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Abstract
Human plasma HDL are the target of streptococcal serum opacity factor (SOF), a virulence factor
that clouds human plasma. Recombinant (r) SOF transfers cholesteryl esters (CE) from ~400,000
HDL particles to a CE-rich microemulsion (CERM), forms a cholesterol-poor HDL-like particle
(neo HDL), and releases lipid-free (LF) apo A-I. Whereas the rSOF reaction requires labile apo A-
I, the modulation effects of other apos is not known. We compared the products and rates of the
rSOF reaction against human HDL and HDL from mice over expressing apos A-I and A-II.
Kinetic studies showed that the reactivity of various HDL species is apo-specific. LpA-I reacts
faster than LpA-I/A-II. Adding apos A-I and A-II inhibited the SOF reaction, an effect that was
more profound for apo A-II. The rate of SOF-mediated CERM formation was slower against HDL
from mice expressing human apos A-I and A-II than against WT mice HDL, and slowest against
HDL from apo A-II over expressing mice. The lower reactivity of SOF against HDL containing
human apos is due to the higher hydropathy of human apo A-I, particularly its C-terminus relative
to mouse apo A-I, and the higher lipophilicity of human apo A-II. The SOF-catalyzed reaction is
the first to target HDL rather than its transporters and receptors in a way that enhances reverse
cholesterol transport (RCT). Thus, effects of apos on the SOF reaction are highly relevant. Our
studies show that the "humanized" apo A-I-expressing mouse is a good animal model for studies
of rSOF effects on RCT in vivo.
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Plasma HDL are vehicles for reverse cholesterol transport (RCT), the transfer of cholesterol
from peripheral tissue to the liver for recycling or disposal (1,2). HDL comprise a core of
mostly CE surrounded by a surface monolayer of free cholesterol (FC), phospholipids (PL),
and specialized proteins- apolipoproteins (apos) A-I and A-II (3). Immunochemical methods
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have been used to separate HDL into LpA-I, (apo A-I but not apo A-II), and LpA-I/A-II,
(apos A-I and A-II), both of which have α mobility, contain apos C, D, and E as well as
LCAT, and exhibit size heterogeneity; the LpA-I/A-II have an apo A-I/apo A-II molar ratio
of ~2:1. LpA-I and LpA-I/A-II are biologically distinct. The plasma residence time of apoA-
I on LpA-I is shorter than that on LpA-I/A-II suggesting divergent metabolic pathways (4).
LpA-I is a better acceptor of cell derived cholesterol than LpA-I/A-II and a better LCAT
substrate (5). LpA-I but not LpA-I/A-II is reduced in normolipemic patients with coronary
artery disease when compared to asymptomatic subjects (6). Compared to young subjects,
LpA-I is elevated and LpA-I/A-II is reduced in octagenerians (7). The inverse correlation of
LpA-I with myocardial infarction is slightly stronger than that of LpA-I/A-II (8).

SOF, a protein produced by Streptococcus pyogenes, causes serum and plasma to cloud, i.e.,
opacify, a process that involves the binding of SOF to HDL and the liberation of apos (9).
SOF is large, multifunctional protein that is covalently bound to the streptococcal surface
via an LPXXG sortase recognition site and is also released in a soluble form. In addition to
its ability to opacify serum, SOF has a direct role in mediating adhesion to and invasion of
host cells (10,11). SOF binds to extracellular matrix proteins such as fibronectin (12, 13),
fibrinogen (14), and fibulin-1 (15) and these binding activities are thought to play a major
part in the adhesion of S. pyogenes to host surfaces. However, the opacification and
adhesion-mediating activities of SOF have been shown to be functionally discrete (16).

SOF specifically targets HDL in serum to induce opacification and according to chemical
kinetics; it is a heterodivalent fusogen that catalyzes the disproportionation of HDL into a
large CERM and neo HDL, a small, discoidal HDL-like particle with mobility, with the
concomitant release of LF apo A-I but not apo A-II (17). The rate and magnitude of
opacification increases with HDL size, presumably because large HDL contain more neutral
lipid, the essential opacification component that is transferred to the CERM (17). Given that
HDL instability, particularly apo A-I lability, appears to be inextricably linked to the
opacification mechanism, we hypothesized that apo A-II would stabilize HDL to
opacification. This hypothesis was tested by product and kinetic analysis of the reaction of
rSOF against HDL that varied in their apo A-II content. These included: LpA-I and LpA-I/
A-II, isolated from human plasma by a new simple method; apo A-II-rich human HDL
formed by the displacement of apo A-I by apo A-II; and apo A-II-rich and -poor HDL from
mice over- expressing human apos A-I and A-II. Our results show that apo A-II stabilizes
HDL except at very high, non physiological HDL-apo A-II content. This work, defining apo
A-II stabilization of HDL to opacification by SOF, provides a basis for evaluating the anti-
atherogenic potential of the opacification reaction that is catalyzed by SOF and perhaps
other rationally designed therapeutic agents that catalyze opacification.

Experimental Procedures
Apo A-I, apo A-II and rSOF

Apos A-I and A-II were isolated from human plasma HDL as described previously (18). A
polyhistidine-tagged, truncated form of sof2, rSOF, encoding amino acids 38–843 was
cloned and expressed in Escherichia coli and purified by metal affinity chromatography
(9,13).

HDL purification and subfractionation
HDL was isolated from human plasma from The Methodist Hospital Blood Donor Center by
sequential flotation at d = 1.063 and 1.21 g/mL. The HDL were further purified by size
exclusion chromatography (SEC). For some tests HDL were subfractionated according to
size by SEC using two Superose HR 6 columns (GE Healthcare, Piscataway, NJ) in tandem
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(17, 19). Fractions from multiple injections (0.5 mL) were pooled as needed for kinetic
analysis. All HDL species eluted as a single SEC peak.

LpA-I and LpA-I/A-II purification
LpA-I and LpA-I/A-II were isolated from human HDL by covalent chromatography on
Thiopropyl Sepharose (GE Healthcare). This protocol takes advantage of the Cys-6 in
human apo A-II and the absence of Cys in human apo A-I, so that LpA-I flows through the
column while reduced LpA-I/A-II binds. LpA-I/A-II is recovered by treating the column
with dithiothreitol (DTT). TPS (2 g) was stirred into deionized water (6 mL) for 15 min,
poured into a 1 cm × 10 cm column equipped with a stopcock and washed with deionized
water (400 mL). The washed beads were resuspended in 16 mL TBS and divided into two
equal aliquots. One aliquot was stirred with HDL (100 mg in 15 mL); the other was returned
to the column. After 20 min, the HDL-TPS mixture was layered on top of the TPS column
and allowed to settle. Ten 2-mL fractions containing LpA-I were eluted with TBS and
collected. The column was washed with 50 mL TBS and the effluent discarded. The
absorption spectrum of a 1:10 dilution of the TBS after-wash should show no protein
indicating that non-bound LpA-I has been eluted from the column. 40 mL DTT (20 mM)
was added to the column and 10 3-mL fractions were collected, some of which contained
reduced LpA-I/A-II. The absorption spectrum of each fraction was used to verify the elution
of LpA-I and LpA-I/A-II based on the emission maxima of 280 nm for apo A-I and 276 nm
for apo A-II (20). SDS-PAGE under reducing conditions revealed a single apo A-I protein
band for LpA-I and two bands for LpA-I/A-II, apo A-I and monomeric apo A-II. The
fractions with the highest protein concentration were combined and dialyzed for >2 days in
TBS, during which apo A-II redimerizes as confirmed by SDS-PAGE. LpAI and LpAI/AII
were concentrated by flotation at 1.21 g/mL. The weight ratio of isolated LpAI to LpAI/AII
was ~2.

Transgenic mouse HDL and human apo A-II enriched HDL
HDL were isolated from the plasma of mice overexpressing human apo A-I, and high (Hi)
and low (Lo) levels of human apo A-II which have been described and designated 11.1 and
25.3, respectively (21). The total lipoproteins of 2–4 mL of plasma were floated for 48 h at d
= 1.21 g/mL after which the narrow cloudy layer at the top of the centrifuge tube, ~0.7 mL,
was transferred to a second centrifuge tube overlaid with d = 1.063 g/mL, and centrifuged
for an additional 18 h. The lipoproteins at the top of the tube were removed and discarded;
the bottom 0.5 – 1.0 mL was removed with a 9" Pasteur pipette which passed through the
supernatant to the bottom of the tube. Both spins were at 50,000 rpm in a Beckman SW 55
Ti rotor. Human HDL was enriched with apo A-II by displacement of apo A-I as previously
described (22). Additional details on various HDL subfraction compositions are in the
Figure legends.

Analysis of rSOF Activity by SEC
Various amounts of HDL and rSOF were combined at 37° C. At the end of each incubation,
an aliquot (0.2 mL) was analyzed by SEC using an Amersham-Pharmacia ÄKTA
chromatography system equipped with two Superose HR6 columns in tandem and eluted
with TBS at a flow rate of 0.45 mL/min.

Western blotting
SEC fractions were analyzed for apos by Western blotting. Proteins were resolved on 18%
Tris-glycine Precast Gels (Invitrogen) by SDS-PAGE and transferred to nitrocellulose for
immunoblotting. The Western blotting method was performed according to Amersham
ECL-plus manual specifications (Amersham GE Healthcare). Immunoblots were conducted
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with HRP-conjugated goat anti-human apo A-I and apo A-II from Academy Biomedical
(Houston, TX). These antibodies are highly specific for human apos and do not cross react
with mouse apos.

Kinetic Turbidimetry
The rates of rSOF-mediated opacification of HDL were measured as a function of time by
kinetic turbidimetry which monitors light scattering produced by the appearance of the very
large (>100 nm) CERM particle (23). After thermal pre-equilibration of HDL (0.5 mg/mL)
at 37° C, rSOF (1 µg/mL) was added and the increase in right angle scattering light intensity
was measured at 325 nm as a function of time on a Jobin Yvon Fluorolog. The intensity vs.
time data were fitted to the growing exponential function, It = I0 + a(1 − e−kt), where I0 is
the initial scattering intensity, It is the intensity as a function of time (t), a is a pre
exponential instrumental factor and k is the rate constant.

Results
Characterization of HDL Species

The various human and mouse HDL species were analyzed by SDS-PAGE Western blotting
(Figure 1). As expected, LpA-I contains apo A-I but is practically devoid of apo A-II
whereas LpA-I/A-II contains both apos A-I and A-II (Figure 1A). SDS-PAGE of the mouse
HDL species confirmed their respective phenotypes (Figure 1B). HDL from WT and human
apo A-I (+) mice contained a prominent band for apo A-I. According to SDS-PAGE, HDL
from the apo A-II (Lo) mouse contains apo A-I and a small amount of human apo A-II. A
similar analysis of HDL from the apo A-II (Hi) mouse showed a prominent band for both
apo A-I and apo A-II. Immunoblot analysis of WT mouse HDL shows the total absence of
antibody binding, confirming the specificity of the antibodies for human apos. In contrast,
the HDL from transgenic mice expressing human apo A-I is positive for apo A-I but not
human apo A-II; similarly, HDL from mice overexpressing human apo A-II is positive for
human apo A-II but not apo A-I.

To test the effects of human apo A-II on the reactivity of HDL to rSOF, we studied the
reaction of rSOF against HDL by SEC and kinetic turbidimetry. The HDL contained varying
amounts of apo A-II: (1) human HDL with and without apo A-II; (2) HDL that contained
different amounts of apos via the addition of exogenous apos; and (3) HDL from mice
expressing human apo A-I or apo A-II. These HDL species were compared by SEC, which
revealed the compositions of the HDL pre and post incubation with rSOF, and by kinetic
turbidimetry, which reflected HDL stability to rSOF according the rate of CERM formation.

LpA-I and LpA-I/A-II
Both SEC and turbidimetric kinetics revealed differences between LpA-I and LpA-I/A-II
reactivity. Previous studies (17), indicated that rSOF activity against total HDL released
nearly half of the HDL protein as LF apo A-I. Our control data (Figure 2A) confirms this
previous finding. In contrast, LpA-I released less and LpA-I/A-II released more apo A-I than
control HDL. The percentage of LF A-I formed from HDL, LpAI, and LpAI/AII was 47%,
42%, and 51%, respectively (p ≥ 0.005). Thus, according to the amount of apo A-I released,
LpA-I/A-II contains more rSOF-releasable apo, i.e., labile apo A-I than does LpA-I. As
expected, the amount of LF apo A-I formed from total HDL in response to rSOF is between
that of its components, LpA-I and LpA-I/A-II. These data were corroborated by kinetic
turbidimetry, which reflects the rate of CERM formation. The rate of CERM formation from
LpA-I was twice as fast as that from LpA-I/A-II (Figure 3).
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Effect of excess LF apos
In vitro addition of apo A-II to HDL displaces apo A-I giving rise to an apo A-II-rich HDL
particle (22). Thus we compared the activity of rSOF on HDL to which exogenous apos had
been added to alter HDL apo composition. Addition of apos A-I and A-II to HDL gave
distinct products. Addition of apo A-I did not displace any apo A-II at either concentration
but only appeared to slightly enrich HDL with apo A-I (Figures 4B, 4C). However,
subsequent treatment with rSOF to the A-I enriched HDL did release a small amount of apo
A-II at the higher apo A-I concentration (Figure 4C). Addition of apo A-II gave the expected
dose-dependent displacement of HDL-apo A-I (22), with partial displacement of apo A-I at
0.05 mg/mL apo A-II (Figure 4D) and total displacement at 0.23 mg/mL (Figure 4E).

According to the magnitude of the peak in the void volume of the SEC, enrichment of HDL
with apos A-I and A-II produced a nominal but similar reduction in CERM formation. In
contrast, the effects of rSOF on apos A-I- and A-II-enriched HDL were distinct. Relative to
HDL, addition of rSOF to apo A-I enriched HDL produced LF apo A-II, an effect that
increased from nil at low apo A-I/HDL ratios to a prominent apo A-II-positive band at a
higher ratio (~0.5) (Figure 4 B and C, lower immunoblots). The effect of similar HDL
enrichment with apo A-II, was much more profound. Even at a low apo A-II to HDL ratio
(~1:10), rSOF catalyzed the release of LF apo A-I (Figure 4 D) and at an apo A-II/HDL ratio
of 0.5, Virtually all of the apo A-I was released as LF apo by rSOF (Figure 4 E). These data
show that apo addition to HDL reduces CERM formation but enhances rSOF-mediated LF
apo release.

The effects of adding excess LF apo to HDL on the rate of CERM formation were assessed
by kinetic turbidimetry with the addition of up to 2.7 mg apo/mg HDL both the rate and
magnitude of opacification were reduced in a dose-dependent way (Figure 5A, 5B). The
effect of apo A-I reached a maximum by 0.23 mg/mL, while addition of apo A-II continued
to decrease both the rate and maximum opacification at 0.67 mg/mL. The reduction in
opacification rate with the addition of apo A-II (−7.2 × 10−3 sec−1mg−1) was twice that for
apo A-I (−3.8 × 10−3 sec−1mg−1) (Figure 5C). Based on the fit to the kinetic data, addition
of apo A-II reduced the magnitude of the opacification over 5 times more than did addition
of apo A-I-(~25% vs ~ 80%) (Figure 5D).

Activity of rSOF against HDL from Mice with Genetically-altered Apo Expression
The SEC of HDL isolated from WT, apo A-I (+), apo A-II (Lo), and apo A-II (Hi) mice
showed that HDL from mice expressing human apos were larger than that of WT. In
response to rSOF treatment, the HDL from all four mouse types exhibited similarly robust
opacification. Unlike human HDL, the LF apo A-I peak from WT mouse HDL appears as a
shoulder on the neo HDL peak that has much lower intensity than that of LF apo A-I formed
by the activity of rSOF against human HDL (Figure 6A). The activity of rSOF against HDL
from mice expressing human apo A-I, ApoA-I (+), released more LF apo A-I than HDL
from WT mice. In contrast, the release of LF apos by mice expressing small amounts of
human apo A-II is similar to that of WT. Of the mouse HDL tested, opacification of HDL
from mice over expressing high levels of apo A-II was distinguished by the highest levels of
LF apo release. Kinetic Turbidimetry of rSOF against HDL from Mice with Genetically-
altered Apo Expression: Kinetic turbidimetry of rSOF activity against the HDL of mice
expressing human apos A-I and A-II revealed differences that included differences in both
the rates and magnitude of opacification (Figure 7A). The initial rate of opacification was
highest for HDL from WT mice and decreased in the order WT (~8.8) > apo A-I (+) (~7) >
apo A-II (Lo) (~5) > apo A-II (Hi) (~1) (Figure 7B), indicating that both human A-I and A-
II stabilize mouse HDL to rSOF, and that this stabilizing effect is more profound with high
amounts of human apo A-II (Figure 7B). The magnitude of opacification was lower for HDL
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from WT mice and A-II (Hi) than for apo A-I (+) HDL and apo A-II (Lo) HDL (Figure 7C).
Since the SEC data of Figure 6 show that all these opacification reactions go to completion,
the lower opacification max may be due to formation of smaller CERM particles, resulting
in lower scattering intensity.

Discussion
Analysis of the Products of the SOF Reaction

According to SEC, the amount of CERM and LF apo formed are a function of the HDL
compositions. Whereas there was little difference in the profiles for HDL, LpA-I, and LpA-
I/A-II before incubation with rSOF, treatment with rSOF gave rise to differences, the most
prominent being that LpA-I/A-II released more LF apo A-I than did LpA-I. This occurred
despite the lower apo A-I content of LpA-I/A-II. We conclude that the occurrence of human
apo A-II on native human HDL is associated with more apo A-I within the rSOF-releasable
apo pool.

The effects of apos were further tested by studies of HDL pre incubated with apos A-I and
A-II, and analyzed by SEC before and after incubation with rSOF. Pre incubation of HDL
with apo A-I or apo A-II had no effect on the amount of CERM produced. The same was not
true of the amount of LF apo released in response to rSOF (Figure 4). Whereas separate
treatment of HDL with apo A-I or rSOF alone did not release any apo A-II to the LF
fraction, the successive treatment of HDL with higher concentrations of apo A-I and with
rSOF transferred some of the apo A-II into the rSOF-releasable pool (Figure 4A-C). The
effects of apo A-II were more profound. Although HDL in the presence of a low
concentration of apo A-II retained all of its apo A-I (upper immunoblot, Figure 4D),
incubation with rSOF released nearly all apoA-I to the LF pool (Figure 4D, lower
immunoblot; compare fractions 32, 33 to 34, 35). This contrasts to control HDL, in which
~50% of the apo A-I remains in the neo HDL fractions (Figure 4A, lower immunoblot).
Thus, addition of apo A-II to HDL not only displaces apo A-I but also transfers additional
apo A-I to the rSOF-releasable pool.

At the higher concentration of apo A-II, nearly all apo A-I was displaced from HDL (upper
immunoblot, Figure 5E). This A-II-rich HDL was still rSOF-reactive, forming CERM,
which appears in the void volume, a neo HDL with a trace of apo A-I, and leaving an A-II
rich-neo HDL that elutes between 31 and 33 mL. We conclude that addition of excess apo
A-I to HDL effects rSOF release of apo A-II into the LF pool. Thus, addition of apos A-I
and A-II to HDL, transfers additional apo A-II and A-I respectively to the rSOF-releasable
apo pool.

SEC of the mouse HDL shows that WT mice have smaller HDL compared to that of mice
expressing human apos A-I and A-II. SEC also shows that less CERM is formed from the
HDL of WT mice than from the other mice. This is a size effect that is a function of the CE
content, and is consistent with our previous observations on various HDL subfractions of
different size and CE content (17). Large HDL contain more CE than small HDL and given
that CE is the major component of the CERM, it is expected that more CERM is formed
from the larger more CE-rich transgenic mouse HDL.

There were other notable differences. First, the amount of LF apo A-I released by the HDL
from WT mice was much lower than that from human HDL (compare Figure 2A and 6A).
However, comparison of the SEC of the post rSOF of HDL from WT mice with that of the
apo A-I (+) mice shows an increase in the amount of LF apo A-I produced by "humanizing"
mouse HDL. There was little difference between the effects of rSOF on HDL from WT and
the apo A-II (Lo) mice. This is likely because the amount of human apo A-II in the HDL of
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these mice is very low (Figure 1). In contrast, there was a robust rSOF-mediated release of
LF apo from the HDL of the apo A-II (Hi) mice. These data complement the studies with
added apo A-I and A-II, and the comparison of LpA-I with LpA-I/A-II by showing that the
addition of apo A-II increases the rSOF-releasable apo pool.

Apo A-II Inhibition of SOF Reaction Kinetics
Collectively, our findings show that in the segue from physiological-LpA-I vs. LpA-I/A-II-
to the more mechanistic-apo add-back to HDL and HDL from mice over expressing apos
(Figures 3, 5, and 7, respectively), the occurrence of apo A-II in HDL is associated with a
reduced rate of opacification, an effect that persists even when comparing the add-back of
apo A-I to that of apo A-II (Figure 5). As with SOF, apoA-II inhibits the remodeling of HDL
by other physiologically important factors found in plasma, including lecithin:cholesterol
acyltransferase and lipid transfer proteins (24–27), an effect that others have assigned to a
direct stabilizing action of apoA-II on HDL. Although this conclusion is supported by
studies (28) showing that apo A-II has a higher surface pressure before collapse in artificial
monolayers than apo A-I, i. e., more stable, the effect is modest (~10%) and likely too small
to explain the profound effects of apo A-II on SOF reaction kinetics. Moreover, recent
denaturation studies (29) showed that LpA-I/A-II stability is comparable to if not slightly
less than that of LpA-I, a finding that is also consistent with studies of rHDL (30–33).
Another alternative is that addition of apo A-II alters the surface properties of HDL lipids.
However, following the addition of human apo A-II to human HDL, we observed no change
in the general polarization of Laurdan, a sensitive probe of lipid surface polarity (data not
shown).

Our alternative explanation is that apo A-II displaces the one quality of HDL that is essential
for the SOF reaction and that is labile apo A-I, which has a SOF-competent conformation
that is distinct from that of apo A-I that remains bound after displacement with apo A-II
(23). This conclusion is consistent with differential scanning calorimetry, circular dichroism,
light scattering and electron microscopy data that shows that apoA-I occurs in two distinct
populations on HDL that manifest themselves in the two successive thermal transitions: a
labile population that dissociates concomitantly with HDL fusion, and a tightly bound
population that dissociates upon HDL disintegration, rupture and release of a polar core
(29).

Differential Effects of Mouse and Human Apo A-I
The kinetics of the SOF reaction against HDL containing human apo A-I was much slower
than that of HDL from WT mice. Clues identifying the underlying differences between HDL
from WT and human apo A-I over expressing mice were provided by the thermodynamic
studies of Saito et al. (26), who found relevant differences in the compositions and
properties of their C-termini. Both human and mouse apo A-I adopt a two-domain tertiary
structure, analogous to that of apo E (26). In this model, mouse apo A-I residues 1–186 form
an antiparallel helix bundle while residues 187–240 fold into a separate, disordered domain.
The N- and C-terminal domains of mouse and human apo A-I are 70% and 46% identical,
respectively (34), and the C-terminal 22-residue segments have only 30% sequence identity.
These differences convey different properties to human and mouse apo A-I. According to
the calculated mean residue hydropathy (34), mouse apo A-I is lower, i.e., more polar and
less lipophilic than human apo A-I. This difference is profound for the 54 C-terminal
residues of human vs. and mouse apo A-I for which the consensus scale gives values of
−0.17 and −0.25 kcal/mol for the C-terminal domains of human and mouse apo A-I,
respectively. Since more negative values indicate higher polarity, the mouse peptide is more
polar, i.e., less lipophilic.
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According to denaturation studies, LF human apo A-I is more stable than LF mouse apo A-I
(35) and the difference resides in the greater stability of the N-terminal helix bundle of
human apoA-I, which has greater α-helical content. In the context of the essential and rate-
limiting (23) role of apo A-I release, it is valuable to compare our SOF kinetic data with
studies of lipid-binding kinetics by human and mouse apo A-I because this reaction involves
the reverse of the SOF reaction, i.e., phospholipid-apo A-I association (35) vs. its
dissociation during opacification. Again these data show that differences in lipid-binding
reside in the C-terminus. The rate of lipid binding increases in the order of human apoA-I
(1–189) < whole human apo A-I < human apoA-I (190–243). Thus, the C-terminal domain
of human apo A-I is the most lipophilic, i.e., high affinity lipid binding. In contrast, the C-
terminal domain of mouse apoA-I (residues 187–240) is disordered, much more polar, and
binds lipids more slowly, i.e., is less lipophilic. Thus, the reverse process in the opacification
reaction, apo A-I desorption, would be expected to be faster, as observed, for WT mouse
HDL vs. human apo A-I (+) (Figures 7 and 8).

The broad goals of our studies with rSOF are to determine if the SOF reaction could be the
basis of a new therapy to promote RCT. Opacification of HDL by rSOF produces CERM,
neo HDL and LF apo A-I, all of which could enhance various RCT steps. With its high CE
and apo E content (17), the CERM might be a vehicle for the hepatic clearance of large
quantities of cholesterol as CE; neo HDL, which is phospholipid-rich and cholesterol-poor,
should be a better acceptor of cellular cholesterol efflux. Lastly, LF apo A-I is a known
ligand for efflux via ABCA1. The successive steps in testing whether the rSOF reaction has
therapeutic potential requires studies in valid mouse models of human HDL metabolism.
Based on the work presented here, the apo A-I (+) mouse which has a "humanized" post
SOF SEC profile is our best model to date. Future studies of the roles of other apos and of
atheroprotection in these and atherosusceptible mice could guide the rSOF reaction to
human therapy.
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Fig. 1.
SDS-PAGE and Western blots of HDL preparations. A. Coomasie blue staining of LpA-I
and LpA-I/A-II as labeled in non-reduced and reduced form following LpA-I and LpAI/A-II
isolation by covalent chromatography with TPS. B. Coomasie blue staining of HDL isolated
from wild type mice and mice overexpressing human ApoA-I, ApoA-II (Lo), and ApoA-II
(Hi) C. Immunoblotting of WT and gene-altered mice as labeled using antibodies to human
apo A-I and apo A-II.
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Fig. 2.
SEC of human HDL subfractions pre and post rSOF treatment. A. Total HDL; B. LpA-I; C.
LpA-I/A-II. Pre rSOF (grey fill); post rSOF (−). After rSOF treatment, 47%, 42% and 51%
of HDL protein was released as LF apo A-I in A, B and C, respectively.
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Fig. 3.
Kinetics of Opacification of LpA-I/A-II and LpA-I. The rate constants for opacification of
LpA-I (upper curve) and LpA-I/A-II (lower curve) were k = (28.73 ± 0.28) × 10−3 sec−1 and
(11.57 × ± 0.08) × 10−3 sec−1, respectively. Data (gray symbols); fitted curve (−).
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Fig. 4.
Analysis of the effects rSOF on apo-enriched HDL. HDL (0.5 mg/mL) was incubated for 30
minutes at 25 °C with LF apos A-I or A-II and then treated with rSOF (1 µg/mL) for 18 h at
37 °C. The reaction products were separated by SEC and fractions of major peaks were
analyzed by immunoblotting. Pre rSOF (grey fill) and upper immunoblot panels; post rSOF
(−) and lower immunoblot panels. A. HDL; B. HDL + 0.05 mg/mL apo A-I. C. HDL + 0.23
mg/mL apo A-I; D. HDL + 0.05 mg/mL apo A-II; E. HDL + 0.23 mg/mL apo A-II. The
indicated fractions in A, D and E were immunoblotted for apo A-I. Fractions in B and C
were immunoblotted for apo A-II. Addition of apoA-I was analyzed for its ability to
dissociate ApoA-II from the HDL particle and vice versa.
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Fig. 5.
Kinetics of opacification of apo-enriched HDL. Opacification kinetics of HDL (0.5 mg/mL)
treated with increasing concentrations of (A) apos A-I and (B) A-II. The concentrations of
added apos were 0.0, 0.11, 0.23 and 0.67 mg/mL for curves a, b, c and d respectively. Grey
points are raw data, black lines are fits to the data using the equation given in the Methods.
C. Effect of increasing apo concentration on the rate constant for opacification. For 0.0 to
0.23 mg/mL added apo, the reduction in opacification rate was −7.2 × 10−3 sec−1mg−1 for
apo A-II and −3.8 × 10−3 sec−1mg−1 for apo A-I. D. Maximum opacification of HDL in the
presence of added apo A-I or A-II relative to control HDL. For C and D, open circles are
addition of apo A-I, closed circles are apo A-II.
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Fig. 6.
SEC analysis of the effects rSOF on HDL from WT and transgenic mice expressing human
apos A-I and A-II. rSOF (1 µg/mL) was incubated with HDL (0.25 mg/mL) for 18 h at 37
°C and analyzed by SEC. Pre rSOF (gray-filled curves); post rSOF (−). A. WT; dashed line
is SEC trace of rSOF + human HDL from (Figure 2). B. Apo A-I (+); C. Apo A-II (Lo); D.
Apo A-II (Hi).
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Fig. 7.
Kinetics of opacification of HDL from WT and transgenic mice expressing human apos A-I
and A-II. A. Turbidimetric kinetics for mouse HDL (0.5 mg/mL) treated with 1 µg/mL of
rSOF as labeled. B. Opacification rate constants for mouse HDL treated with rSOF. C.
Maximum opacification relative to WT HDL (= 100%).
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Fig. 8.
Summary of Rate Data. Arrows denote samples rich in human apo A-II. Data compiled from
kinetic curves in Figures 3, 5, and 7.
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