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ABSTRACT: Human plasma high-density lipoproteins (HDL), the primary vehicle for reverse cholesterol
transport, are the target of serum opacity factor (SOF), a virulence determinant of Streptococcus pyogenes
that turns serum opaque. HDL comprise a core of neutral lipids—cholesteryl esters and some
triglyceride—surrounded by a surface monolayer of cholesterol, phospholipids, and specialized proteins
[apolipoproteins (apos) A-I and A-II]. A HDL is an unstable particle residing in a kinetic trap from which
it can escape via chaotropic, detergent, or thermal perturbation. Recombinant (r) SOF catalyzes the transfer
of nearly all neutral lipids of ~100,000 HDL particles (D ~ 8.5 nm) into a single, large cholesteryl
ester-rich microemulsion (CERM; D > 100 nm), leaving a new HDL-like particle [neo HDL (D ~ 5.8
nm)] while releasing lipid-free (LF) apo A-I. CERM formation and apo A-I release have similar kinetics,
suggesting parallel or rapid consecutive steps. By using complementary physicochemical methods, we
have refined the mechanistic model for HDL opacification. According to size exclusion chromatography,
a HDL containing nonlabile apo A-I resists rSOF-mediated opacification. On the basis of kinetic cryo-
electron microscopy, rSOF (10 nM) catalyzes the conversion of HDL (4 uM) to neo HDL via a stepwise
mechanism in which intermediate-sized particles are seen. Kinetic turbidimetry revealed opacification as
a rising exponential reaction with a rate constant k of (4.400 £ 0.004) x 1072 min~!. Analysis of the
kinetic data using transition state theory gave an enthalpy (AHY), entropy (AS¥), and free energy (AG¥)
of activation of 73.9 kJ/mol, —66.87 J/K, and 94.6 kJ/mol, respectively. The free energy of activation for
opacification is nearly identical to that for the displacement of apo A-I from HDL by guanidine
hydrochloride. We conclude that apo A-I lability is required for HDL opacification, LF apo A-I desorption
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is the rate-limiting step, and nearly all HDL particles contain at least one labile copy of apo A-L

Cardiovascular disease (CVD) is a major source of
mortality and morbidity, and identification of therapies that
address its underlying causes is an important public health
priority. Dysregulated lipid metabolism that leads to elevated
levels of plasma low-density lipoprotein (LDL)-cholesterol
(C) and to low plasma levels of high density lipoprotein
(HDL)'-C is a risk factor for CVD (/—3). With wider use
of the statins, which lower the plasma LDL-C level, a low
HDL-C level has emerged as the most important lipoprotein
disorder for which current therapies are inadequate. HDL is
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the primary plasma vehicle for reverse cholesterol transport
(RCT), the transfer of cholesterol from peripheral tissue,
including the arterial wall, to the liver for recycling or
disposal. HDL comprise a core of neutral lipids—cholesteryl
esters (CE) and small amounts of triglyceride (TG)—sur-
ounded by a surface monomolecular layer of free cholesterol
(FC), phospholipids (PL), and specialized surface binding
proteins [apolipoproteins (apos), mainly apo A-I and A-II]
(3). The HDL is an unstable particle residing in a kinetic
trap from which it can escape via chaotropic (4), detergent
(5), or thermal perturbation (4, 6). Release of lipid-free (LF)
apo A-I is a hallmark of its instability (4—7) and is important
in two physiological contexts. First, the initiating step in
RCT, cellular cholesterol efflux, occurs through the interac-
tion of LF apo A-I with an ATP-binding cassette (ABC) Al
transporter (8). Second, the terminal RCT step, selective
removal of HDL-CE via the hepatic scavenger receptor class
B, type I (SR-BI), excludes apo A-1 (9, 10) via a delipidation
step for which the mechanism is unknown.

Serum opacity factor (SOF), a protein produced by
Streptococcus pyogenes, is a fusogen that causes serum to
cloud (/7). The opacification reaction is novel if not
unprecedented; studies with a recombinant (r) SOF that
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FIGURE 1: Opacification reaction. (A) Schematic representation of
the opacification reaction. rSOF (10 nM) catalyzes the conversion
of human HDL (~20 uM) to a CERM that contains the CE of
~100000 HDL particles, a new apo A-II-rich particle called neo
HDL, and LF apo A-I. Apo E is the major protein associated with
the CERM. Apo A-I and A-II are shown as black and gray helices,
respectively. (B—D) Representative cryo EM images obtained after
incubation of human HDL (1.5 mg/mL) with rSOF (1 pug/mL) for
45 min. The scales are indicated in each panel; the CERM diameters
in panels B—D are ~500, ~325, and ~100 nm, respectively. The
arrows point to new particles on the CERM, presumably HDL being
processed to neo HDL.

contains the essential opacification sequence have shown that
the plasma reaction is specific to HDL and is associated with
disruption of HDL structure and liberation of apos (/2).
Opacification occurs by a mechanism in which rSOF is a
heterodivalent fusogen that catalyzes the disproportionation
of HDL into a large CE-rich microemulsion (CERM) and
neo HDL, an apo A-II- and PL-rich HDL-like particle, with
the concomitant release of LF apo A-I (/3). This reaction
transfers the CE of >100000 HDL particles to a single
CERM that contains mostly apo E (/3). rSOF is potent and
catalytic; at 37 °C, ~10 nM rSOF totally opacifies 8 uM
HDL, an 800-fold excess, in ~1 h. rSOF opacifies HDL
without breaking covalent bonds; it is not an enzyme but
rather opacifies via a physical destabilization of HDL (72, 13).
A schematic for the net opacification reaction is shown in
Figure 1A.

The rates for rSOF-mediated production of CERM and
LF apo A-I are similar, suggesting either concerted (parallel)
or rapidly successive steps (/3). If concerted, the rate-limiting
step might involve simultaneous apo A-I desorption and CE
fusion. On the other hand, the reaction could occur in a
stepwise mechanism in which one step, formation of CERM
or LF apo A-1, is rate-limiting. We have used kinetic cryo
EM and turbidimetry and transition state theory to refine the
mechanism for HDL opacification and to identify its rate-
limiting step, desorption of LF apo A-L.

MATERIALS AND METHODS

Materials. The HDL was isolated according to its density
by sequential flotation of human plasma obtained from The
Methodist Hospital Blood Donor Center (/3). HDL were
further purified by SEC, and for some tests, HDL were
subfractionated according to size by SEC using two Superose
HR 6 columns (GE Healthcare, Piscataway, NJ) in tandem
(13); fractions from multiple injections (0.5 mL) were pooled
as needed for kinetic analysis. “Ultrastable” HDL (7) was
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prepared by saturating HDL with guanidinium chloride
(Gdm-Cl), warming the sample to 40 °C for 1 h, and stirring
it at room temperature for 24 h. After exhaustive dialysis
against TBS, the density was adjusted to 1.21 g/mL by the
addition of KBr and the sample centrifuged at 40000 rpm
(Beckman Ti 50.2 rotor) for 24 h. The apo A-II-rich HDL,
i.e., ultrastable HDL, was collected from the top of the tube
by pipet. Cholesterol-free rHDL comprising apo A-I and
1-palmitoyl-2-oleoylphosphatidylcholine was prepared by
cholate dialysis (/4). A recombinant polyhistidine-tagged,
truncated form of sof2, rSOF, encoding amino acids 38—843
was cloned and expressed in Escherichia coli (rfSOF) and
purified by metal affinity chromatography as described
previously (/7).

Kinetic Cryo EM. Opacification was initiated by combining
rSOF and HDL, 1 ug/mL (~10 nM) and 0.5 mg/mL (~4
uM), respectively, at 37 °C. Aliquots were removed at 0
(no rSOF), 16, 45, and 94 min for vitrification, a rapid
freezing process that fixes particles in their native solution
conformation without a chemical fixative. Vitrification was
performed in liquid ethane using standard procedures on a
Vitrobot (FEI, Inc.) vitrification robot. Frozen specimens
were stored in liquid nitrogen until they were imaged on a
JEOL 2010F electron microscope equipped with a field
emission gun and JEOL semiautomated automation software
(FasTEM). The microscope was operated at a specimen
temperature of 97 K with an acceleration voltage of 200 kV.
Images were recorded at a magnification of 40000x with a
GATAN 4K x 4K CCD camera (Gatan, Pleasanton, CA) at
a total dose of 18 electrons/A2.

Images of individual HDL particles were selected at O,
16, 45, and 94 min (~5000, 33000, 8000, and 35000
particles, respectively). The particle images were classified
and averaged using an iterative alignment procedure in
EMAN (/5), which produces a set of characteristic views
from a heterogeneous particle population. The shortest and
longest linear dimensions of each HDL class average were
measured and weighted by the number of particles contribut-
ing to that class. Averages were then integrated and
interpolated, yielding size distributions at each time point.
Particle classification and averaging were performed using
the refine2d.py program from EMAN (/6). This program
performs iterative multivariate statistical analysis-based clas-
sification of two-dimensional particle images, producing a
set of class averages representative of the variation in the
overall particle population.

Kinetic Turbidimetry. The rates of rSOF-mediated opaci-
fication of HDL were measured as a function of temperature
by kinetic turbidimetry which monitors light scattering
produced by the appearance of the very large (>100 nm)
CERM. It is likely that the measured signal is not propor-
tional to the extent of the reaction since it is dominated by
large particles. However, the exponential fits were very close
to the experimental data at all four temperatures that were
studied. Moreover, any overweighting by large particles
would expect to be similar at all temperatures.

After thermal preequilibration of HDL (0.8 mg/mL) at each
temperature, rfSOF (1 ug/mL) was added, and the increase
in right angle scattering light intensity at 325 nm was
measured as a function of time on a Jobin Yvon Fluorolog.
The intensity versus time data were fitted to the growing
exponential function I, = Iy + a(1 — e ), where I, is the
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FIGURE 2: Representative images of individual HDL particles as they are converted to neo HDL particles. Images of HDL after mixing with
SOF (37 °C). Samples were quick-frozen at various times after mixing and viewed on a JEOL 2010F electron cryo microscope. The times

are 0, 16, 45, and 94 min as labeled.

initial scattering intensity, /; is the intensity as a function of
time (), a is a preexponential instrumental factor, and & is
the rate constant. Using transition state theory, the respective
enthalpy (AH*) and entropy (AS¥) of formation of the
activated state were determined as AH* = E, — RT and AS*
= 2.303R log NhX/RT, respectively, where R is the gas
constant, 7 is the absolute temperature, k is the reaction rate
constant, N is Avogadro’s number, % is Planck’s constant,
and X = k/(exp —AH*/RT). The free energy of activation
(AG*) was calculated as H¥ — TAS*.

RESULTS

Opacification Reaction. According to our previous work
(13), summarized in Figure 1A, rSOF catalyzes the conver-
sion of HDL to CERM, neo HDL, and LF apo A-I. To obtain
a “snapshot” of this reaction, we incubated rSOF and HDL
and “viewed” the reaction before its completion (45 min)
by cryo EM (Figure 1B—D). Our assignment, according to
the reaction chemistry (13), is that the large circles are CERM
and that some of these are surrounded by clusters of small
quasi-spherical particles (arrows) in Figure 1B, 1C with a D
of ~13.5—27 nm, greater than the dimensions of HDL or
neo HDL. Other views showed the putative CERM with
striations (arrows in Figure 1D) reminisent of those seen in
human low-density lipoproteins, another CE-rich particle
(17); LF apo A-I was not visible in these images. These data
suggested that the kinetics of this reaction could be deter-
mined by following the rate of appearance of neo HDL by
cryo EM and the production of the large CERM by kinetic
turbidimetry.

Kinetic Cryo EM. rSOF catalyzes disproportionation of
HDL into small lipid—protein particles (neo HDL) and large
lipid—protein particles (CERM), with the concomitant release
of LF apo A-I. Given the dramatic rSOF-mediated changes
in particle size, cryo-electron microscopy was selected for

following the rate of neo HDL formation. While quenching
the opacification reaction, cryofixation also allows a “freeze-
frame” view of the structures of the reactants, intermediates,
and products.

Representative views of HDL as observed by cryo-electron
microscopy before and at various times following addition
of rSOF reveal that the HDL particle size decreases during
opacification (Figure 2). Many images of individual HDL
particles were selected at each time point, classified, and
averaged. The integrated averages were interpolated, giving
the size distributions at each time point (Figure 3A—D); the
corresponding frequency distributions and cumulative fre-
quency distributions are shown in Figure 3E—H. Inflection
points (/; and 1) in the latter identify the size ranges in which
the most particles are clustered. Control HDL comprise
particles with a D of 8.54 £ 0.76 nm (Figure 3A,E); the
cumulative frequency distribution contains a single inflection
point very close to the mean particle size. In contrast, 16
min after rSOF and HDL were mixed, we observed a broad
range of particle sizes with the mean size lying between two
inflection points, /; and I, in the cumulative frequency
distribution (Figure 3F); the frequency range of /; is broader
than that of /,, indicating that many particles in the size range
of HDL have disappeared but not all have been converted
to the much smaller neo HDL (Figure 3B,F). At 45 min, we
found a mean particle size, which is smaller than that found
at 16 min and between two inflection points with similar
cumulative frequency ranges (Figure 3C,G). At 94 min, most
of the large HDL seen at time zero have been replaced by
particles with a D of 5.76 £ 1.12 nm (Figure 3D,H).
According to the height of I, (Figure 3G), the majority of
sizes of the particles have begun to cluster at ~5.3 nm, the
size of neo HDL. These sizes correspond to an rSOF-
mediated mean reduction in particle volume from 326 to 100
nm? [—67% (Figure 3D,H)]. Analysis of the rate data showed
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FIGURE 3: Cryo EM analysis of the rSOF—-HDL reaction. (Left)
Images of individual particles (~5000, 33000, 8000, and 35000
particles, respectively) were selected at 0, 16, 45, and 94 min,
classified, and iteratively averaged using EMAN. (E and F) Size
distribution as a function of time (0, 16, 45, and 94 min,
respectively). Linear dimensions of each class average were
measured and weighted by the number of particles contributing to
that average. Each point is a class average. The cumulative freqency
distributions are also shown (E—H) with the inflection points labeled
as I and I. At O min, most particles are ~8.54 nm in diameter; at
94 min, the majority are ~5.9 nm in diameter. The vertical and
horizontal lines in each panel indicate the average sizes and standard
deviations at each time point.

that rSOF-mediated conversion of HDL to neo HDL is a
first-order reaction with a rate constant of (4.2 + 1.5) x 1072
min~! (Figure 4A; r* > 0.91). On the basis of these kinetics,
the reaction is >98% complete at 94 min (Figure 3D,H).
Kinetic Turbidimetry. Opacification of plasma is a hallmark
of the reaction catalyzed by SOF. Thus, light scattering by
the CERM particles, which are very large (>100 nm),
provided another way (kinetic turbidimetry) to follow reac-
tion kinetics in real time. According to kinetic turbidimetry
(Figure 4B), the rate of CERM formation at 37 °C (k) equals
(4.4 &£ 0.004) x 1072 min~!, a value that compares well
with the rate observed by kinetic cryo EM. The rate constant
for opacification of HDL was temperature-dependent and
increased from 2.7 to 7.3 x 1072 min~! between 27 and 42
°C (Figure 4 B). The activation energy for CERM formation
determined from its temperature dependence according to
Arrhenius was 76.5 kJ/mol (Figure 4B,C). On the basis of
the rate constant at 37 °C and the activation energy, the
thermodynamics of the transition state for CERM formation
was calculated using transition state theory, which gave a
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FIGURE 4: Opacification kinetics. (A) Kinetic analysis of cryo EM
data from Figure 3. The kinetics was calculated according to the rate
of disappearance of particles in the HDL size range (to the right of
the vertical bar in Figure 3). A two-parameter exponential fit gave a
rate constant (k) of (42 + 1.5) x 1072 min~! (* > 0.96). (B)
Turbidimetric kinetics of HDL opacification at various temperatures
showing the data (gray) and the fitted curve (black). (C) Arrhenius
plot of opacification, where E, = 76.5 kJ/mol. 7> > 0.99.

Table 1: Transition State Parameters for HDL Opacification by rSOF
AH* —TAS* AG*

k (min~") E, (k) (kJ/mol) J/K) (kJ/mol)
CP* 0.0032 110 107.5 11.6 95.9
rSOF” 0.044 76.5 73.9 20.7 94.6

4 From ref 7. » From the data of Figure 4B,C.

AH* of 73.9 kJ/mol, a AS* of —66.87 J/K, and a AG* of
94.6 kJ/mol. Thus, most (~80%) of the free energy of
activation for opacification is enthalpically derived, with the
entropic component contributing the remaining ~20% (Table
1).

Ultrastable HDL Resists Opacification. Chaotropic per-
turbation of HDL with Gdm-Cl releases a labile apo A-I
fraction leaving an ultrastable apo A-II-rich particle (4) from
which additional apo A-I cannot be displaced by 6 M Gdm-
Cl (7). We incubated saturating concentrations of Gdm-Cl
(~7 M) with HDL at 40 and 25 °C for 1 and 24 h,
respectively, and isolated two major fractions: ultrastable
HDL and LF apo A-I (Figure 5A). The ultrastable HDL was
isolated by flotation (Figure 5B), and the effects of rSOF on
HDL and ultrastable HDL were compared by SEC. As
previously observed, rSOF converts HDL into three fractions:
CERM, neo HDL, and LF apo A-I (Figure 5C). In contrast,
rSOF had no effect of the SEC profile of ultrastable HDL
(Figure 5D). Thus, the ultrastable HDL is highly resistant
to opacification and does not release LF apo A-I in response
to rSOF treatment.

Given that the CE of HDL is one of the major components
of the CERM, we used SEC to test the effects of rSOF on
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FIGURE 5: Effect of rSOF on ultrastable HDL and rHDL. (A) SEC
profile of HDL before (filled curve) and after treatment (unfilled
curve) with 6 M Gdm-Cl. (B) SEC profile of the d < 1.21 g/mL
(filled curve) and d > 1.21 g/mL (unfilled curve) fractions of HDL
after treatment with 6 M Gdm-Cl; the horizontal bar indicates the
ultrastable HDL pool. (C) SEC profille of HDL (0.65 mg/mL)
before (filled curve) and after (unfilled curve) treatment with rSOF
(1 ug/mL for 3 h). (D) SEC profille of ultrastable HDL (0.65 mg/
mL) before (filled curve) and after (unfilled curve) treatment with
rSOF (1 ug/mL). (E) SEC profiles of rHDL (0.5 mg/mL) before
(filled curve) and after (unfilled curve) incubation with rSOF (1
ug/mL). The dashed curve shows the difference between curves.

rHDL comprising apo A-I and POPC but no CE (Figure 5E).
The effects of rSOF on rHDL are similar to those seen with
HDL but much less profound. SEC of the products of rSOF
and rHDL shows a small peak in the void volume and a
small shift in the peak for HDL. This effect is more readily
seen in the calculated difference between the SEC curves
for HDL before and after incubation with rSOF, which show
that rSOF slightly reduces the size of rHDL. In addition,
there is a shoulder on the main peak (Figure SE, arrow) with
an elution volume corresponding to that of LF apo A-I.

Effect of HDL Size on Opacification Kinetics. The rates
of opacification of HDL subfractions isolated by SEC were
compared by kinetic turbidimetry (Figure 6). These data
revealed a linear relationship (Figure 6, inset) between HDL
particle size and opacification rate with opacification of the
largest subfraction being faster (+45%) than that of the
smallest one.

DISCUSSION

Kinetic Cryo EM. A cryo EM view of the opacification
reaction shows each CERM is associated with particles that
are larger than HDL (Figure 1B—D), suggesting that there
are opacification intermediates that involve some HDL fusion
followed by complete delipidation. On the other hand, these
could be small CERM intermediates that were seen by SEC
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FIGURE 6: Kinetics of opacification of HDL subfractions. HDL was
subfractionated by SEC and the kinetics of opacfication determined
at 37 °C by measuring the increase in turbidity as a function of
time. The HDL particle volumes are indicated adjacent to each
curve. The particle volumes were calculated from the elution
volumes of each HDL subfraction from a calibrated SEC column.
The inset shows the linear relationship between the size and rate
of opacification (> > 0.97).

(13). On the basis of SEC data, we previously proposed a
model of SOF as a heterodivalent protein that binds and
delipidates HDL particles in one concerted step that transfers
the HDL-CE to a growing CERM. However, SEC does not
have the size-discriminating power of cryo EM, which in
this study provides snapshots of the SOF reaction at various
reaction time points. Our data show a relatively narrow
distribution of HDL and neo HDL sizes at 0 and 94 min
with few particles of intermediate size. In contrast, at 16
and 45 min, many of the particles have disappeared from
the HDL size range but have not reached the size of mature
neo HDL particles; these particles, which extend across broad
inflection point 1 in panels F and G of Figure 3, are likely
intermediates in the conversion of HDL to neo HDL. These
data strongly support a refined model of SOF-mediated
delipidation of HDL in which some if not most HDL are
only partially delipidated by rSOF and then released as
intermediates that are seen at 16 and 45 min. These
intermediates then reassociate via SOF with the growing
CERM (Figure 3) until the delipidation process is completed.

HDL Size Dependence of Opacification. Previous studies
have shown similar kinetics for the opacification and release
of apo A-I (I3). Other studies have shown that the rate of
spontaneous lipid desorption increased with a decrease in
lipoprotein size (/8). This is in accordance with the Kelvin
equation, which states that the rate of desorption from particle
surfaces is an inverse function of particle radius. Our new
kinetic data show the opposite effect; opacification rates are
a positive function of HDL size, and thus, the rate-limiting
step, LF apo A-I desorption, is not likely a simple spontane-
ous process but rather one that is intrinsic to rSOF catalysis.

Apo A-I Lability and a CE Core Are Central to HDL
Opacification. Release of LF apo A-I and CERM formation
have similar kinetics (/3), suggesting that these two steps
are mechanistically linked or occur in rapid succession. Three
pieces of evidence suggest that opacification is dependent
on the lability of apo A-I and that its desorption from HDL
likely precedes CERM formation. First, LDL and VLDL,
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lipoproteins that do not contain apo A-I, are resistant to
opacification (/2). Second, ultrastable HDL which contains
nonlabile, i.e., nondissociable, apo A-I but is similar to native
HDL in most other respects, including lipid composition (7),
is highly resistant to rSOF-mediated opacification (Figure
5). Lastly, the transition state energetics of HDL opacification
and chaotropic perturbation of HDL with Gdm-Cl are similar.
Like opacification, chaotropic perturbation releases LF apo
A-I (~50% of the total HDL protein); unlike opacification,
chaotropic perturbation does not form neo HDL or CERM
(7). Remarkably, the free energy of activation for opacifi-
cation, 94.6 kI, is virtually identical to that of the chaotropic
perturbation of HDL [95.9 kJ (Table 1)]. Although the
entropies and enthalpies of activation for opacification and
chaotropic perturbation are quite different, the free energy
of activation could be associated with the same step in
opacification and chaotropic perturbation. Our previous
studies showed that even if very different enthapies and
entropies of activation are observed, the free energy of
activation is essentially the same if the magnitude of the
energy barrier is controlled by the same determinants (/9).
Given that the common characteristics of opacification and
chaotropic perturbation of HDL are formation of LF apo A-I
and similar free energies of activation, we conclude that apo
A-I desorption is the rate-limiting step in HDL opacification,
apo A-I is necessary but not sufficient for opacification, and
some HDL apo A-I must be labile; given that nearly all,
~98%, HDL is converted to neo HDL, >99% of HDL
particles must contain at least one molecule of labile apo
A-L

The effects of rSOF on rHDL are subtle (Figure 5E).
Whereas rSOF quantitatively converts HDL to CERM, neo
HDL, and LF apo A-I, only a small amount of product is
formed from rHDL for two likely reasons. First, tHDL
contains no CE, the major component of the CERM, the
essential opacifying product. Second, according to the model
of Gursky (4, 25), CE formation via lecithin:cholesterol
acyltransferase is destabilizing and places HDL in a kinetic
trap where it remains unless a mechanism for its escape is
imposed, e.g., heat, denaturants, or rSOF. Each of these
mechanisms promotes HDL—CE fusion, which satisfies in
part the thermodynamic tendency of hydrocarbon-like sub-
stances to phase separate unless opposed by the association
of surface components, phospholipids, and apolipoproteins (26, 27).
Having no CE, the rHDL lacks this important fusogenic
force.

Opacification as a Rational Therapeutic Target. The HDL
is an unstable particle that resides in a kinetic trap from which
it can escape by thermal, chaotropic, and detergent perturba-
tions, all of which release LF apo A-I (4—7). This instability,
which is also revealed by HDL-remodeling proteins—chole-
steryl ester and phospholipid transfer proteins, lecithin:
cholesterol acyltransferase—makes HDL unique (20—23).
Some of these activities are likely important in the formation
of LF apo A-I that is needed to remove free cholesterol from
macrophages via their ABCAL transporters in the subendot-
helial space of the arterial wall (24). HDL instability is also
likely involved in the selective uptake of CE by SR-BI-
expressing cells, a process that segregates apo A-I from CE
which is internalized without any associated apo A-I.

The products formed by rSOF are expected to participate
in RCT in a way that is different from that of HDL. LF apo
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A-I is known to interact with ABCAI, thereby promoting
cholesterol efflux; neo HDL, which has a higher phospholipid
content than HDL, is expected to be a better acceptor of
cholesterol via ABCGI or spontaneous transfer, and last, with
its high apo E content, the CERM could bind to hepatocyte
low-density lipoprotein receptors. It has been proposed that
the disruption of HDL by SOF may alter the anti-inflam-
matory properties of HDL and contribute to the pathogenesis
of group A streptococcal infections (/2). Therefore, SOF may
not be suitable for direct use in therapy. However, our
investigations into the mechanisms of opacification by SOF
and the products formed by interactions between SOF and
HDL may provide insights for the development of a
therapeutic product that could be useful in enhancing RCT
and controlling cholesterol concentrations.
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