Biochimica et Biophysica Acta 1801 (2010) 64–69

Contents lists available at ScienceDirect

Biochimica et Biophysica Acta
j o u r n a l h o m e p a g e : w w w. e l s e v i e r. c o m / l o c a t e / b b a l i p

The role of hydrophobic and negatively charged surface patches of lipid-free
apolipoprotein A-I in lipid binding and ABCA1-mediated cholesterol efﬂux
Loren E. Smith, W. Sean Davidson ⁎
Department of Pathology and Laboratory Medicine, University of Cincinnati, 2120 East Galbraith Road, Cincinnati, OH 45237-0507, USA

a r t i c l e

i n f o

Article history:
Received 15 May 2009
Received in revised form 9 September 2009
Accepted 15 September 2009
Available online 24 September 2009
Keywords:
Apolipoprotein A-I
ATP binding cassette transporter A1
Functionality
Surface patch
Lipid-free model
Lipid-binding

a b s t r a c t
Recent models of lipid-free apolipoprotein A-I, including a cross-link/homology model and an X-ray crystal
structure have identiﬁed two potential functionally relevant “patches” on the protein surface. The ﬁrst is a
hydrophobic surface patch composed of leucine residues 42, 44, 46, and 47 and the second a negatively
charged patch composed of glutamic acid residues 179, 191, and 198. To determine if these domains play a
functional role, these surface patches were disrupted by site-directed mutagenesis and the bacterially
expressed mutants were compared with respect to their ability to bind lipid and stimulate ABCA1-mediated
cholesterol efﬂux. It was found that neither patch plays a signiﬁcant functional role in the ability of apoA-I to
accept cholesterol in an ABCA1-dependent manner, but that the hydrophobic patch did affect the ability of
apoA-I to clear DMPC liposomes. Interestingly, contrary to previous predictions, disruption of the
hydrophobic surface patch enhanced the lipid binding ability of apoA-I. The hydrophobic surface patch
may be important to the structural stability of lipid-free apoA-I or may be a necessary permissive structural
element for lipid binding.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
Cardiovascular disease (CVD) is the leading cause of death in the
industrialized world [1]. Numerous prospective studies have demonstrated an inverse correlation between high density lipoprotein (HDL)
plasma levels and every major manifestation of CVD [2,3]. The
cardioprotective effects of HDL may be due in part to its role in the
reverse cholesterol transport system, the process by which excess
cholesterol is packaged into HDL and transported from the periphery to
the liver for excretion as bile salts [4,5]. This represents the body's
primary method of cholesterol excretion. Many studies have been
performed to better understand the factors controlling the production of
HDL. It has become clear that HDL biogenesis is dependent on the proper
function of the membrane transport protein, ATP-binding cassette
transporter A1 (ABCA1) [6–9]. The lack of functional ABCA1 leads to
Tangier disease, characterized by a near absence of plasma HDL, the
accumulation of cholesterol esters in the liver, spleen, lymph nodes, and
macrophages, and an increased risk of coronary artery disease [8–10]. It
is thought that HDL is formed when ABCA1 facilitates the efﬂux of
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phospholipids and cholesterol to lipid-free apolipoprotein A-I (apoA-I)
[11], but the details of the interaction between apoA-I and ABCA1 are
unclear. Recently, Ajees, et al. published an X-ray crystallography model
of full length lipid-free apoA-I [12]. This model generally resembles an
earlier model of lipid-free apoA-I developed using a combination of
chemical cross-linking following by mass spectroscopy and in silico
sequence threading [13]. Upon analysis of the crystal structure, Ajees et
al. identiﬁed clusters of both charged and hydrophobic residues on the
protein surface. The ﬁrst is a hydrophobic surface patch composed of
leucine residues 42, 44, 46, and 47. These residues are located at the turn
between the ﬁrst and second helix in the N-terminal four helix bundle in
both the Ajees crystal structure and in the Silva cross-linking model. This
arrangement is unusual in that such a high concentration of hydrophobic residues might be expected to be sequestered in the interior of the
helical bundle. Ajees et al. suggested that the solvent exposed
hydrophobic patch might be an initial lipid interaction site which
triggered the structural transition of apoA-I from its compact lipid-free
state to an open, lipid-bound state. The second domain is a negatively
charged patch composed of glutamic acid residues 179, 191, and 198
(and possibly 183). This patch is located between the helical bundle
and the C-terminal lipid-binding domain in both models, although
the patch appears more localized in the crystal structure, owing to
the higher state of organization of the C-terminus in the crystal. It has
been speculated that this charged surface patch might be important
for a direct interaction between apoA-I and ABCA1, which has been
speculated to occur prior to the lipid transfer event [14,15]. The
functional signiﬁcance of these apoA-I surface patches for HDL
formation is unknown.
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To determine if these surface patches have functional importance
with respect to lipid binding and ABCA1-mediated cholesterol efﬂux,
we generated three point mutants of apoA-I which disrupt these
sites, shown in Fig. 1. The mutants apoA-I L(42,44)D and apoA-I L
(46,47)D each have two of the four Leu residues comprising the
putative hydrophobic patch replaced by a negatively charged Asp of
relatively similar molecular volume. For functional studies of the
negatively charged surface patch, the central glutamic acid (198) was
changed to a lysine residue, thus separating the remaining two
negatively charged residues and in effect eliminating this surface
patch. We found that none of the mutations introduced in this study
altered cholesterol efﬂux via ABCA1 from murine macrophages.
Interestingly, and in contrast to previous predictions, introduction of
negative charges into the hydrophobic patch actually increased the
ability of apoA-I to solubilize synthetic dimyristoyl phosphotidylcholine liposomes [12].
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Novagen (Madison, WI). Dimyristoyl-phosphatidylcholine (DMPC)
was purchased from Avanti Polar Lipids (Alabaster, AL). Dulbecco's
modiﬁed Eagle medium (DMEM) and fetal bovine serum (FBS) were
acquired from Invitrogen (Carlsbad, CA). [1,2-3H(N)]-cholesterol was
supplied by Amersham Biosciences (Piscataway, NJ). 8-Bromoadenosine 3′,5′-cyclic monophosphate sodium salt (8-bromo-cAMP) and
gentamicin were purchased from Sigma (St. Louis, MO). The bis
(sulfosuccinimidyl) suberate (BS3) cross-linker was obtained from
Pierce (Rockford, IL). The RAW264.7 macrophages used in the
cholesterol efﬂux assay were obtained from the American Type
Culture Collection (Manassas, VA) and were maintained in DMEM
supplemented with 10% FBS and 10 μg/mL gentamicin. Radiolabeling
and efﬂux measurements were performed in DMEM supplemented
with 0.2% fatty-acid free bovine serum albumin (Calbiochem, Gibbstown, NJ). All other reagents were the highest quality available.
2.2. Point mutagenesis of human apoA-I

2. Materials and methods
2.1. Cells and reagents
Isopropyl β-D-1-thiogalactopyranoside (IPTG) was purchased
from Fisher (Pittsburgh, PA). IgA protease was obtained from
Mobitech (Gottingen, Germany). His bind resin was obtained from

DNA manipulation of apoA-I cDNA was performed in a PET30
construct containing an N-terminal histidine-tag (his-tag) separated
from the human apoA-I cDNA by an IgA protease cleavage site [16].
Point mutations were generated using PCR-based site-directed
mutagenesis (Quick-Change, Stratagene, La Jolla, CA). Complementary
primers were synthesized which matched the target sequence except
at the codon they were intended to change. Additionally, all the
primers were designed to add a silent restriction enzyme site to the
construct for screening purposes. When completed, all mutant
sequences were veriﬁed by the Cincinnati Children's Hospital
Sequencing Core on an Applied Biosystems 3730 DNA Analyzer.
2.3. ApoA-I expression and puriﬁcation
ApoA-I was expressed and puriﬁed in Escherichia coli as previously
described [16]. Brieﬂy, BL-21 E. coli cells transformed with our
construct of choice were grown to an absorbance of 0.7–0.8 at 600 nm.
IPTG was added to a ﬁnal concentration of 0.5 mM. After 2 h, cells
were pelleted, and stored dry at −80 °C. Cells were lysed using probe
sonication, and the apoA-I was puriﬁed using His bind resin followed
by a phenyl sepharose hydrophobic interaction column (GE Healthcare). The his-tag was cleaved from the apoA-I with IgA protease, and
the apoA-I was puriﬁed away from the his-tag using a Superdex 200
size exclusion chromatography column (GE Healthcare). Later sets of
proteins were expressed with a tobacco etch virus cleavable his-tag.
This puriﬁcation protocol omitted the phenyl sepharose column, as
previously described [17]. All protein samples remained in solution
during the entire puriﬁcation procedure and, when puriﬁed, were
stored in standard Tris buffer (STB: 150 mM NaCl, 10 mM Tris–HCl pH
8.0, 1 mM EDTA, 0.02% sodium azide). When used for a control,
human plasma apoA-I was isolated as previously described [18], and
stored in STB.
2.4. Far UV spectral analysis by circular dichroism

Fig. 1. (A) Hydrophobic surface patch of apoA-I displayed on the X-ray crystal structure
model (left) and lipid-free apoA-I homology model (right) [21,12]. The models depict
residues 42 and 44, which composed mutant L42,44D as space-ﬁlled light (teal) and
residues 46 and 47, which composed mutant L46,47D as space-ﬁlled dark (red). (B)
Negatively charged surface patch of apoA-I displayed on X-ray crystal structure model
(left) and lipid-free apoA-I homology model (right), with residue 183 included for
completion [21,12]. The models depict residues 179, 183, and 191 as space-ﬁlled light
(teal), and residue 198 as space-ﬁlled dark (red).

All samples were freshly dialyzed against 20 mM phosphate buffer
(pH 7.4), and diluted to 100 μg/ml. All measurements were made on a
Jasco J-715 spectropolarimeter. A background scan of phosphate
buffer was subtracted from each sample scan. The mean residual
ellipticity of each sample was calculated as described by Woody [19],
and the formula of Chen et al. [20] was used to calculate the fractional
helical content using the mean residual ellipticity at 222 nm. This
measurement was performed on two independently prepared sets of
proteins on different days. Percent helicity for each mutant was
normalized to WT apoA-I for each set of proteins. Normalized trial
values were averaged, and compared to WT apoA-I using an unpaired,
two-tailed Student's t-test, with a p-value of 0.05 or less indicating a
signiﬁcant change in percent helicity compared to WT apoA-I.
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2.7. ABCA1-dependent cholesterol efﬂux assay

Fig. 2. Representative circular dichroism spectra of WT apoA-I (●), apoA-I E198K (○),
apoA-I L42,44D (▼), and apoA-I L46,47D (▽). Far UV (195-260 nm) spectra of each
protein at 0.1 mg/mL in 20 mM phosphate buffer, pH 7.0. Every ﬁfth data point is
plotted. Points are the mean of three replicate scans from 260 to 190 nm at 100 nm/min
with a 0. 5-nm step size and 0. 5-s response, using a bandwidth of 1 mm and a slit width
of 500 μm. Bars represent 1 SD.

2.5. Tertiary structural analysis using tryptophan ﬂuorescence and BS3
cross-linking analysis
All ﬂuorescence measurements were performed on a Photon
Technology International Quantamaster spectrometer. The four
tryptophan residues in apoA-I were excited at 295 nm to minimize
tyrosine ﬂuorescence interference. The emission spectra were
collected from 305 to 380 nm at room temperature. The protein
samples were 100 μg/ml in 20 mM phosphate buffer (pH 7.4), and a
phosphate buffer blank was measured and subtracted from each
sample scan. Each sample was measured three times, and the
wavelength of maximum ﬂuorescence determined was the average
of the maximum wavelength of each scan. We performed this
measurement on two independently prepared protein sets and the
average wavelength of maximum ﬂuorescence of each mutant was
compare to that of WT apoA-I using an unpaired, two-tailed Student's
t-test, with a p-value of 0.05 or less indicating a signiﬁcant change in
tertiary structure compared to WT apoA-I.
In order to assess the self-association characteristics of each
mutant compared to WT apoA-I, a BS3 cross-linking analysis was
used. Each lipid-free mutant was incubated for 24 h at 4 °C with the
cross-linker BS3 at a mole/mole ratio of 10:1 (BS3/protein) in
phosphate buffered saline (pH = 7.4). The ﬁnal protein concentration was 1 mg/mL. Self-associated complexes were assessed with
SDS-PAGE.
2.6. Assessing lipid binding using the DMPC clearance assay
The dimyristoyl-phosphatidylcholine (DMPC) lipid clearance
assay was performed as previously described [21]. Proteins in STB
were added to lipid vesicles at a mass:mass ratio of 2.5:1 (DMPC/
protein) and the absorbance at 325 nm was recorded every 30 s for
20 min on an Amersham Biosciences Ultraspec 4000 UV/visible
spectrophotometer. Samples were measured three times and
absorbances averaged. The solution temperature was held at
24.5 °C during the duration of the assay using a temperature
controlled cuvette. Although lipid binding and solubilization is a
complex, multistep process, this assay is widely accepted in the ﬁeld
as a means of approximating the lipid-binding ability of an
apolipoprotein. Two independently prepared protein sets were
measured using different preparations of multilamellar vesicles.
The average rate constant of each mutant was compared to that of
WT apoA-I using an unpaired, two-tailed Student's t-test, with a pvalue of 0.05 or less indicating a signiﬁcant change in the rate of lipid
binding.

RAW 264.7 macrophages were grown to 80% conﬂuency, then
incubated with media containing 1.0 μCi/mL [1,2-3H(N)]-cholesterol ±
0.3 mM 8-bromo-cAMP. After a thorough wash, media containing a
given concentration of apoA-I ± 0.3 mM 8-bromo-cAMP was applied
for 8 h. Media alone and with 10 μg/mL of human plasma isolated
apoA-I without 8-bromo-cAMP were included as experimental
controls. After 8 h the media was ﬁltered and sampled to determine
the amount of labeled cholesterol transferred to the media by
scintillation counting. Three trial wells were treated with each
protein sample, with the percent efﬂux calculated for each sample as
the average of its three wells. Percent efﬂux was calculated by
dividing the counts in the media by the total internalized counts per
well. The total internalized counts were determined by dissolving the
media-only treated cells with isopropanol at the end of the
experiment, drying down this solution, resolubilizing the sample in
toluene, and counting. Two sets of independently prepared protein
samples were measured using cells prepared on separate days. The
percent efﬂux of each mutant was normalized to WT apoA-I. In dose
response experiments, the percent efﬂux of each mutant was
normalized to the highest dose of WT apoA-I. Each mutant's average
normalized percent efﬂux from the two trials was compared to that
of the corresponding WT apoA-I dose using an unpaired, two-tailed
Student's t-test, with a p-value of 0.05 or less indicating a signiﬁcant
change in the ability of the mutant to stimulate cholesterol efﬂux
compared to WT apoA-I.
3. Results
3.1. Structural characterization of ApoA-I variants
To understand the effect on secondary structure of sequence
changes associated with the mutant apoA-I protein, each protein was
analyzed using circular dichroism spectroscopy. As seen in Fig. 2, each
mutant generated a spectrum with minima in the mean residual
ellipticity at 208 and 222 nm, the hallmark of a predominantly αhelical structure. Table 1 shows the calculated percent helical contents
of the various mutants. Most mutants exhibited helical contents that
were statistically indistinguishable from WT apoA-I, with the
exception of the L46,47D mutant, which showed a slightly lower
value. This suggests that disruption of these residues in the
hydrophobic surface patch leads to small changes in the secondary
structure of the protein. Since the difference in percent helicity and
thus secondary structure of the L46,47 mutant was small compared to
WT apoA-I, this mutant was included in the functional studies
discussed below. To further evaluate any structural changes associated with the mutations, the wavelength of maximum tryptophan
ﬂuorescence (WMF) was measured, as shown in Table 2. The WMF
varies depending on the chemical environment of the four tryptophan
residues in apoA-I. If these residues are buried within the hydrophobic
core of the protein, the WMF is characteristically blue shifted to about
333 nm compared to tryptophan in an aqueous environment, which
ﬂuoresces around 355 nm [22]. All the mutants displayed a
tryptophan ﬂuorescence pattern similar to that of WT apoA-I except
Table 1
Helical content of WT and mutant apoA-I.
ApoA-I mutant

Normalized % α-helical contenta

Standard error

WT
E198K
L42,44D
L46,47D

1.000
1.079
0.8443
0.9484⁎

0.000
0.179
0.057
0.020

a
Average of two sets of triplicate measurements made on independent preparations
of proteins. Values normalized to WT.
⁎ p b 0.05 compared to WT by unpaired, two-tailed Student's t-test.
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Table 2
Tryptophan ﬂuorescence of WT and mutant apoA-I.
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Table 3
Rate constants for pseudo-ﬁrst order reaction of DMPC clearance assay.

ApoA-I mutant

Maximum λ of ﬂuorescencea

Standard error

ApoA-I mutant

k (min-1)

Standard error

WT
E198K
L42,44D
L46,47D

332
333
335
336⁎

0.5
0.5
0.8
0.3

WT
E198K
L42,44D
L46,47D

1.00
0.767
1.59⁎
1.77⁎

0.00
0.23
0.07
0.09

a
Average of two sets of triplicate measurements made on independent preparations
of proteins.
⁎ p b 0.05 compared to WT by unpaired, two-tailed Student's t-test.

L46,47D, which showed a slightly higher wavelength of maximum
tryptophan ﬂuorescence, again suggesting that the average tryptophan environment in the L46,47D mutant is more exposed to the
aqueous environment than WT apoA-I. Together the CD and
tryptophan ﬂuorescence data indicate that disruption of the hydrophobic patch at residues 46 and 47 leads to small changes in the lipidfree structure of apoA-I, suggesting these residues may play a minor
role in the overall stability of this protein. Finally, to assess the extent
of self-association of each mutant compared to WT apoA-I, each
mutant was cross-linked in solution with BS3, and the extent of selfassociation analysed by SDS-PAGE. At 1 mg/mL, all mutants showed
comparable proportions of monomer and dimer in solution as WT
apoA-I (data not shown).

Rate constants calculated by ﬁtting ﬁrst 5 min of clearance time courses to pseudo-ﬁrst
order equation. All k-values normalized to WT. The k-values shown are an average of
two trials of independently prepared protein sets.
⁎ p b 0.02 compared to WT by unpaired two-tailed Student's t-test.

25]. In these cells, the increased cellular cholesterol efﬂuxed to apoA-I
with cAMP treatment is due solely to this increase in ABCA1 on the cell
surface. As seen in Fig. 4A, in the presence of ABCA1, all the lipid-free
apoA-I mutants promoted comparable magnitudes of cholesterol
efﬂux as the WT apoA-I when compared at 10 μg/ml. To ensure that
the cholesterol efﬂux was not saturated at this concentration, a range
of apoA-I concentrations was investigated (Fig. 4B). It is clear that all
mutants showed a concentration-dependent promotion of cholesterol
efﬂux leading to saturation that was similar to WT apoA-I. Together,
these data suggest that, despite the disruption of the putative
hydrophobic or negatively charged surface patches, apoA-I can still
fully participate in cholesterol efﬂux, and thus in HDL biogenesis.

3.2. Lipid clearance by ApoA-I variants
The rate at which each apoA-I variant can bind to and solubilize
multilamellar DMPC vesicles (MLV) was measured. Fig. 3 shows the
decrease in turbidity over time as the protein binds and emulsiﬁes the
MLVs. Table 3 presents the rate constants of lipid clearance for the ﬁrst
5 min of the reaction assuming the binding event occurs under
pseudo-ﬁrst order kinetics with excess MLV present. All k-values are
normalized to WT apoA-I. It is clear that apoA-I E198K cleared
liposomes similarly to WT apoA-I. However, introduction of negatively charged residues into the putative hydrophobic surface patch in
apoA-I L(42,44)D and apoA-I L(46,47)D resulted in a signiﬁcant
increase in the rate of liposome clearance compared to WT apoA-I.
3.3. ABCA1-dependent cholesterol efﬂux by ApoA-I Variants
The ability of each apoA-I variant to promote ABCA1-dependent cholesterol efﬂux from RAW 264.7 macrophages labeled with
3
H-cholesterol was measured. In this cell system, treatment with
cAMP leads to increased expression of ABCA1 on the cell surface [23–

Fig. 3. Representative curves from liposome clearance assay. WT apoA-I (●), apoA-I
E198K (○), apoA-I L42,44D (▼), and apoA-I L46,47D (▽). The experiment was
performed as described in Materials and methods. All points are the mean of three
replicates. The fractional absorbance was calculated as optical density (OD) divided by
the initial optical density (OD0). A rate constant, k (min-1), was calculated for each
mutant by ﬁtting the fractional absorbance at 325 nm vs. time to a monoexponential
decay equation for the ﬁrst 5 min of the reaction using Microsoft Excel (see Table 2).

Fig. 4. Efﬂux of cholesterol to lipid-free apoA-I mutants. As described in Materials and
methods, RAW264.7 cells were labeled for 18 h with tritiated cholesterol in the
presence of cAMP to upregulated ABCA1. After removal of labeling media and washing
of the cells, medium containing lipid-free acceptor, again in the presence of caMP, was
added to the cells for 8 h. The free cholesterol (FC) efﬂux was calculated as percentage
of total cell cholesterol, calculated as the sum of efﬂux media counts and intracellular
counts after the cells were solubilized in isopropanol. (A) Cholesterol efﬂux to lipid free
acceptors at 10 μg/mL, normalized to WT apoA-I. (B) Dose curve of cholesterol efﬂux to
lipid-free acceptors. Percent efﬂux is normalized to highest dose of WT. Bars represent
mean ± SE from two independent trials of three replicates. WT apoA-I (●), apoA-I
E198K (○), apoA-I L42,44D (▼), and apoA-I L46,47D (▽).

68

L.E. Smith, W.S. Davidson / Biochimica et Biophysica Acta 1801 (2010) 64–69

4. Discussion
Due to its highly dynamic nature, the determination of a detailed
three-dimensional structure of lipid-free apoA-I has proven difﬁcult.
Only in the last few years have attempts been successful in producing
reasonably detailed models. The ﬁrst of these was generated by using
a fragment sequence threading approach guided by 21 experimental
distance constraints provided by chemical cross-linking [13,16]. This
structure depicted a loosely associated four helical bundle reminiscent of higher resolution structures determined for a fragment of apoE
[26] and intact lipophorin III [27–29]. The C-terminus was predicted to
be almost completely lacking in stable secondary structure, consistent
with assertions that stabilization of an amphipathic helix in this
domain triggers lipid binding. Ajees et al. were successful at producing
an X-ray crystal structure of full length lipid-free apoA-I under
conditions of high concentration and with the additive chromium
tris–acetylacetonate [12]. This structure also depicted an N-terminal
four helical bundle and a separate C-terminal domain. However, the
C-terminus was more highly organized than predicted in the
homology model. Although an important advance, this structure
probably represents a highly stabilized conformation that does not
reﬂect apoA-I's in-solution conformation, as it is not consistent with
a signiﬁcant number of previous experimental observations. For a
detailed discussion of both the homology and X-ray crystal structures,
please see ref. [30].
Although both models of lipid-free apoA-I have their limitations, a
striking feature of both is the relatively exposed patch of hydrophobic
Leu residues at the turn of the ﬁrst and second helix in the N-terminal
bundle. Palgunachari et al. have speculated that apoA-I binds to lipid
surfaces by ﬁrst anchoring its 1st and 10th amphipathic helix into
lipid surface defects followed by subsequent cooperative binding of
the central helices [31]. It is clear from both the homology and crystal
structures that helix 10 (the most C-terminal helix) could be
positioned to participate in such a reaction. However, the availability
of the N-terminal helix, associated with the helical bundle in both
models, is less clear. One could speculate, as Ajees et al. did, that the
unusual exposure of the Leu surface patch might act as an initial
interaction site which triggers an opening of the bundle to allow the
N-terminal sequence to bind lipid. Following this logic, we hypothesized that disrupting this putative patch with negative charges
should decrease the tendency of apoA-I to interact with lipids. Our
results shown in Fig. 3 with apoA-I L(42,44)D and apoA-I L(46,47)D
clearly do not support this hypothesis. In fact, we saw the opposite
result, an apparently enhanced ability to bind lipids for both mutants.
Given that the introduction of such polar residues should have
disrupted the hydrophobic nature of the patch, we conclude that this
site is not likely to participate in initial interactions with lipid. One
possible explanation for the increase in lipid afﬁnity is that our
introduced mutations destabilized the already tenuous thermodynamic stability of the apoA-I helical bundle. It has been suggested that
apoA-I lipid-binding may be driven by a decrease in free energy
provided by lipid contact [32]. Thus, factors that increase the
thermodynamic stability of the lipid-free apoA-I are expected to
decrease the free energy savings gained by lipid binding, i.e., the
protein is less likely to bind lipid. It follows that the decrease in the
thermodynamic stability of the lipid-free protein would have the
opposite effect and tend to drive the equilibrium toward the lipidbound state. Thus, the hydrophobic patch may play a role in overall
stability of the lipid-free protein.
It is interesting to note that, despite clear changes in lipid afﬁnity,
the surface patches did not exhibit differences in ABCA1-mediated
cholesterol efﬂux. Phillips et al. have proposed that apoA-I solubilizes
membrane domains that are generated by ABCA1 activity in addition
to direct binding and stabilization of ABCA1 at the cell surface [14].
They demonstrated a distinct correlation between solubilization of
membrane-like lipid preparations and the degree of cholesterol efﬂux.

In earlier work, we suggested a similar relationship, though this only
held for mutations made in the C-terminal lipid binding helix of apoAI. Indeed, a “helix-swap” mutant was produced in other regions of
apoA-I that exhibited normal ABCA1 cholesterol efﬂux, but impaired
DMPC clearance [21]. Again in this work it is shown that mutations
made in the N-terminal bundle can have signiﬁcant effects on DMPC
lipid clearance, but no effect on ABCA1-mediated cholesterol efﬂux.
Clearly, further work is needed to address the complex relationship of
lipid afﬁnity and cholesterol efﬂux under control of ABCA1.
Our results unambiguously showed that introduction of a positive
charge into the putative negative charge patch had no effect on lipidbinding or cholesterol efﬂux. In contrast to the hydrophobic patch
described above, the existence of such a charged patch is less clear. It
is readily apparent in the crystal structure (Fig. 1), as the residues are
oriented by the relatively organized C-terminal helical domains
apparent in the model. In the homology model, these residues are
predicted to exist in a region of random coil and it seems unlikely that
such a charge cluster could occur in such a dynamic part of the
molecule. Nevertheless, we introduced a positive charge in the middle
of the “patch” as indicated in the crystal structure. Our structural and
functional experiments were unable to detect any consequence of this
substitution. We suggest that, even if such a patch truly exists in lipidfree apoA-I, that it does not play a major role in lipid binding or
ABCA1-mediated cholesterol efﬂux.
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