100  |ocked Nd:YAG laser. The excitation wavelength was 295
with phosphate buffer. The purity of the LDL preparation nm and the emission was collected through a WG330 cutoff
was checked by SDS gradient (3 to 15%) polyacrylamide filter. The phase and modulation data were collected using
gel electrophoresis under nonreducing conditions and stainedthe K2 fluorometer (ISS Inc.) and the accompanying
with Comassie Brilliant Blue. software. The fluorometer cell holder was kept at-8D.1

LDL samples (0.1:M), in the absence or in the presence or 20 + 0.1 °C using a circulating water bath. During
of E2 (0.6uM), were peroxidized with M CuSQ, at 37 measurements, the samples were continuously mildly stirred.
°C. The peroxidation was stopped at various times with 50 The data analysis was performed by the Globals Unlimited
uM ethylendiaminetetracetic acid, pH 7.4. Diene conjugation seftware using a Marquardt algorithm. The goodness of fit
was measured by absorbance at 234 nm as previouslyyas evaluated on the basis of the value of the

defcribded 12 S | f LDL : 1 Circular Dichroism. Circular dichroism spectra of LDL
aurdan Fluorescencesamples o suspension ( (0.1 uM) under the different experimental conditions were

mL, 0.1uM), withdrawn after different times of incubation . -
. . i : recorded on a JASCO J-710 spectropolarimeter, using 0.1
with Cw?*, were labeled with 2-(dimethylamino)-6-lauroyl- cm quartz cuvette, in the peptidic region (2€850 nm). To

naphthalene (Laurdan, Molecular Probes Inc., Eugene, OR)increase the signal-to-noise ratio, six spectra were averaged

gy a?rc]jir;g foa’él‘ cflfha 1.25 ImM solution_lc_)g tr;edarobleoin_ for each measurement, and the blank was subtracted. The
imetnylsutoxide. 1he samples were equilibrated Ior LUmin' ¢ po1ger compartment was thermostatically maintained at

atL37 03 in the quTror(Tj]etelr C.e”t.hOIng'D 374+ 0.1°C using a circulating water bath. The spectra were
aurdan generalized polarization (GP) measureméigs ( analyzed for the content im structure by using the software

were performed using a GREG 200 fluorometer (ISS Inc., ; :
Champaign, IL) equipped with a xenon arc lamp and photon accompanying the spectropolarimeter.
counting electronics (PX01, ISS Inc.). The excitation was pResyLTS
360 nm with an 8 nm bandwidth. Emission spectra were
acquired from 400 to 550 nm using an 8 nm bandwidth.  The free-radical scavenging capacity of E2 was measured
Emission spectra were corrected for lamp intensity fluctua- using a kinetic procedure based on the inhibition of the
tions. The cell holder was thermostatically maintained at bleaching of the carotenoid crocin by thermally generated
37.0+ 0.1°C using a circulating water bath. The GP value peroxy radicals. As expected on the basis of the E2 molecular
was calculated from the emission spectra according to structure, the relative rate constant of the reaction between
E2 and peroxy radicals was quite low, accounting for only
GP= (1440 = l490)/(l 420 T 1490 (1) 0.02% of the antioxidant capacity of a chromanol bearing
molecule such as Trolox C. Nevertheless, as measured by
wherely40 and l490 are the emission intensities at 440 and the formation of conjugated dienes, E2 increases the delay
490 nm, respectivelylQ). (lag phase) before the onset of the rapid phase of LDL
Laurdan-labeled LDL samples under the different experi- peroxidation (Figure 1) from about 90 to 135 min. To explore
mental conditions were also used for fluorescence lifetime the mechanism of this delay, we focused our investigations
measurements using a K2 phase fluorometer (ISS Inc.)on this “lag phase”. The Laurdan GP is extremely sensitive
equipped with a xenon arc lamp. An additional polarizer was to variations in polarity occurring at the surface of lipid
inserted in the excitation light path, with an angle of.30 layers. In the presence of lipid oxidation products the Laurdan
Excitation was at 360 nm with a 16 nm bandwidth and the GP value increase2Q—22). Indeed, Laurdan showed a
fluorescence was observed after a filter cutting below 418 surprising sensitivity to variations occurring in LDL lipids
nm. A solution of 2,2—p-phenylene-bis-(5-phenyl)oxazole at early times after the oxidative stimulus. In LDL, the
(POPOP) in ethanol was used as the reference (lifettime Laurdan GP value increased about 6% as early as 5 min after
1.35 ns). The fluorometer cell holder was thermostatically the addition of C&", reaching a plateau after 15 min with
maintained at 20.0+& 0.1 °C, and the samples were an increase of about 32% (Figure 1). In the presence of E2,
continuously and mildly stirred. Phase and modulation data a markedly slower increase of the GP value was observed,
were acquired for 16 modulation frequencies, logarithmically reaching the plateau after 60 min (Figure 1).
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Ficure 1: Laurdan GP and conjugated dienes in LDL incubated Time (sec)
with Ci?*. Laurdan GP values, measured at@Y (filled symbols)  Figure3: Tryptophan fluorescence intensity in LDL incubated with
and the absorbance of conjugated dienes (empty symbols), areci2+, Representative plot of the variation of tryptophan fluorescence
plotted as a function of LDL incubation with €y at 37°C, in intensity as a function of the incubation time of LDL with €y

the presencdll, ) and in the absenc®(O) of E2. Average results  jn the presencel) and in the absence®] of E2. Time interval
of five and three independent experiments, with standard deviation from 2 to 9 min. The initial intensity is normalized.
of 0.6 and of 3% for the GP and the diene conjugation, respectively.

2, panels A and C), with an average lifetim&({ Table 1)
. " very close to that of the control. On the other hand,
Experimental Conditiorts inca/bation of LDL with Cd" for 60 min deeply affected
sample G Fh W G R W 2 GO Laurdan decay even in the presence of E2 (Figure 2, panels
control 6.67 057 226 120 043 378 115 432 B agnd D). In control and in E2-treated samples incubated
ig;‘ﬁ 1(7)'23 8-1‘; g'gg iég 8'22 g'gg i'g(l) i'% with CWw?* for 60 min, the calculated average lifetime
+CWRY+E2 992 046 029 103 054 363 141 512 increased (Table 1). Although small, this increase is sufficient
to rule out a quenching of Laurdan fluorescence due to an
interaction between the probe and lipid peroxidation products,

Table 1: Laurdan Lifetime Values in LDL under the Different

@ Results of a global fit of two independent measurements performed
at 20 °C. The data have been analyzed following a model of two

continuously distributed lifetime components, each with a cefeg and indicates, instead, that the increased GP value during
fractional amplitudef;, and a full width at half maximuriy. The incubation with Cé&" was likely due to a relocation of the
average lifetime value is calculated bji= 5 .GF; probe induced by the formation of hydrophilic domains in
LDL, associated with the formation of lipid hydroperoxides,
06 c as will be discussed below.

The intrinsic fluorescence intensity of tryptophan residues
in apoB-100 was measured as a function of time following
addition of C@*. In agreement with previous report&4j,
the tryptophan intensity decreased. In the Figure 3, the time
course of this decrease is shown during the first 10 min after
D addition of Cd". A slower decrease was observed in the
presence of E2. The effect of €uon the intensity of the
tryptophan molecule itself was tested by using a1l
solution ofN-acetyl-tryptophanamide (NATA) in PBS bulffer.

In the presence of Cti, NATA intensity did not show any
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variation.
° s ” o s ” e The fluorescence decay of the 37 tryptophan residues of
Lifetime (ns) the apoB-100 was measured, at 20 and at°@7 For

FiGURE2: Laurdan lifetime distributions in LDL. Laurdan lifetimes ~ Measurements at 3, the results are reported in Table 2
measured at 20C in control LDL (A), after incubation for 1 h and in Figure 4. As expected, due to the presence of several
with Cu?* (B and D), and in the presence of E2 (C and D). Results tryptophan residues in various local microenvironments, the
of a global fit of two independent experiments. decay was quite complex. The phase and modulation data
) ~were fitted using different models of exponential and
To rule out an increase of the GP value due to quenching gjstriputed decay functions, and the smallest value of the

of the probe emissior2@) by lipid peroxidation products,  \as obtained for a model of two distributed lifetime
we measured Laurdan fluorescence decay in LDL before a”dcomponents with a Lorentzian shape (Table 2). In control

after incubation with C%T for 60 min, when the GP value Samp'esy the main Component of the tryptophan decay

already reached a maximum both in the presence and in the(fraction= 0.64) is centered at 4.78 ns (Table 2 and Figure
absence of E2. A physical quenching would decrease the4A). The residual fractional intensity (fractios 0.36)
average lifetime value. The results, reported in the Table 1 griginates from a component centered at 1.57 ns. Significant
and in the Figure 2, show that Laurdan decay in LDL is alterations of these decay components were observed both
rather complex. As judged by the value of f(Table 1),  when the tryptophan lifetime of apoB-100 was measured in
the phase and modulation data best fit a decay of two the presence of E2 and after incubation of LDL with?Cu
continuously distributed components with a Lorentzian shape. for 60 min. The presence of E2 primarily affected the main
Each distributed component is characterized by a center valuecomponent of the decay, with an increase of its center value
(C), a full width at half-maximum (), and a fractional and a decrease of its fractional intensity and width (Figure
amplitude F) (Table 1). In the presence of E2, only minor 4C). In the absence of E2, incubation of LDL with €u
modifications of the Laurdan decay were observed (Figure caused a decrease of the center value of both components
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incubation time with C¥' starting at intervals as early as 5
min. When LDL was incubated with Gt in the presence
of E2, only a minor decrease of the signal intensity could
be observed (Figure 5B).
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The peroxidation of LDL in the presence of transition
metals depends on the concentration and availability of
species such as lipid hydroperoxid@3)( redox-labile amino
acids in apoB-10028) anda-tocopherol 29), each of which
can reduce the transition metal to its most reactive reduced
form. Moreover, the plasma concentration of small-dense
Lifetir%e (ns)z 4 6 8 LDL has been _suggested as a determinant _of t_he peroxid-

ability of the entire LDL fraction 80), among which is found
Fiure 4: Tryptophan lifetime distribution in LDL. Measurements  the electronegative LDL3(1). This suggests that, in addition
:tngﬂD)C g]n(c:ioirr]]trt?llel_p?rl_eég){caeﬁgfr 'Er‘ffgagﬁg fg)l g;‘fs'mtggf a(lBglobaI to its antioxidant content, structural and physical elements
fit of two independent measurements. ' can affect the oxidative stability of LDL. Calorimetry studies
(32) provided evidence for a major effect on oxidative

of tryptophan decay and an increase in the fractional Stability of order-disorder transitions of lipids in the surface
amplitude of the short lifetime component (Figure 4B). In monolayer. A modification of the lipietprotein interaction
agreement with the hypothesis of a quenching due to a higherin LDL has been reported to decrease its oxidabilB)(
exposure of tryptophan residues to water when LDL is Suggesting that the structure of LDL particles and particularly
oxidatively modified, the decrease of the tryptophan fluo- the features of the interaction b_etween apoB-100 and lipids
rescence intensity (Figure 3) fitted with the decrease of the @re @ key element for its oxidative stability.
calculated average lifetime value after incubation witi"Cu In agreement with previous reportsg, (14, 34) our data
(Table 2). The decay of the tryptophans in apoB-100, as confirm that E2 delays the onset of the rapid phase of
modified by the presence of E2, was not further modified peroxidation of LDL. This effect of E2 cannot be accounted
by incubation with C&" (Figure 4, panel D in comparison for by the reduction of peroxy radicals, the key reaction of
with panel C). Similar results were obtained for measure- chain-breaking antioxidants. The extremely low relative rate
ments at 20C, although with higher average lifetimes (not constant of E2 for the reduction of peroxy radicals (0.02%
shown). The effect of Cf and of E2 on the decay of the than that of Trolox C) is consistent with its molecular
tryptophan molecule itself was tested by using a>18 structure, where electron attracting substituents in the
solution of NATA in phosphate buffer. In either the presence phenolic ring are missing and the transition to a stable
of Cw?t and/or E2, the NATA decay fitted a single discrete quinone is not possible.
component with a lifetime of 2.84 0.03 ns. A possible Variation of Laurdan GP in LDL during Cti-mediated
interference of vitamin E fluorescence with the tryptophan oxidation provides structural and kinetic information on the
decay was also tested by measuring vitamin E lifetime in nature of changes occurring at the surface of LDL in the
ethanol. Vitamin E decay resulted of a single discrete lifetime early phases after the application of the oxidative challenge.
component with the value of 1.62 0.03 ns. Considering | aurdan is a membrane probe with virtually no affinity for
that the molecular ratio between tryptophan and vitamin E proteins and with no appreciable fluorescence when in
in LDL is of more than 6 and that a direct relationship exists aqueous environments. As extensively reported, this probe
between the lifetime and the quantum yield, we evaluated s anchored by its lauric acid tail into the hydrophobic core
that vitamin E contributes for a maximum of 6.5% to the of the membrane bi|ayer, with its p0|ar naphtha|ene fluo-
total fluorescence emission. Previous steady-state evaluationgescent moiety residing at the level of the glycerol backbone
(25 gave an even lower percentage of 2.7%. This low of phospholipids 19, 35). Thus, following the currently
intensity of a discrete component cannot be resolved from accepted model for the structure of the lipids within the core
the tryptophan lifetime distribution in either of our experi- and surface of LDL 18), Laurdan monitors the properties
mental conditions and does not interfere with the changesof the outer surface of the particle. The probe shows a red
due to E2. spectral shift as a function of increased polarity at the
CD spectra of apoB-100, measured as a function of the hydrophobie-hydrophilic interface19, 20). A blue emission
incubation time with C&", in the absence or in the presence is observed in nonpolar, gel-like, environments and a red
of E2, are reported in Figure 5. The percentage sfructure emission is observed in more polar, liquid-crystalline-like,
was of about 40%, in agreement with previous rep&@e. ( environments. In terms of GP values (eq 1), a blue emission
When measured in the presence of E2 and in the absence ofjives high GP values and a red emission low GP values.
an oxidative stimulus, the CD spectrum of apoB-100 showed Laurdan spectral changes have been observed after lipid
an increased secondary structure (Figure 5A) directly relatedperoxidation, where a blue spectral shift is directly related
to the concentration of E2. The plot of the CD signal of to the amount of peroxidatior2q, 22). Using phospholipid
apoB-100 at a single wavelength (220 nm) and as a functionvesicles, a model has been proposed to explain this blue
of the incubation time with CU is reported in Figure 5B.  spectral shift 21, 22). The main products of lipid peroxi-
An intensity decrease, indicating a progressive loss of dation, i.e., hydroperoxide residues along the acyl chains,
secondary structure, was observed as a function of theloosen the hydrophobic interactions between adjacent lipids,
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Table 2: Fluorescence Lifetime of the 37 Tryptophan Residues in LDL under the Different Experimental Cohditions

sample fitting function C A Fi C W, F2 1 @0

control 1exp 3.01 1.00 1322.4

2exp 1.01 0.23 4.87 0.77 16.2

1lor 3.28 3.42 1.00 22.4

2 lor 1.57 2.23 0.36 4.78 0.94 0.64 0.9 3.62
+ Ccuwt 2 lor 0.73 2.15 0.45 4.1 1.26 0.55 1.0 2.58
+E2 2 lor 154 2.02 0.49 5.36 0.21 0.51 11 3.49
+ Cuwt+ E2 2 lor 1.82 2.53 0.46 4.99 0.19 0.54 0.9 3.53

aThe control LDL sample has been analyzed using different fitting functions, following a model of one (1 exp) and two (2 exp) discrete components,
and of one (1 lor) or two (2 lor) continuously distributed lifetime components with a Lorentzian distribution. The distributed decay components are
characterized by a centeg;, a full width at half maximumW, and a fractionfF;. Results of a global fit of two independent measurements
performed at 37C. The average lifetime value is calculated By/= YCF;.

\ A a method with a rather low sensitivity for measuring lipid
0 y peroxidation products. Therefore, the results obtained by
sl Laurdan GP indicate that the oxidative damage to lipids in
7 LDL is occurring almost immediately after the addition of
o 1\ V4 Cu?*, without a lag phase, and that the structural consequence
T of this accumulation of lipid peroxidation products is a
decreased packing of the surface lipids, accompanied by an
200 210 220 230 240 250 . . .
wavelength (nm) increased water concentration. In the presence of E2, this
initial phase of peroxidation is much slower, indicating that
E2 affects the oxidative events leading to the perturbation
of the surface of LDL through a modification of apoB-100,
i.e., through a modification of the interaction between this
protein and the surface lipids.

An increased hydration of the LDL surface due to lipid
peroxidation is in agreement with the results obtained by
o th:ne(m?n? o 80 tryptophan fluorescence intensity and lifetime. Indeed, the
Ficure 5: Circular dichroism of LDL. (A) Circular dichroism ﬂuore_scence O_f tryptophan reSIdl'!eS can be quenched by a
spectra of LDL (0.1uM) measured at 37C in the absence l0cal increase in water concentratid@8(39). We observed
(continuous line) and in the presence of different final concentrations that tryptophan fluorescence intensity (Figure 3) and lifetime
of E2, of 0.25 (dotted line), 0.6 (dashed line) andiM (long- values (Figure 4 and Table 2) decreased after LDL incubation

dashed line). (B) Plot of the absorbance at 220 nm of the LDL \yjth Ci2+. Tryptophan fluorescence is extremely sensitive
circular dichroism spectra as a function of the incubation withCu

in the absenceal) and in the presenc@®] of E2. Average results to changes in 'ts_local mlcroe:nVIronme.n.t Wh'Ch’ In turn,
of three independent measurements. The error bar is reported a€hanges for protein conformational modificatio3s,(38).
the 48 min point. Thus, the measurement of tryptophan lifetimes provides
information on variations in protein tertiary structure. In
thus favoring the penetration of water into the lipid hydro- proteins containing several tryptophan residues, the best
phobic core down to the level of the hydroperoxide residues. description of the decay has been obtained using a model of
Being hydrophobic, Laurdan relocates deeper into a more continuously distributed lifetime components, successfully
hydrophobic region of the lipids, giving a bluer emission applied to the study of the tertiary structure of several
spectrum and higher GP value&0t-22). This model also  proteins 89—41). In apoB-100, the 37 tryptophans yield a
fits the results obtained using the fluorescent membrane probecomplex decay described by two continuously distributed
diphenylhexatriene in phospholipid vesicl@&d,(21) and in lifetime components, each with a relatively large width. After
cell membranes3p) that contain increasing concentrations incubation with C&t, the shift of both tryptophan lifetime
of hydroperoxides. The reported changes of Laurdan lifetime components toward shorter values and the increase of the
value after Cé&-induced lipid peroxidation excludes any relative fraction of the shortest component were evident.
direct interaction between the probe and oxidation products Also, the calculated average lifetime decreases, in agreement
(23). Here, we detected a linear increase of the GP valuewith an increased exposure of several tryptophans to the
during the early phase of the &uinduced peroxidation. We  aqueous environment. Neither the steady-state intensity nor
attribute this GP increase to an increased water concentratiorthe lifetime of NATA were modified by incubation with
in the surface of the LDL particle, due to the increased Cw?*, and the observed modification of tryptophan decay in
concentration of lipid peroxidation products. This surface apoB-100 cannot be attributed to a direct oxidation of this
hydration of LDL occurs at early times after the Tu residue by C&. In part, some tryptophan residues can be
induced peroxidation and the Laurdan GP increases withoutalso oxidatively bleached. Nevertheless, after oxidative
a lag phase. Instead, the increase of conjugated dienemodification of LDL, apoB-100 tryptophan fluorescence
absorbance started after a lag phase of about 100 min afteoriginates from residues with an increased exposure to water.
the addition of Cé&* (Figure 1). This result is not surprising  In addition, a partial tryptophan oxidation does not influence
when considering that Laurdan detects minute concentrationsour major conclusion about the conformational modification
of hydroperoxides and that diene conjugation absorbance isof apoB-100 due to E2 and of a virtually nil further

[8110%(deg cm¥dmole)

% of CD signal at 220 nm
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conformational modification at longer times, when lipids are
oxidized.

Consistent with the Laurdan GP data, the loss of secondary
structure of apoB-100 detected by circular dichroism also
started almost immediately after addition of Cwvith no

lag phase before the massive lipid peroxidation corresponding 9.

to the propagation phase. Minute amounts of lipid hydro-
peroxides that modify the packing of the LDL surface lipids,
with an increased local hydration, also modify the interaction
between the apoB-100 and the surface lipids in such a way
that the protein’s secondary structure decreases.

E2 induces relevant secondary and tertiary conformational
modifications to apoB-100 and makes this protein resistant
to further modifications due to Ctrinduced peroxidation.

In the absence of an oxidative challenge, E2 modifies both
components of the tryptophan fluorescence decay. Although
the average tryptophan lifetime value did not show ap-
preciable differences in the presence of E2, the center and
the fractional intensity of the individual components of the
tryptophan decay were modified. In particular, the increased
value of the long lifetime component (Figure 4, panels A
and C), together with the CD data showing an increased
secondary structure (Figure 5A), suggests that E2 induces
an increased conformational packing of apoB-100. This
conformation is particularly resistant to perturbations related
to Cu*t-induced peroxidation. By causing a more stable
protein conformation, E2 prevents the peroxidation-induced
apoB-100 unfolding. This more stable conformation appears
to be responsible for the increased resistance to lipid
peroxidation (Figure 1).

The molar ratio between apoB-100 and E2 was as low as
1:6, and the ratio between LDL lipids and E2 is in the range
of 500:1-750:1, based on the apoB-100 and lipid content
of LDL. Thus, the E2 effect cannot be attributed to a
modification of lipid packing as, for instance, is the case
when the concentration of cholesterol in membranes in-
creases. Indeed, the minimum cholesterol to total lipid ratio
required to produce a detectable change in membrane lipid
packing is 1:2042). This supports the concept that E2 affects
apoB-100 conformation directly and not through changes in
the lipid moiety of LDL. Although E2 belongs to a family
of steroid hormones with similar chemical structure, other
steroid hormones do not afford a protection against'€u
induced LDL peroxidation43).
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