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ABSTRACT. The interactions of the lipid and protein moiety of human low-density lipoprotein (LDL) and
their influence on the oxidation behavior of LDL were modified using an amphipathic peptide, melittin,
as a probe. The interaction of melittin with the LDL phospholipid surface resulted in a destabilization of
apolipoprotein B-100 (apoB-100) as monitored by differential scanning calorimetry, while the characteristics
of lipid core melting remained nearly unchanged. Binding of melittin caused a restriction of lipid chain
mobility near the glycerol backbone, but not in the middle or near the methyl terminus of the fatty acyl
chains as observed by electron paramagnetic resonance. Also, upon melittin addition, the level of copper
binding to apoB-100 and the oxidizability of LDL by €uions were greatly reduced, as indicated by
abolished tryptophan fluorescence quenching upofi ®inding and, during oxidation, prolongation of

the lag phase of oxidation, attenuated consumptiom-¢édcopherol, and a lowered maximal rate of
conjugated diene formation. This reduction of oxidizability could not be reversed by increasing?the Cu
concentration. It is deduced that interaction ofCanda-tocopherol is required for reductive activation

of the metal. It can be abolished by interfering with the interactions between apoB-100 and the lipid
moiety of LDL which modifies the conformation of LDL and, as a consequence, hinders copper binding
to apoB-100.

Human low-density lipoprotein (LDL)is a quasi-spherical ~ LDL was postulated, with the hydrophobic cholesterol esters
molecule consisting mainly of phospholipids, cholesterol and triglycerides in the center (core) surrounded by an
esters, and a single large polypeptide chain, apoB-100. LDL amphiphilic monolayer of phospholipids, free cholesterol,
has attracted widespread interest as a putative risk factor forand apoB-100 §—7). Associated with the phospholipid
the development of atherosclerosis, in particular with respectmonolayer iso-tocopherol, the main antioxidant contained
to its susceptibility to oxidation (reviewed in refsand2). in LDL, which, in addition, plays an important role in the
Current investigations of LDL oxidation deal predominantly initiation of copper-induced LDL oxidatior8( 9).
with_the influence of lipid .composition on its oxidizability; ApoB-100, the major protein component of LDL, is a
the influence of the protein component and LDL structural hyqrophobic protein, consisting of a single large polypeptide
organization have elicited much less interest. chain of 4536 amino acid residues with a molar mass of 514

Information about the size and shape of LDL has been \pj (10, 11). It has been postulated that apoB-100 interacts
provided by small-angle X-ray scattering (SAXS) and small- \yith the phospholipid shell of LDL in such a way as to
angle neutron scattering (SANS). In previous studies per- “organize” the surface monolayet2). Like several other

fo_rmed in various laboratories, LDL was fo_und to have a apolipoproteins, apoB-100 is thought to contain a number
diameter between 22 and 28 nm (reviewed in Génd4). of amphipathica-helices angs-sheets 13) with which the
In addition, a core-shell arrangement of the constituents of protein probab_ly effectuates this organi;ation _Of _th_e LDL
* Supported by the Austrian Science Funds, Projects SFB00709 surface. Also, involvement of apoB-100 in the initiation of
(P.M.A.) and P11697 (R.P.), and by the European Union, BIOMED 2 '—E'—lj)zf'datéog, bbqtf:j_by providing electrons for t_?e reductl%rll
CA Project PL 963191. . . of Cuw?* and by binding copper ions in a specific, saturable
* Corresponding author. Fax-43316 3809857. E-mail: peter.abuja@ manner, has been postulateld( A certain role of apoB-
kfuinbgr]rﬁéfs‘i:t'itbf Graz 100 in solubilizing copper ions within the lipid moiety of
8 Austrian Academy' of Sciences. LDL is conceivable, as well. Thus, lipigprotein interactions
1 Abbreviations: LDL, low-density lipoprotein; SAXS, small-angle  might have important consequences for the oxidation be-
e i ey navior of LDL and the mechanism by which LDL is
oxazolidinyloxyi; lZ-DSA, 2-(10-carboxydecyI)-’2-hexyI-4,4-dimethyl- OX!dIZQd. As the.pro.tem become§ |neV|tany mOd'f'ed du”_ng
3-oxazolidinyloxyl; EDTA, ethylenediaminetetraacetic acid; AAPH, OXxidation, resulting in a change in the protein conformation
2,2-azobis(2-amidinopropane hydrochloride); DSC, differential scan- (15) and degradation of amino acids, e.qg., tryptophts),(

ning calorimetry; TEMPO, 2,2,6,6-tetramethyl-1-piperidinidesxyl; ; ; ;
EPR, electron paramagnetic resonar¢e), scattering functionp(r), or sulthydryl groups 17), a varying extent of interaction

distance distribution function; CD, conjugated dien&; rate of between apoB-100 and shell lipids may have important
initiation; Vimax, maximum rate of propagation. consequences for the changes in the oxidizability of LDL
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over time. In addition, LDL which becomes trapped in the

Abuja et al.

behavior of LDL prepared from such plasns8). Moreover,

subendothelial space of the arterial initma undergoes distinctDSC experiments with LDL were performed with LDL

changes 18). Conformational changes of apoB-100 are
induced in vitro by interaction with matrix components
(glycosaminoglycans) and affect the oxidizability by copper
ions (19). It is, therefore, of considerable interest to determine
which role the protein component of LDL plays in modulat-
ing its oxidation behavior. Although the biological relevance
of transition metal ions for the initiation of LDL lipid
peroxidation in vivo is still debated, apart from the discovery

prepared from fresh and frozen plasma without detectable
differences in phase transition and protein unfolding.

LDL was prepared by ultracentrifugation using a single-
step discontinuous gradient in a Beckman NTV65 rotor at
60 000 rpm for 2 h at 10C as described previous|2g).

The LDL solution was filtered through a 0.22m filter
adapted to a syringe into a sterile, glass vial (TechneVial,
Mallinckrodt-Diagnostica) and stored at°€ under argon

of considerable amounts of redox-active copper and iron in in the dark for up to 1 week.

atherosclerotic plaque, findings that cell-mediated oxidation

Loading of LDL witha-Tocopheral Pooled EDTA plasma

relies on the presence of redox-active transition metal ionswas incubated with ethanolig-tocopherol (250 mM, 1%

(20), that ceruloplasmin can provide redox-active coppéy (
under certain conditions [low pH2R) or in the presence of
peroxynitrite @3)], and that activated human monocytes
secrete ceruloplasmir?4) have sustained interest in this
particularly active prooxidant for LDL. Moreover, copper-
induced oxidation of LDL is the most widely used model in

of the total plasma volume) at 3€ under argon in the dark,
and LDL was isolated subsequently as described above. As
a control, plasma incubated with the same amount of ethanol
was used49).

Chemical AnalysisProtein quantitation was performed
with the BCA assay using albumin as a standard (Pierce,

clinical studies, and there is some correlation between the Rockford, IL). For routine quantitation of LDL, measurement

susceptibility of LDL to oxidation of in vitro and in vivo
markers 25).

In this study, we used melittin as a probe to investigate
the interaction of apoB-100 with the lipid components of
LDL, by monitoring the effects on LDL oxidizability and
structure. Melittin, the major constituent of bee venom, forms
an amphipathiax-helix in bilayer membranes and has the
ability to destabilize them (reviewed in r26). On the other

of total cholesterol was performed with the CHOD-PAP
enzymatic test kit (Boehringer-Mannheim). The total LDL
concentration is expressed in micromolar, assuming a molar
mass of 2.5 MDa and a total cholesterol (free and esterified)
content of the LDL samples of 31.6 wt 929).

Quantification ofa-tocopherol was performed with the
method described previousI®)( Briefly, 1 mL of sample
(containing 0.1 nmol of LDL) was withdrawn from the

hand, some domains of apoB-100 are supposed to stabilize€action mixture and immediately mixed with the same

the surface of LDL 27). We expected that melittin would
preferentially interact with the surface phospholipids of LDL

volume of ice-cold ethanol containing 2 mg/mL butylated
hydroxytoluene and 5@L of an aqueous solution of 100

and thus affect the interaction between apoB-100 and themg/mL EDTA. Extraction was performed with 1.5 mL of

lipid moiety of LDL. We observed that this eventually leads

hexane by vortexing for>1 min. HPLC analysis was

to destabilization of the apoprotein and as a consequence terformed in principle as described previous$), (using

reduced oxidizability of LDL.

MATERIALS AND METHODS

ReagentsThe reagents used were AR grade or better,
obtained from Merck or Sigma-Aldrich (Vienna, Austria).
Melittin was from Serva and was essentially free of phos-
pholipase A activity, which was assessed in our laboratory
by incubation with 1-palmitoyl-2-oleoylphosphatidylcholine
at a lipid/peptide molar ratio of 50 for 24 h at 48. Aliquots

external standardization.

LDL Oxidation Before oxidation, a volume of 0-5L.0
mL of the LDL stock solution was desalted and made EDTA-
free by gel filtration in Econo-Pac 10DG columns (Bio-Rad,
Richmond, CA) with PBS as the eluting buffe28]. The
LDL concentration in the PBS solution was then determined
by measuring the total amount of cholesterol as described
before.

The LDL oxidation process was followed by recording
the conjugated diene absorbency at 234 ri2f) (in a

were taken and analyzed by thin-layer chromatography usinggeckman DU-640 spectrophotometer at°87 Appropriate

CHCI3/CH3OH/NH3 conc (65/35/5 viv) as the solvent. One

volumes of the EDTA-free LDL solutions and PBS were

single spot could be detected by molybdate staining and yinetted into a set of six quartz cuvettes, and the oxidation

charring, indicating the integrity of the samples.

process was started by adding an aqueous solution of CuSO

Phosphate buffered saline (PBS) was 10 mM sodium (final concentration of 1.6:M) or AAPH [2,2-azobis(2-

phosphate buffer (pH 7.4) containing 0.15 M sodium
chloride. The spin-labels, 2-(3-carboxypropyl)-4,4-dimethyl-
2-tridecyloxazolidinyloxyl (5-DSA) and 2-(10-carboxydecyl)-
2-hexyl-4,4-dimethyl-3-oxazolidinyloxyl (12-DSA), were
obtained from Sigma-Aldrich.

Storage of Plasma and Preparation of LDEDTA-
containing (1 mg/mL) pooled plasma was prepared im-
mediately after obtaining blood of fasted, normolipidemic
volunteers (25-35 years old). Sucrose was added to give a
final concentration of 0.6%, and then the pool was split into
aliquots and stored at80 °C for a maximum of 6 weeks.

amidinopropane hydrochloride)] (final concentration of 1
mM), dissolved in PBS.

Recording of conjugated dienes was started immediately
after the addition of CuS9Oor AAPH and continued in
intervals of 4-6 min. The recorded absorbency data were
converted to molar concentrations of conjugated dienes using
a molar absorption coefficient of 29 500 ®#cm™ (in case
of AAPH-mediated oxidation, blank AAPH absorbency was
subtracted).

Small-Angle X-ray Scattering (SAXSmall-angle X-ray
scattering was measured by an integrated MBG-SAX camera

It has been shown previously that such storage conditionssystem (HECUS-MBraun, Graz, Austria), based on the
affect neither the antioxidant concentrations nor the oxidation Kratky line collimator, equipped with a position sensitive
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detector, a Ni-filtered beam-stop system, and an automatic
temperature and time programmer and data collection unit.
The camera was operated at a rotating anode generator (RU-
200B; Rigaku Denki) with Culd radiation (wavelength of
0.1542 nm).

To 100uL of LDL solution containing 20 mg/mL LDL
in PBS was added &L of an agueous melittin stock solution
(6 mg/mL) to obtain a final melittin concentration of 0.1
mM, corresponding to about ¥2A3 molecules of melittin
per LDL particle and about one melittin per 50 phospholipid
molecules, assuming an average of 700 phospholipid mol-
ecules per LDL. The measurements were performed at 10
and 37°C, respectively, with an exposure time of 8 h. No
apparent aggregation of LDL due to the length of radiation
exposure was noticed in native LDL.

The scattering curves were normalized for integral primary
beam intensity; the buffer baseline was subtracted, and the
curves were finally normalized for lipoprotein concentration.
Deconvolution and inverse Fourier transform of the data
obtained with slit collimation were performed using the ITP
program 80) as described previousihBl).

Differential Scanning Calorimetry (DSCYXalorimetric
experiments were performed with a model DASM-4 high- ‘ L ;
sensitivity, adiabatic differential scanning microcalorimeter 0 5 1015 20 2 30 0 5 10 15 20 25 3
(Biopribor, Pushchino, Russia) at a heating rate dfCl r [nm] r [nm]
min. The cells were pressurized with nitrogen to about 250 Ficure 1: Desmeared small-angle X-ray scattering cuisfor

kPa to avoid air bubble formation during high-temperature LDL (solid lines) and LDL treated with melittin at a ratio of about

: : 100 mol of melittin/mol of LDL (dashed lines). The curves for 10
heatlng. .PBS was qsed to fill the reference cell. The (A) and 37°C (B) are shown. The values for the corresponding
lipoprotein concentration was about 5 mg/mL throughout all gjectron pair distance distribution functiop@) are shown in panels
calorimetric experiments. Aliquot amounts of the melittin C and D.
stock solution (6 mg/mL) were added to give final ratios of ) ) o ]
5. 10, and 100 mol of melittin/mol of LDL. 37 °C, is notoriously difficult, owing to the low contrast of
the central scattering maximum. The corresponding electron

pair distance distribution curveg(r), obtained with indirect

L It : |

Electron Paramagnetic Resonance (EPR) Measurements
Appropriate amounts of spin-labels (5-DSA and 12-DSA) X )
dissolved in ethanol (the actual label concentration was E_ourler 1tra1flhsforrrr]151:‘(0) are shown in panzls Cha2d1D7 of
calibrated with a TEMPO standard) were dried by evaporat- F'9ure 1. The characteristic maximum ) ath = 1.

o . . -
ing the organic solvent under a stream of nitrogen. The dry "M = obtained at 16C, resulting from an _or_dered_ core I!p'd
film was dispersed in about 256 of LDL solution (14 arrangement remains unaffected by melittin. This maximum

4M) and incubated with gentle shakingrf@ h at room disappeared at 37C, due to core-lipid melting, both in the

temperature in an argon atmosphere. The molar ratio of spin-2PSe€nce and in the presence of melittin. The maximum

label to LDL was 7/1. To the spin-labeled LDL preparation particle diameter, de_fined as the_ o_listance whe(rg ap-
was added an aqueous solution of melittin to obtain ratios Proaches zero, was higher for melittin-treated LDL by about

of 1, 10, and 100 mol of melittin/mol of LDL. As a control, 1 nm. The shift to lower angles of the angular positions of

only PBS was added instead of melittin. EPR experiments tN€ maxima inl(h), in the presence of melittin, was even
were performed as described elsewhé@®.( more pronounced at 3. Thus, the effects of melittin are
Fluorescence Measurement®L tryptophan fluorescence directed to the outer layer of the particle, whereas the core

decay was measured using a Perkin-Elmer LS-50-B Spec_remains unaffected.
trofluorimeter, at 282 and 331 nm (excitation and emission, Differential Scanning Calorimetry (DSCQpon the mix-

. L ture being heated from 0 to 4C, one endothermic transition
respectively), as well as spectra (excitation at 282 nm) as

) . was observed, corresponding to the oreldisorder transition
ggscrlbed previouslyl@). Samples were thermostated at 37 of the core lipids (“core-lipid melting”, Figure 2A)%( 33).

Addition of low concentrations of melittin (up to 10 mol of

RESULTS melittin/mol of LDL) had no influence on the thermotropic
core transition temperaturd{ce = 27.2 °C). At higher
Small-Angle X-ray Scattering (SAX®gnels A and B of  melittin concentrations, a significant shift f, ce to higher

Figure 1 show the small-angle X-ray scattering curvéy, temperatures occurred{ce = 31.1+ 0.2°C, mean of two
for LDL at 10 and 37°C, in the absence and presence of independent measurements).
melittin, measured in the angular range of-02Inm ! [h = The main impact of melittin was observed with respect to

(4 sinB)/4; 20 = scattering anglet = 0.1542 nm]. Details ~ the thermotropic unfolding characteristics of apoB-100
concerning data evaluation and interpretation of LDL SAXS (Figure 2B). In native LDL, denaturation of apoB-100
data of native LDL are described elsewhere 31). The occurred in a single, irreversible step, at approximately 80
determination of the innermost part kfh), in particular at °C (5). Even low concentrations of melittin (5 mol/mol of
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FiGUrRe 2: Excess heat capacity functions for LDL (a) and melittin-
treated LDL [molar ratio of 10:1 (b) and 100:1 melittin:LDL (c)],
after normalization to the scan rate and the amount of LDL. Panel
A shows the reversible melting of the core-located cholesteryl esters

and B the thermal unfolding of apoB-100.

Table 1: Increase in the Outer Hyperfine Splitting Constaf(.y) = —E
of 5-DSA in LDL by Binding of Melittin to LDL at Different Molar E s
Ratios £ e
13
>
meliti/LoL A C) pejittinpL. At (G)
(mol/mol) 20°C 37°C (mol/mol) 20°C 37°C
1 0.10 0.20 10 0.55 0.60
1 0.05 0.10 100 0.67 0.61
10 0.52 0.60 100 0.60 0.65 0.0 2.5 5.0 75 10.0 0.0 25 5.0 75 100

- - Melittin] (1M Melittin] (LM
aData for two independent preparations; the measurements were [Metitind (kM) [Melittin (uM)

repeated twice. Ficure 3: Effect of melittin on copper-mediated LDL oxidation.
LDL (0.1 uM) was incubated with 1.6M Cu?* in the presence of
the melittin concentrations indicated, and formation of conjugated
LDL) led to a significant reduction of the transition tem- dienes was monitored at 234 nm. Panel A shows the typical time

perature,Tm protein and broadening of the peak. In addition, course of oxidation found at increasing melittin (_:oncentratiqn_s.

a second, broad low-temperature transition at approximatelyPane! B shows plots of the dependence of lag time on melittin

55°C was observed, which became more pronounced whenS07centration. and panel C shows the change in maximum
" - . P propagation rate as a function of melittin concentration.

the melittin/LDL ratio was increased from 5 to 100 mol of

melitt_ir_1/mo| 01_‘ LDL. Concomitantly, the high-temperature subsequently, after the CD concentration has reached a
transition vanished. maximum), and (iii) the decomposition phase, where CD
Electron Paramagnetic Resonance (EPRie effect of  hydroperoxides react further to give a wide variety of
melittin treatment on the phospholipid chain mobility was products.
determined from the outer hyperfine splitting in the EPR | DL oxidation in the presence of melittin was largely
spectra of the stearic acid spin-label with the active nitroxide hindered as shown in Figure 3; M LDL was incubated
group at either 5-C or 12-C. The spin-label was incorporated with increasing molar ratios of melittin (6100 mol of
into the surface phospholipid monolayer of LDL with the melittin/mol of LDL) and oxidized with 1.6:M Cu?* (Figure
carboxyl group at the surface and the fatty acid chain pointing 3a). Not only was the lag phase dramatically prolonged in
toward the interior of the particle34). a concentration-dependent fashion€325 min, Figure 3B),
When melittin was added to LDL (1, 10, or 100 mol of but the propagation rate also decreased accordingly (6.620
melittin/mol of LDL), an increase in the maximum outer 0.1254M min~2, Figure 3C). The latter indicates a reduction
hyperfine splitting constam,.x was observed for 5-DSA  in the average rate of initiatios, by about 45%, a& is
(Table 1). For the stearic acid, spin-labeled at C-12 (12- proportional to the square &fna. Additionally, the maxi-
DSA), no increase if\nax is detected. Melittin treatment of ~ mum amount of conjugated dienes formed (GPincreased
LDL thus caused a restriction of the phospholipid chain significantly.
mobility near the phospholipid headgroups. If this effect was solely due to copper chelation by melittin,
Copper-Mediated LDL OxidationWhenever LDL is increasing the copper concentration while keeping the
oxidized under the conditions used in this study, usually three melittin concentration constant would overcome the increase
phases can be distinguished: (i) an inhibited phase in whichin lag time and the decrease in the propagation rate. The
Cuw?* is reduced to Cl by a-tocopherol and antioxidants  results of this experiment are shown in Figure 4; increasing
are consumed (lag phase), followed by (ii) the propagation copper concentrations (80 «M) did not affect the
phase where the lipid peroxidation chain reaction leads to reduction of LDL oxidizability with respect to lag time,
consumption of polyunsaturated fatty acids, accompanied bywhich remained essentially the same in the presence of
a rapid increase in the amount of conjugated dienes (CD) asmelittin, irrespective of the copper concentration used. This
the main initial oxidation products (these products decomposeindicates that the effect of melittin is not due to chelation,
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Ficure 4: Effect of increasing copper concentrations in the presence FIGURE 6: AAPH oxidation of LDL in the presence of melittin.

of melittin. LDL was incubated with melittin at a molar ratio of

LDL (0.1 uM) was oxidized with 1 mM AAPH in the presence of

50:1, and oxidation was started by addition of the indicated the indicated molar ratios of melittin, and formation of conjugated
concentration of Ctt. The lag time was increased as compared to dienes was monitored at 234 nm.

the control (oxidation at 1.@M Cu?" without melittin) and was

not restored to the value of the control, even at very high copper ghout 120 min, with less than 1 mol/mol left after 75 min.

concentrations, although the propagation rate reverted to some

extent to the original value.

7% T T T T 7
native

[TocOH] (mol / mol LDL)

incub. TocOH

[TocOH] (mol / mot LDL)

time (min}

Ficure 5: Consumption of antioxidants in the presence of melittin.
o-Tocopherol was assayed during LDL oxidation (@M LDL
and 1.6uM Cu?") in the presence (100 mol of melittin/mol of LDL)
and absence of melittin. le-tocopherol-loaded LDLg-tocopherol

is consumed only marginally slower in the presence of melittin.

Of the minor antioxidants, only-tocopherol showed a
behavior similar to that ofo-tocopherol (albeit it was
consumed somewhat slower thantocopherol; data not
shown); otherwise, minor antioxidants were consumed
generally by the end of the lag phase in both cases (70 min
in absence and 320 min in the presence of(lDmelittin).
When LDL was loaded witlw-tocopherol, the lag phase
was generally longer than that for native LDL (120 min
instead of 60 min), and in the presence of increasing melittin
concentrations, the same principal behavior was observed
with o-tocopherol-loaded LDL; i.e., increasing melittin
concentrations increased the lag time and decrédsgdnot
shown). However, consumption ef-tocopherol was not
much slower in the presence of 100 mol of melittin/mol of
LDL than in its absence (Figure 5, bottom panel). Actually,
melittin was able to prolong the time required for consump-
tion of a-tocopherol not longer than in native LDL, i.e., by
about 30-40 min (based on the time where less than 1 mol/
mol was left). It should be mentioned that at the high initial
concentrations ofi-tocopherol (23 mol/mol of LDL)y-to-
copherol appeared to be protected initially, and only after
the a-tocopherol concentration had dropped below 50% of
its initial value wasy-tocopherol rapidly consumed (not
shown). Otherwise, consumptionypfocopherol was similar
to that of a-tocopherol. Consumption gf-carotene was
delayed in the presence of melittin, in both native and
o-tocopherol-loaded LDL, but again decaytarotene was
slower in a-tocopherol-loaded LDL, with only minimal
consumption in the presence aftocopherol (not shown).

and that the copper concentration itself does not influence AAPH-Mediated LDL OxidationLDL (0.1 M) was

the action of melittin. CRax was unchanged by increasing
the copper concentration.

incubated a 37C with 1 mM AAPH, in absence and in the
presence of increasing molar ratios of melittin {Z®0 mol

Figure 5 shows the time course of consumption of of melittin/mol of LDL). No significant effect of melittin
o-tocopherol during oxidation, in the absence and presenceon the lag phase was observed, but there was a decrease in

of 10 mol of melittin/mol of LDL. The top panel illustrates

the propagation rate, proportional to the melittin concentra-

the effect of melittin in the case of native LDL; in the absence tion (Figure 6).

of melittin, a-tocopherol was consumed after 45 min, while

Tryptophan Fluorescence Decay and Specliamonitor

the lag phase lasted for another 20 min after its consumption.the effect of copper oxidation on protein damage in the

In presence of melittin, however, the persistencerdb-

presence and absence of melittin, we studied the changes in

copherol in LDL was considerably prolonged, extending to tryptophan fluorescence. As already described elsewhere
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600 — IS lower temperatures, which became more pronounced as the
—— 0.1 uM LDL + 10 uM Melittin melittin concentration was increased. The action of melittin
""" 10 kM Melitin thus causes a segregation of the originally more or less
uniformly unfolding domains of the protein into two popula-
tions with different thermal stabilities. This may be due to a
modification of the interactions between protein and lipid
resulting in an exposure of previously buried hydrophobic
moieties of apoB-100 to the aqueous environment.
Furthermore, the characteristic time course of tryptophan
fluorescence decay during oxidatioh6f was completely
abolished in the presence of melittin (not shown), indicating
that both the initial fluorescence quenching due to copper
binding (possibly by collision) and the subsequent oxidative
g destruction of tryptophan are prevented by melittin. On the
0 3(1}0 3;5 3;0 3;5 4(‘)0 :zf:'*:so other I_1and, there is still lipid peroxidation, albeit slqwer,
- and without apparent destruction of tryptophan residues.
Emission wavelength (nm) . s
. Further support for a preferential effect of melittin on apoB-
gelﬁgi gijol—é)slrc)g)rlrz:r:aavr\:aﬂsu%rg:g&%%eir?Lléngg;t mg'i'm‘é;&p' 100 is provided by the observation that the intensity and
mglar ratios of LDL and melittin. The spectra of the constituents maximum of melittin fluorescence in the Pr‘?sence of L,DL
add up to the spectrum of the mixture of LDL and melittin. are unchanged compared to those of melittin alone (Figure
7). Moreover, the emission maximum of the single tryp-
(16), in the absence of melittin, after initial rapid quenching tophan of melittin indicates that tryptophan is located in a
due to copper binding, tryptophan fluorescence decreasedpolar environment; obviously, neither the tryptophan residues
only slowly during the lag phase and then more rapidly on LDL nor the one on melittin showed a change of their
during propagation, concomitant with LDL oxidation as respective environment upon binding of melittin, suggesting
monitored by measuring the formation of conjugated dienes. that the tryptophan located at position 19 of melittin is not
In presence of melittin, however, tryptophan fluorescence deeply inserted into the hydrophobic part of the lipid
(both from the single Trp of melittin and from the 37 Trp’s monolayer but rather is located in the headgroup region of
of LDL) did not change at all owe8 h of oxidation (not the phospholipids. This is in agreement with the observation
shown), although during this time formation of conjugated that only 5-DSA spin-label shows an effect upon melittin
dienes is already observed (cf. Figure 3). binding, but not 12-DSA; the changes in the outer hyperfine
Superposition of the melittin and LDL fluorescence SPlitting constants in the EPR spectra of 5-DSA in the
emission spectra yielded the spectrum of LDL and melitiin Presence of melittin indicate a reduced mobility of the
(Figure 7), revealing that LDL-bound melittin shows no blue Phospholipids’ acyl chains in the vicinity of the headgroup.

shift of tryptophan fluorescence maximum compared to that ~ 1he Action of Melittin on the ApoB-100 Conformation
of free melittin and LDL in solution. Leads to Separation of Redox-AetiCopper andx-Toco-

pherol Melittin was able to hinder copper-mediated lipid
DISCUSSION peroxidation in LDL considerably already at rather low
concentrations. Although there was still lipid peroxidation

The Qerall Integrity of the LDL Particle Is Maintained  at a lower rate, copper-induced quenching of tryptophan
in the Presence of MelittifFrom the SAXS data, itis readily  fluorescence was completely abolished in the presence of
concluded that at temperatures below the “core-melting” melittin, and lipid peroxidation was not accompanied by
transition temperaturém ce, the influence of melittin (100  destruction of tryptophan residues, a process which, in the
mol/mol of LDL) is confined predominantly to the surface absence of melittin, parallels the extent and time course of
and leads to an increase in diameter, whereas the core regionpid peroxidation (6). This indicates prevention of copper
remain essentially unaffected. The increase in particle sizepinding near tryptophan residues, and in combination with
in the presence of melittin was more pronounced at temper-the strongly reduced oxidizability of LDL, suggests an
atures abovélmcg and a considerable broadening of the important role of tryptophan-containing &ubinding sites.
maximum inp(r) at large distances appeared, which corre-  The action of melittin on LDL is not that of a chain-
sponds to the electron density autocorrelation of phospholipid breaking antioxidant, likex-tocopherol, as it acted both
headgroups and protein (Figure 1D). This is consistent with during the lag phase and during propagation which indicates
some swelling and maybe aggregation of LDL particles. that it is not consumed like a reductant would be. Also, as
Above Tn, the changes in the interior of the LDL appear to evident from Figure 5, melittin could not prevent consump-
be more pronounced. However, the overall integrity of LDL  tion of a-tocopherol; it only retarded it. Neither is the action
is preserved in the presence of melittin. of melittin explained by a mere redox inactivation through

Effect of Melittin on the Conformation of ApoB-10the chelation of copper ions, because increasing copper concen-
most prominent change observed was the effect of melittin trations, even to very high levels, did not significantly reduce
on thermally induced unfolding of apoB-100. Already at a the lag time or increase the propagation rate. Both observa-
low concentration of melittin (5 mol/mol of LDL), the high-  tions together suggest that melittin strongly affects the
temperature transition was shifted to lower temperatures, interaction of protein-bound copper witiktocopherol, the
indicating a destabilization of apoB-100, with loss of reaction in which the primordial radicals responsible for the
conformational integrity. A second transition appeared at initiation of LDL oxidation are generate®). This blocking
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of the interaction, which most likely involves protein-related replaced by a mechanism which does not induce large
copper-binding sites, is not reversible. This is also reflected variations in the rate of initiation, like the reduction of copper
by a very slow consumption ef-tocopherol, extending over by a-tocopherol. On the other hand, this also explains why
the whole lag phase, implying that its role is limited to an increasingo-tocopherol concentrations can indeed render
antioxidant effect in the presence of melittin, such as in LDL more resistant to oxidation although a substantial
AAPH-mediated oxidation. fraction of the antioxidant present on “normal” LDL is clearly
It has been pointed out by Lynch and Fr&b)that copper involved in the reduction of CU (37) and thus a prooxidant;
is reduced preferentially bg-tocopherol, when added to  suchoa-tocopherol molecules on LDL which are not located
LDL. This suggests a very specific interaction of copper and close to copper-binding sites can only act as antioxidants,
o-tocopherol which appears to be mediated by apoB-100, and this fraction is bound to increase whenever LDL is
probably by binding sites in the vicinity of tryptophabd]. loaded with tocopherol.
However, conformational changes of apoB-100 brought A close inspection of the results obtained in this work in
about by melittin might prevent proper binding of Tuo light of the proposed mechanism of copper-mediated LDL
these sites, abolishing the specific interaction wittocoph- oxidation Q) leads to the conclusion that, wheneveto-
erol. As a consequence, there is only nonspecific coppercopherol is involved in copper-reduction, two effects are the
binding, resulting in slow LDL oxidation by a different consequence; larger amountsmefocopherol on LDL would
mechanism which does not involve protein-bound’Cu increase the rate of copper reduction, but also would be more
It is shown in this study that melittin affects also AAPH- efficient in radical scavenging. A colocalization of prooxidant
mediated LDL oxidation (Figure 7). Although the lag time transition metal ions and-tocopherol on LDL would mean
is practically unaffected, a decrease of the propagation ratethat the natural amount of-tocopherol on LDL may be just
proportional to the melittin concentration was observed, sufficient to balance the prooxidant and antioxidant properties
similar to the decrease in the rate of copper-mediated as described in re®. However, an excess of the vitamin
oxidation. A possible explanation for this effect is that the can lead to an increased radical scavenging effect, thus
mobility or packing density of LDL lipids is changed due to tipping the scales to the antioxidant.
the intercalation of melittin between apoB-100 and the lipid.
This would indicate a considerable general influence of ACKNOWLEDGMENT
apoB-100 on the oxidizability of LDL in addition to the more
specific effect on coppertocopherol interactions.
Uncoupling of a-Tocopherol and Initiation of Lipid
Peroxidation It has been shown both experimentally and
by simulation studiesg 9, 35) that copper reduction by
a-tocopherol plays a very important role in the initiation of
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