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ide toxin (LPS) with low density lipoproteins (LDL) prepared

in vitro have been analyzed. LPS-LDL complexes were found to cnmpr'we approx. 0.24 mg LPS /mg LDL protein. The

major protein of complexes was apolipoprotein apoB-100 (> 90-95%) porati
ie. the

accompanied by small changes in lipid iti

of LPS molecules into LDL was

content was diminished by approx. 11%

and the free fatty acid concentration was raised 2-fold. Analytlearl ultracentrifugation showed that insertion of LPS into

LDL results in the increase of a portion of particles with higher densi
the phosph

LDL. As was evidenced by ESR, in LPS-LDL !

iower flotation coefficient) compared to initial

id hyd: bon chains are more ordered than

in LDL. 3'P.NMR spectra indicated that in LPS-LDL complexes the mobility of phospholipid polar headgroups is

in with LDL.

ppli of the shift reagent (Pr>*) d that p
monolayer structure on the surface of complexes. Upon binding of LPS to LDL, a i

form a
9 the apoB i

P

fluorescence was slightly red-shifted (1-2 nm) which may testify that the localization of apoB remairs nearly

unchanged. For LPS-LDL complexes, the accessibility of apoB fl h to
dramatically differ from that of LDL. It is concluded that rather Iarge amounts of LPS {about 9-10 molecules) can
i and

accommodate in one LDL particle without severely p

hers (I, Cs *, acrylamide) did not

its original

in the

LPS-LDL complexes, oligosaccharide chains of LPS screen notably neither phospholipid polar headgroups nor, what is
very important, apoB. LPS-LDL complexes are suggested to be able in vivo to bind to cellular apoB /E receptors,

ible LPS and of

g

Introduction

anopolysacchande toxins (LPS) of both pathogenic
and G gative bacteria circulate in
the b]oodstn.am of mammals and humans mainly not in
a free state but are associated with serum LP of differ-
ent density [1-3]. The LPS-LP complexes form through
the mediation of some serum proteins, the amount of

LPS, lij haride toxin(s): LP, serum lipopro-
tein(s); LDL, low density LP; HDL. high density LP; KDO, 3-deoxy-
p-mannooctulosonic acid; TLC. thin-layer chromatography: FCD.
flotation coefficient distribution.

Correspondence: A.V. Victorov, Central Research Institute of Epide-
miology, Novogireevskaya st. 3a, Moscow, 111123, U.SS.R.

LPS bound to particular LP being directly pro-
portionate to cholesterol level in the particle [2). Such
complexes are highly stable and can be isolated from
plasma or obtained in vitro [2}. The association of LPS
with serum LP greatly reduces the cytotoxic effect of
LPS as has been found for, e.g., the culture of aorta

helial cells [4). H ) in, as a part of
the LPS-LF complex, maintains in vivo in the
bloodstream much longer (half-life time 7,,,=15 h)
than in a free state (7,,, =15 min), owing to which
being able to exert a prolonged action on various types
of cells [3). Besides, quite recently [5] it has been shown
for a cellular culture that only one third of ail antibod-
ies produced by B to LPS of Salmonell
typhimurium is directed against the O-antigenic oligo-
saccharide chain of molecule, while two thirds ar= gen-
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erated against antigenic determinants of core oligo-
saccharide and lipid A. If antibodies are yielded to LPS
incorporated into an LP particle, the above proportion
should be markedly changed.

Earlier it was suggested [2] that LPS of Escherichia
coli associated with human LDL might initiate (accord-
ing to the ‘response-to-injury’ hypothesis [6]) an athero-
sclerotic process, since LDL (but not HDL) can be
retained by the cells of the artery wall. Such an effect
may be notably enhanced by hyperlipidemia observed
during the infection of animals and humans either with
LPS alone [7] or with Gram-negative bacteria [8] which
is coupled with the increase in plasma in the amount of
pB-migrated very low density LP. Also, LPS is known to
be able to reduce the activity of LP lipases [7]. Biologi-
cal bases of LPS-induced hyperlipidemia and its conse-
quences are yet unclear.

The above properties of LPS-LP complexes naturally
ought to be related with their composition and struc-
ture. Though in several works the binding of LPS lo
various LP was studied, the |

of LDL prolem was employed The LPS-LDL, complex
was bya b of the aq disper-
sion of LPS with LDL in the absence of serum proteins.
To prepare the LPS-LDL complex, a lipoprotein-defi-
cient fraction (d> 1.21) of serum proteins was added
into the incubati The

were sep d from the unbound LPS by i ifu-
gation [2). The amount of LPS incorporated into the
LDL particle was evaluated by two methods: firstly, by
determination of total sugar residues content via reac-
tion of a 5% aqueous solution of phenol and con-
centrated sulfuric acid [20]; and, secondly, by measur-
ing the KDO content [20].

Neutral and phospholipids were determined by TLC
using silica gel HPTLC plates supplied by Merck
(F.R.G.) and employing the following solvent systems.
For neutral lipids: hexane/ethyl ether/acetic acid
(15:2:01, v/v) and !or phosphohplds methyl
acetate/. 1/ chl hanol/0.25% po-
tassium chloride (25:25:28: 10 7, v/v) [21]. For an

analysis was reported only for the LPS-HDL complex
isolated from rabbit plasma [1). The more scarce and
hypothetical data are available with respect 1o the struc-
ture of LPS-LP complexes. Thus, it was proposed (2]
that the LPS molecule binds to the phospholipid mono-
layer on the surface of LDL via its segment named lipid
A [9]. Unde that condition, hydrophilic oligosaccharide
chains of the core and O-antigenic segments of LPS

lecule are d to be exposed to the

phase.

In the present work, we have investigated the lipid
and protein composition of complexes formed in vitro
by LPS of S. typhimurium with human LDL in lhe
absence and presence of a fraction of serum p

li of lipid les on TLC plates, a special
devxce, Linomat 111 by Camag (Switzerland), was used.
It allows us to administer the exact volume of solution
(with an accuracy of up to 0.1 ul) on the very narrow
band (=1 mm), which leads toa s:gmfncant improve-
ment in the achievable sep P The

of ions of lipid p on
the plate was performed by quantitative densitometry
using a preliminary calibration with various standards
and finding a linear reg:on for each component [22].
For this poced a HPTLC-
Scanner (Camag, Switzerland) equipped with a record-
ing integrator SP-4100 (Spectra Physics, U.S.A.) was
used. For two series of experiments, phospholipid con-

The structure of the obtained complexes was charac-
terized by methods traditionally being used to study the
LP structure, namely: ¥P-NMR spectroscopy [10,11],
acqmsmon of the intrinsic fluorescence of LDL apo-
ipoprotein in the p of quenchers [12-15], ESR
spectroscopy with the use of spin-labeled fatty acids
and analytical ultracentrifugation [16-18].

Materials and Methods

(1 ) Preparalwn of complexes of LPS with LDL and
of their ition. Lipid dards were

supplled by Sigma Chemical Co. (U.S.A)). Lipopoly-
saccharide toxin B of S. typhimurium was purchased
from Difco Laboratories (U.S.A.). LDL were isolated
from the blood of healthy donors by ultracentrifugation
as in Ref, 2. Lipids were extracted according to method
described in Ref. 19. Complexes of LPS with LDL were
prepared as described in Ref. 2; briefly. for a maximal
incorporation of LPS into LDL particles during an
incubation (5 h, 37°C), a ratio of 5 mg of LPS per 5 mg

were additionally determined by measuring
the iipid phosphorus [23]. The results of such an analy-
sis coincided within the 5%-range with those of a
quantitative densitometry.

The protein composition of LDL and complexes of
LPS with LDL was analyzed by electrophoresis in
SDS-polyacrylamide gel slabs with subsequent laser
densitometry as described in detail elsewhere [24]. The
protein concentration was measured by the method of
Lowry et al. [25].

(2) Analytical uls ift
of p i of LDL and
velocity centrifl ion in an
Beckman Model E (U.S.A.) equipped with the UV-scan-
ning optical system and multiplexer. Densitograms were
registered with a single channel recorder (Model
110710-10005, Houston Instruments, U.S.A.) adjusted
for the accurate measurement of chart speed. The subse-
quent processing of densitograms was performed with
the digitizer Hipad (Houston Instruments, U.S.A.) con-
nected with an Aspect -1000 computer (Bruker, F.R.G.).

For a polydisp lysis, we employed the flota-

The la ') di ' o
was studied by a

1vtical ul




tion velocity method to find the differential function of
the flotation coefficient distribution g(S;) (see, for ex-
ample, Ref. 16). We ascertained that at the rotor speed
of 17000 rpm and solvent density (NaBr-solution) of
1.170 g/ml the duration of experiment for LDL should
be about 2 h. By this time, the curve of the apparent
flotation coefficient distribution (FCD) stopped chang-
ing and, hence, it could be taken as the real FCD. The
LDL concentration was 0.01% (of the apoprotein con-
tent) which corresponded to an optical absorbance of
0.15. Under the above experimental conditions, for a
calculation of FCD of LDL samples, it was not neces-
sary to introduce corrections due to the Johnston-Og-
ston effect and effects of the non-ideality and com-
pressibility of solvent and LDL particles. All experi-
ments were carried out at 20°C, 280 nm wavelength, in
the 12 mm double-sector charcoal-filled Epon
centerpiece.

{3) ESR spectroscopy. ESR spectra were run in a
quartz cuvette (50 pl) at 27°C on a Varian E-109
spectrometer (U.S.A.), fitted with the E-257 variable

Two ing spin probes were
used 5-doxylstearate (l) obtamed from Aldnch (US.A)
and 22,66 dinyl-N-

y
oxyradical (I1) synthmzed as described i m Ref 16 and
kindly gifted by Dr. A.Yu. Misharin. The incident mi-
crowave power was 20 mW (probe I) and 5 mW (probe
1I); the 100 kHz modulation amplitude was 2 G (probe
I) and 0.5 G (probe II). Throughout ali ESR experi-
ments we used the Varian E-900 data acquisition system
(USA). The mobility of probe I was characterized by
the order parameter S calculated as in Ref. 16. For
probe 11, a rotational correlation time 7 was calculated
according to Ref. 17. The protein concentration in ail
samples was 1 mg/ml. The spin probes were used as an
ethanol solution at a final ion in samples of
10™* M. The alcohol content was = 1% (previous ex-
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10 kHz. The chemical shift was measured relative to the
external standard (85% H,PO,).

(5) Acquisition of the intrinsic fluorescence of apoB.
Corrected fluorescence spectra (300-500 nm) of apoB
in intact LDL and complexes of LPS with LDL were
recorded on the Aminco SPF-500 fluorimeter (U.S.A.)
with exitation at 280 nm and a bandwidth slit of 5 nm
both for the exitation and emission. At this wavelength
of exitation, both tryptophan and tyrosine residues (pre-
senting in the apoB-100 molecule at the amount of 37
and 148, respectively [27]) can be excited. However,
owing to the reduced ity of tyrosine
compared with that of tryptophan and considering the
noticeable energy transfer form tyrosine to tryptophan
residues [13], one may prepose that the contribution to
the observed fluorescence intensity from tyrosine should
be less than that from tryptophan residues [15]. For
fl the aq (0.9% NaCl)
dispersions of LDL or complexes at minimal protein
concentrations (= 20 pg/mi) permitting to acquire the
high quality spectra were usually taken. Three types of
fluorescence quenchers (with the 12% concentration of
stock solution for each) were used. namely. 1~ and Cs*
ions, and neutral acrylamide.

Results and Discussion

Composition of complexes of LPS with LDL

As one can readily see from Table 1, only a small
amount of LPS (approx. 0.07 mg of LPS/mg of LDL
protein) spontaneously binds to LDL (the LPS-LDL,

TABLE

The content of total carbohydrates ard LPS in LDL and complexes of
LDL with LPS (mg/mg protein)

Mean values of 4-6 experiments.

periments [16) showed that a dose of up to 5% v/v of Components . LFPSLDL,  LPSLDL
alcohol does not influence on the sedimentation charac- and
teristics and ESR spectra of LDL). methods
(4) ¥ P-NMR spectroscopy. For NMR assays, prepara- L Total
*\ons of LDL and ! after the isol. by 019002  026£003 0.40+£0.03
were d in a physiological 1L LPS:
solution (0.9% NaCl) prepared in a mixture of H,0/ 1. Calculation
D,0 (2:1, v/v). *'P-NMR spectra were obtained on a :;:‘;:ﬂ;nmm
Bruker WM-250 Fourier-spectrometer (F.R.G.) at 101 of total
MHz fi in the p of broadband proton carbohydrates * - 0.08+0.05 0.25+0.05
d pling. For an bl - Measure
of}nlegral " gated 'H J. ping was usedi In :om:m - 006+002  023:0.04
this case, a sonicated aqueous dispersion of the thion 3. The average
analog of phosphatidylcholine [26] was exploited as the value of two
external standard. A protein concentration of LDL and above methods - 007+005 0242005

complexes in all samples was 3-5 mg/ml. A /4 pulse
with an interpulse delay of 3 s was employed. Time-do-
main spectra were Jated in 8 K add

(Aspect-2000 Bruker computer) using a sweep width of

The concentration of LPS was found by subtracting the value of
concentration of total carbohydrates in LDL from that in com-
plexes and taking into account that carbohydrate moiety of LPS
mulecule makes up approx. 85% of its mass [9,30].
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complex), whereas the protein stimulated transfer of
LPS to LDL results in the incorporation of about 0.24
mg cf LPS/mg of LDL protein (the LPS-LDL com-
plex). It is interesting from these weight ratios of
LPS/upolipoprotein to try to infer the molar ones. As
will be shown below, the main apolipoprotein of the
complexes obtained, as well as of intact LDL{28,29], is
apolipoprotein B-100 (apoB-100). The molecular mass
of apoB-100 equals to 513 kDa according o a recent
report [27]. However, the molecular mass of LPS of S.
typhimuriom can hardly be exactly evaluated, because
the compcsition of the O-antigenic oligosaccharide chain
of the LPS molecule for different strains varies signifi-
cantly [9). Nevertheless, taking into account that the
average number of repeating units of the O-chain equals
to approx. 8 {30}, we suppose that ti:z molecular mass of
about 13 kD might be used for an approximate esti-
mate. Then, for the LPS-LDL complex, we obtain that
about 9-10 meles of LPS bind per 1 mole of apoB-100.
Or, remembering that the LDL particle contains one
molecule of apo3-100 [28], we derive that, in case of the
LPS-LDL complex, on the average, 9-10 molecules of
LPS are associated with one LDL particle. For the
LPS-LDL, complex, such a mean value is three mole-
cules of LPS per {.DL particle. Since LPS-LDL com-
plexes, which were similar with regard to LPS content,
were obtained for LPS of E. coli both in vitro and in
vivo experiments [2}. it is reasonable to suggest that
antibodies to LPS prabably do not play any important
role in the complex formation process. Perhaps, some
p of the pl system may perform
functions of the LPS carrier, e.g., a C; component
capable of binding direc:ly to LPS [3,31].
The data of Table 1! demonstrate that the lipid
of ) btained does not dramati-
cally differ from that of tk:e initial LDL, which resem-
bles the earlier reported results [29,32). Though, it may
be noted that as the amourt of LPS incorporated in-
creases, the content of phosphatldylcholme (and total
phospholipids) in the pl diminishes. A
change in the composition of neutral lipids caused by
incorporation of LPS into LDL manifests itself mainly
by the pronounced rise in free fa:ty acid content (Table
II). The observed d in phesphatidylcholine con-
tent in complexes could, in our opii:ion, testify that LPS
molecules, being inserted in the suriace lipid monolayer
of LDL particle by their hydrocarbon chains of lipid A
(by analogy with the LPS interactio» with a lipid bi-
layer of biological membranes [33]), are able to eject
from it some phosphatidylcholine molecules. The eleva-
tion of free fatty acid level in complexes may have
physiological consequences, since recently it was found
that higher ions of these sub
the LP catabolism [34].
An analysis of protein components of {.DL, LPS-
LDL, and LPS-LDL complexes showed tkat for all

TABLE 1l

The composition of LDL, LPS-LDL, and LPS-LDL complexes

Mean values of 4-6 The LPS { d

5% (w/w) of phospholipids, the bulk of which was presented by
ine (60%) and (23%) with

minor quantities of cardiolipin (5%) and the lyso-form of these

phospholipids: < 2% (w/w) of neutral lipids among which free fatty

acids dominated; < 3-5% (w/w) of total protein admixtures.

Components. LDL LPS-LDL, LPS-LDL

1. General composition of particles (weight %)
1. Phospholipids 23.0£1.0 20+1.2 205+1.2
2. Protein 197410 20010 200+1.1
3. Total

neutral lipids: 535456 53055 51.0+£5.3
4. Carbohydrates 38104 52105 83407

11 Phospholipid composition (weight %)
1. Lysophosphatidyl-

choline 09+03 1.6+0.5 1.5+04
2. Sphingomyelin 219416  243%19 259417
3. Phosphatidyl-

choline 68.2+2.5 63.9+3.3 60.9+2.3
4. Phosphatidyl-

serine 08+04 1.0+04 12404
5. Phosphatidyi-

inositol 26404 13405 27404
6. Phosphatidyl-

ethanolamine 54+04 6.0+0.6 64106

111, Composition of neutral lipids (weight %)
1. Free

cholesterol 17.0+1.8 168122 190420
2. Free fatty

acids 3.0+08 54+16 62421
3. Triacyl-

glycerol 160+£27 167429 17.0£2.6
4. Esterified

cholesterol 572453 530456 51.3%+5.2

three preparations the protein composition is approxi-
mately (within the experimental error) identical, namely,
apoB 100 makes up more than 90-95% of all proteins

not p! d). In some experi-
ments, 1he presence of other minor components was
observed: the apoB-100 fragments of high molecular
mass (3—5%); apoE and apoC (= 3% altogether); al-
bumin (=3%). It is noteworthy that serum proteins
taking part in the LPS binding to LDL do not possnbly

with I at the d

Structure nf complexes of LPS with LDL
(1) A ion. Fig. 1 d

that the flolauon coefficient distributions for initial
LDL and the LPS/LDL, complex are practically undis-
tinguishable. On the contrary, the distribution curve for
the LPS-LDL complex clearly shows that, in this case,
the portion of particles with higher flotation coefficients
diminishes and the portion of particles with higher
density (lower flotation coefficient, S;) increases. These
findings correlate well with results of chemical composi-
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Fig. 1. Profiles of the flotation coefficient distribution g(S;) for:

Xenmnen O, LPS-LDL, complex: - N

LPS-LDL complex. On the abscissa axis the S} values are pre-
sented (Svedberg unts). For details see text.

tion (Table II), i.e., the LPS-LDL complex, in compari-
son with LDL and with the LPS-LDL, complex, con-
tains a larger portion of carbohydrates and a smaller
portion of lipids.

(2) ESR spectroscopy. The packing of hydrocarbon
chains of phospholipid molecules in the surface
monolayer of LDL and complexes was analyzed with
the aid of 5-doxyl as a hydrophobic probe by

] the order S, from ESR spectra
(Fig. 2A) as described in detail in Ref. 18. Data of
Table 111 evidence that the most ordered ar
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Fig. 2. ESR spectra of LDL (
(=--): A, probe [; B, probe H. For experimental details see text.

) and the LPS-LDL complex

groups. The tougher the arrangement of phospholipid
headgroups is, the more restricted motion ol' probe ll
would be observed (; ing it is rand ib

of phosphollpxd fatty acide chains in the proximity of

f) of 5-doxyl is observed for
lhe LPS-LDL complex (note especially the difference in
AH_,, values). The LPS-LDL, complex and LDL are
characterized by nearly equal and significantly lower
order parameters. Some authors {for a review, see Ref.
9) have reported that insertion of LPS into biolog'c~] or
model phospholipid bilayers results in the tougher pack-
ing of phospholipid acyl chains and 10-fold decrease in
the rate of lateral diffusion of molecules in the mem-
brane. A somewhat more ordered organization of the
hydrophobic interior of the surface monolayer in the
LPS-LDL complex (containing the highest amount of
toxin) might ensure from such a *structurizing’ action of
LPS. The dynamic properties of phospholipids were
assessed with a probe 11, the paramagnetic fragment of
which is localized in the monolayer at the level of
phosphate groups of phospholipid molecules. Hence,
one may think that the behavior of pa.ramagnellc prohe
11 should reflect the infl of

in the phospholipid monolayer). The ESR spectrum of
probe 11, in contrast to that of a probe 1 (Fig. 2B),
reveals nearly isotropic characteristics what points out
to the only slightly hindered mobility of paramagnetic
group. In case of probe II, the rotational correlation
time (7) values were calculated (Table IIi). For the
LPS-LDL complex. the significantly longer 7 value

TABLE It}

Parameters derived from ESR spectra (Fig. 2) characterizing the behav-
ior of puramagnetic probes in LDL and complexes of LPS with LDL

Mean values of 3-4 experiments.

Sample Probe 1 Probe 11
AH g, order rotational
(G) parameter, S correlation
time 7 (ns)
1.LDL 58.0+0.2 0.693 4 0.008 4.80+0.21
2. LPS-LDL, 580102 0.695 +0.009 457025
3.LPS-LDL 59.5+05 0.716:£0.010 5.34+0.26
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L s L
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Fig. 3. ¥P-NMR spectra of imact LDL (A), LDL+Pr“ (B); LPS-
LDL, complex (C); LPS-LDL, complex +Pr** (D); LPS-LDL com-
plex (E); LPS-LDL complex + Pr* (F).

compared with that for LDL and the LPS-LDL, com-
plex (which are practically the same) was found. This
fact points out to the more hindered mobility of para-
magnetic fragmem whlch might be the consequence of
some additi : d by pholipid
groups in the p of LPS, S up the
ESR findings, we can conclude that incorporation of
LPS into LDL in large enough quantities leads to a
hat though ecul ization of nonpol
regions of the surface lipid layer and

q

standard has shown that approx. 80% of all phospho-
lipid molecules contribute to the narrow signals. Close
results were procured earlier both with '"H-NMR [35]
and with 3'P-NMR spectroscopies {10,11] when it was
found that the portion of strongly immobilized polar
headgroups (signals from which are broadened towards
the baseline) of phospholipids in LDL makes up
21-28%. The total halfwidth (linewidth at half-height),
Av, 5, of the signals from phosphatidyicholine and
sphingomyelin in the spectrum of intact LDL equals to
approx. 99+ 2 Hz (Fig. 3A). The addition into the
aqueous medium of a hydrophilic shift reagent (6 mM
Pr**) causes the downfield movement of all **P-NMR
sngna.l (up to 10 ppm) what pomts out to the monolayer

of p holi lecules on the surface
of LDL (see Flg 3B, and Ref. 11).

In the ¥P-NMR spectrum of LPS-LDL, complex
(comprising only a small amount of toxin), in the ab-
sence of Pr>* ions (Fig. 3C), one can remark that total
halfwidth of phospholipid signals (‘phosphatidyl-

choline + sphi lin') slightly i Av,,, =104
+2 Hz, and of the phosphatidylcholine and
the sphii signals t more difficult

(signals arising from LPS phosphorus nuclei are not
observed due to the relatively low phosphorus content
[9,30]) The intensity of the total phospholipid signal
measured in relation to the external standard corre-
sponds to 75-80% of all phospholipids present. After
Pr®* ions have been administered, only one broad sig-
nal shifted downfield, as for LDL, is observed (Fig.
3D). This fact evuiences that in the LPS-| LDLO complex

the overwhel jority of phospholipid
groups remain accessible to paramagnetic cations. The
itude of Pr*-induced shift of phospt mag-

netic resonance [36,37), 48 = 8p, — §,, in this case, is 11

ppm which differs insignificantly from that of control.
For the LPS-LDL complex containing the highest

concentration of LPS, in the 'P-NMR spectra there are

much more p d ch Thus, in the ab:

of shlft reagenl (Fig. 3E), the halfwidth of the total

mobility of molecular segments near the water/lipid
interface.

(3) P-NMR spectroscopy. The additional lmportam
information about the structure formed by phospho-

holipid signal i up to 111+ 3 Hz and
dlslmc( signals from phosphatidylcholine and sphi

myelin can hardly be resolved A calculation shows that,
in thls case, no more than 60-70% of all phospholipid

lipid molecules on the surface of complexes can be
drawn out of *P-NMR spectra. The aqueous disper-
sions of LDL produce the *'P-NMR spectra of fairly
high resolution (see Fig. 3A, and also Refs. 10 and 11).
Two semi-resolved narrow signals from two dominant
phospholipids in LDL are usually observed: the upfield
one is due to _‘ 7 lecules, and the
downfield one is attributable to sphingomyelin mole-
cules; the intensities of the signals being proportional to
their concentrations in LDL. Comparison of the inten-
sity of the total phospholipid signal with the external

I the ively narrow signals. Hence,
the presence of LPS somewhat i mcreases the sharc of
highly i bile polar moieties of phospholipid mole-

cules. The application of Pr* ions mducee. a lowfield
shift of the entire phospholipid signal (Fig. 3F), i.e.,
again the bulk of phospholipid headgroups is not
screened from a hydrophilic probe. For the LPS-LDL
complex, the magnitude of the induced shift is maximal
(approx. 13-15 ppm) which is probably due to the
presence of several negatively charged groups in the
LPS molecule. The augmentation of halfwidth of phos-
pholipid signals observed upon binding of LPS to LDL
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Quenching of the intrinsic fluorescence of apoB in LDL and complexes of LPS with LDL

Mean values of 4-6 experiments.

Sample Without quencher Maximum percentage of quenching ®
Py Relative intensity K1 €sCl Acrylamide
(am) of fluorescence
1.LDL 326404 1.00 55+4 43 5846
2.LPS-LDL, 328405 0.92:+0.06 63+5 52+4 7547
3. LPS-LDL 327105 1.07£0.08 50+4 55+4 676

* After addition of quenchers A, was slightly blue-shifted (0.5-1.0 nm) and peak halfwidih was increased by 2-4 nm.

® Values were calculated from plots of Fig. 4.

may be the of both the di d mobility
of the phospholipid head groups on the surface of the
particle, and the lowered rate of tumbling of the par-
ticle, as a whole (owing to lengthy oligosaccharide chains
of the inserted LPS molecules).

Itis ble to propose that i of LPS
in the LDL particle, increasing the density of lipid
packing in the surface monolayer, can cause the expul-
sion to the outer medium of phosphatidylcholine mole-
cules which have the most spacious head groups of all

prosp 0! Y, P
molecules, being ‘akin’ to LPS {9}, can ease the accom-
modation of toxin in a lipid monolayer. On the surface
of the LDL particle, between the LPS acyl chains there
might be likely rather roomy cavities which can be
d ly filled by chol 1 molecules. This can
account for the fact that LPS preferably binds to those
LP where cholesterol content is higher [2].

(4) Fluorescence spectroscopy. The possible alteraiions
in the dation of apolipoprotein on the surface
of LDL after the LPS incorporation were approximately
estimated by acquisition of the intrinsic fluorescence of
apoB-100. As it can be seen from data of Table IV, the
binding of LPS to * : LDL particle induces a small
red-shift of the maximum of the apoB fluorescence
compared with intact LDL, for the LPS-LDL,, complex
this shift being slightly larger (2 nm) than for the
LPS-LDL complex (1 nm). These differences, though
very small ones, might give a hint of the probability that
the incorporation of LPS is accompanied by minor
changes (if any) in the localization of apoB molecule
under which its certain fragments, on the average, be-
come exposed to a sol hat more philic environ-
ment than in LDL.

More detailed intformation on whether such putative
rearrangements of apoB did occur upon binding of LPS

Acrylamide

'IO 15 20
1/[0] o

ol

10fo] w

Fig. 4. Stern-Volmer plots (modified equation) for intact LDL (1); LPS-LDL, complex (2); LPS-LDL complex (3).
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to LDL could be obtained with the help of fl

quenchers of different charge and size. Earlier it was
ascertained [12,14,15] that the accessibility of apoB
fluorophores to quenchers and, hence, the localization
of apoB in LDL can be characterized using a modified
Stern-Volmer equation:

F/(F= F)=1/(Q1f,K)+1/fu

where F, is the mxual fluorescence intensity; F is the

fl in the p of her; [Q]
is the quench f, is the ffective’ fmc-
tional fl ible to the her;

K, is the ‘effective’ quenching constant.

Extrapolating experimental plots of F/AF vs. 1/{Q]
(Fig. 4) under the condition of 1/{Q] — 0, it is possible
to derive the f, value as 1/intercept (Table IV). As one
can readily see, these dependences, taken as a whole, are
substantially non-lmear in all cases which probably
points out to the si h ity of
rates for di tryptophan (and i idues of
apoB in LDL and pl A similar li ity of
the Stern-Volmer dependence for LDL with the use of
I” ions was noted earlier [15]. Though this circumstance

ble to propose that the lengthy oligosaccharide chains of
LPS do not notably screen the surface of apoB and,
hence, its receptor sites.

Summing up all the results presented here, one can
make the following general remarks. The incorporation
of LPS molecules into the LDL particle affects dramati-
cally neither its composition nor its structure. As for
natural LDL, the hydrophobic core of ! is still
encircled by the surface monolayer formed by phospho-
lipid molecules; apoB-100 is p ly the sole protein
present. Acyl chains of the bound LPS molecules do
penetrate in a lipid surface layer, because an ordering
effect has been revealed for both polar and nonpolar

of molecul itioned there. Ol haride
chains of LPS du’ecled to the aqueous phase are ori-
ented in such a manner that they shield detectably
neither phospholipid polar head nor, what is
utterly important, surface segments of apoB. This en-
ables us to suggest that in vivo the LPS-LDL complex
may specificially interact with the cellular apoB/E re-
ceptors which in vitro has been already demonstrated
for monocytes [2]. On the other hand, the loose O-anti-
genic oligosaccharide chains of the incorporated LPS
can provide for complexes an opportunity to bird to the

does not allow to determine total K the
values of f, can be obtained from dependencies of Fig.
4. For LDL, data of Table IV show that about 50-60%
of the intrinsic fluorescence of apoB can be quenched
which testifies that a substantial part of the apoB mole-
cules is located near the water/lipid interface. Earlier
some authors have reported [15] that no more than 20%
of the apoB fluorescence in LDL, is observed upon
addition of I~ ions, while others have concluded [12]
that I” ions quench only 40% of that. We suppose that
this discrepancy can be at least partly explained by the
different lipid composition of the LDL studied.

For the LPS-LDL complexes, approximately the same
portion (as for LDL) of the apoB fluorescence disap-
peared in the presence of quenchers (Table IV), i.e., the
accessibility of the apoB fi pt to each

possible cellular of LPS [5,39,40]. Besides, it is
now well known (e.g., see Ref. 2 and references therein)
that modification of the LP surface by some agents
leads to the perturbation of LP catabolism slnfung it to
the binding to of
(monocytes) as a result of whnch the latters aocnmula(e
the sub of chol yl esters. This can
initiate the formation of foam cells and the develop-
ment of atherosclerotic lesions [41). The incorporation
of LPS into LDL was shown to influence the activity of
of Y [2). It appears rea-
sonable to propose that the association of LPS (and
some other toxins [42] and vmlscs [43]) with plasma LP
p ing their subseq ion with
receptors of macrophages may be one of the main ways

on the average, d i t d
Moreover, the effectiveness of quenchers did not 51gmfl-
cantly depend on thelr charge and size. From these
findi two pri 1 1 could be drawn.
Firstly, the *'nbaddedness of the apoB molecule, as a
whole, into the surface lipid monolayer is not markediy
altered upon binding of LPS to LDL. However, the
occurrence of minor changes in the locations/orienta-
tions of some of the numerous fluorescing residues of
apoB can not be, certainly, ruled out. Or, in other
words, basing on such an approach, it is practically
impossible to detect subtle changes in the environment
of receptor sites in apoB (see Ref. 38, and references
therein). Secondly, keeping in mind that the presence of
LPS does not reduce the access of quenchers (particu-
larly of acrylamide) to apoB fl ph it is

to lize and remove toxic agents from the organism.
Finally, the fact that it is lipid A (through which loxm
binds to LDL) that the most ‘path
fragment of LPS molecule [9] could account poss:bly for
the reported lowered cytotoxicity of LPS forming a
stable complex with LDL [4]. It is only logically to
suggest that the inactivation of other toxins via associa-
tion with plasma LP results from neutralizing of par-
ticular fi of their which are

ble for the incorporation of toxin in the lipid bilayer of
the cell membrane.
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