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The N-Terminal (+44) and C-Terminal (198243) Peptides of Apolipoprotein A-I
Behave Differently at the Triolein/Water Interfdce
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ABSTRACT. Apolipoprotein A-l (apoA-l), the major protein of high-density lipoprotein (HDL), moves
between HDL and triacylglycerol-rich lipoproteins during metabolism. We reported that apoA-I is
conformationally flexible at the triolein/water (TO/W) interface, partially desorbing at low surface pressure
(IT) but totally desorbing afl > 19 mN/m. We now report the different behavior of the N- and C-terminal
peptides of apoA-I ([+44]apoA-I and [198-243]apoA-1) at the TO/W interface. While both peptides

are surface active, [19843]apoA-l is more stable at the TO/W interface. At equilibrium interfacial
tension both peptides desorb from the interface when compressed,-b44]HpoA-I is pushed off at

13 mN/m while [198-243]apoA-I can withstanll = 16 mN/m. Neither peptide is very elastic or flexible

at the interface. Only at small changes of are&%), fast oscillations (4 ah8 s periods), and relatively

low concentrations (2« 107 M) do these peptides show elastic behavior but with a relatively small
modulus compared to that of apoA-lI. When mixed together, they appear not to interact on the surface.
[1—44]ApoA-I binds more rapidly but is replaced by [19843]apoA-I within minutes. We suggest that
when apoA-| partially desorbs from lipoprotein surfaces during lipid metabolism, the N-terminal is the
first to detach while the C-terminal remains on the interface and only desorbs at higher pressures. Thus,
the observations that different domains of apoA-I adsorb or desorb with small variations in surface pressure
make apoA-I a very flexible protein with multiple functions, one of which is to stabilize surface pressure
during lipoprotein metabolism as lipids move in and out of the lipoprotein surface.

Apolipoprotein A-I (apoA-1} is the major protein of high- ApoA-I moves and exchanges among HDLs and triacylg-
density lipoprotein (HDL) and serves to stabilize the HDL lycerol (TAG)-rich lipoprotein particles such as very-low-
particles. Reduced plasma levels of HDL and apoA-l are density lipoproteins (VLDLs) and chylomicrons (CMs)
the key risk factors for atherosclerosis and cardiovascular during lipoprotein metabolisnbj. It exists in at least three
disease). The antiatherogenic function of apoA-l is mainly ~ states during metabolism: (a) lipid free or lipid poor in
related to its critical role in reverse cholesterol transport Plasma, (b) lipid bound on a discoidal nascent HDL particle
during which apoA-I promotes phospholipid and cholesterol that f:_on5|sts of a bilayer of phqsphollplds and free cholesterol
efflux from tissues by binding to specific ATP binding Stabilized by apoA-l, and (c) lipid bound at the surface of a
cassette (ABC) transporters, activates lecithin:cholesterol SPherical lipoprotein particle (HDL or VLDL) that consists

acyltransferase (LCAT) to form HDL cholesterol esters of an apolar core of CEs and/for triglycerides (TGs) and a

. L . .. surface of phospholipids and free cholester6). (The
(CEs), bmds to some lipid transfer proteins to transfer [|p|ds conformational flexibility of apoA-I allows it to adapt to both
between lipoproteins and thus remodel them, and finally

) the polar environment in plasma and the apolar environment
binds to scavenger receptor class B type 1 (SR-B1) to on lipoprotein particles and is essential for its multiple

selectively deliver cholesterol and CE to the liver for f,nciions. It is believed that apoA-! interacts primarily with
excretion into bile £-4). the phospholipid hydrocarbon chains on discoidal HDL and
perhaps spherical HDL, and it is possible that it also interacts
" This work is supported in part by Grant NIH-NHLBI 2P01 with the hydrophobic core of HDL particles and with the
HL26335-21. hydrophobic TG core of VLDLs and CMs.
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L Abbreviations: apoA-I, apolipoprotein A-Il; HDL, high-density ~ €xon 3 followed by 10 11/22-mer tandem repeat amino acid
lipoprotein; ABC transporters, ATP binding cassette transporters; segments encoded by exon 4. These repeats are predicted to
LCAT, lecithin:cholesterol acyltransferase; CE, cholesterol ester; SR- form type A amphipathica-helices 7' 8) that are thought
B1, scavenger receptor class B type 1; TAG, triacylglycerol; VLDL, . L .
very-Iow-de?]sityIiporp))rotein; CM, c);gllomicron;TG,t?i/g%y);:eride;ANv, to serve as the lipid binding motif of apoA-l and act to
airlwater; PC, phosphatidylcholine; O/W, oiliwater; CSP, consensus Stabilize the lipoprotein surface. Sequence analyS)s (
sequence peptide; TO/W, triolein/water; {44]apoA-I, N-terminal (+ crystal structures of truncated and full-length apoAt0,(

44) peptide of apoA-, [198243]apoA-l, C-terminal (198243) peptide 1 9) 339 NMR assignmentsl?, 13) all confirm the high

of apoA-I; DMPC, dimyristoylphosphatidylcholine; apoE-3, apolipo- T T

protein E-3; apoB, apolipoprotein B; EYPC, egg phosphatidylcholine; -helical content of apoA-I but differ somewhat on where
DD/W, dodecane/water. helical segments are positioned within the primary sequence.

10.1021/bi7010114 CCC: $37.00 © 2007 American Chemical Society
Published on Web 10/04/2007




[1—44]ApoA-I and [198-243]ApoA-I at the TO/W Interface Biochemistry, Vol. 46, No. 43, 200712141

The predicted secondary structure of the N-terminai43) and readsorbed when the surface was expanded. CSP was
domain of apoA-I varies from a G* helix from residue 8 to ejected from the interface at about 16 mN/Rbi£y), while
residue 33 &) to three antiparalleB-strands from residue  some part of apoA-I was pushed off the interface at
14 to residue 579). However, a recent crystal structure of ~15 mN/m (Inay, and the entire protein was expelled above
apoA-l (11) shows that residues B9 form a single ~19 mN/m (Io%). This suggested that different parts of
amphipathic helix (helix A) packed in a four-helix bundle apoA-I have different affinities for the triolein interface. In
with three exon 4 derived helices (helices B, C, and E) that addition, our study showed that apoA-1 was more flexible
is very similar to the four-helix bundle formed by the atthe TO/W interface than CSP and showed more elasticity
N-terminal of apoE 14). even at large compression. We suggested that the apoA-I
How apoA-I interacts with phospholipids and combina- flexibility and surface pressure mediated desorption and
tions of phospholipids together with hydrophobic core lipids readsorption probably provide lipoprotein stability during
(TGs, CESs) has been widely studiés] {5—21) using many metabolic remodeling reactions in plasnae)(
different approaches. Deletion mutatio@2<24), synthetic To understand more about the lipid association and
peptides encompassing specific regia2s{27), and “ideal-  cooperation of different domains of apoA-I, we explored the
ized” designed synthesized model peptides of apoa8) ( surface behavior of the N-terminal-{#4) peptide ([+-44]-
have been used to determine the affinity of different segmentsapoA-1) and the C-terminal (19843) peptide ([198243]-
of apoA-l when it binds to phospholipids. Such studies apoA-I) at the TO/W interface. We measured and compared
suggest that different parts of the apolipoprotein might bind the adsorption isotherms, desorption on compression, read-
with different affinities to lipid or lipoprotein surface29, sorption on expansion, and the elastic properties of both the
30). It is generally agreed that the C-terminal region of peptides. Such information will be helpful to understand the
apoA-l (residues 185243) has the highest affinity for  structure of apoA-I on TAG-rich lipoprotein surfaces and
phospholipid and plays a critical role in initiating the lipid the structural changes that occur during remodeling of
binding 22, 29—32). The N-terminal amphipathic region of  |ipoproteins in plasma.
exon 4 (residues 4465) also has a high affinity for
phospholipids, while the middle region of apoA-I has a EXPERIMENTAL PROCEDURES
significant but lower affinity 25). The N-terminal (residues ) . _
1-43) is thought to stabilize the lipid-free apoA-I conforma- _ Materials The N-terminal peptide [t44]apoA-l and the
tion (33), while other research also showed that this region C-terminal peptide [198243]apoA-I of apoA-I were syn-
also has a moderate phospholipid binding abil2g, (34). thesized at anllty Controlled Blochemlcal Inc. (HOpk'II’.1t0n,
Phospholipid monolayers spread at an air/water (A/W) MA) and purified to>95%. The purl_ty was further ve_r|f|ed
interface £5, 35-43) have been used as a unique model by mass spectroscopy. St_ock solutions of both peptides (3
system to study the interaction between apolipoproteins and® M9/mL) were prepared in 2 mM pH 7.4 phosphate buffer.
their peptides with phospholipids. The exclusion pressure At the peptide concentrations used in these experiments (1
(Il), ie., the lowest surface pressure which prevents X 107 to 2 x 10°° M), [1—44JapoA-I appears to be
penetration of the protein or peptide into a phospholipid Monomeric while [198243]JapoA-I is monomeric at low
monolayer, was used to compare the peptide affinities to the concentration 1 x 10°°M) and partly self-associated with
phospholipids. ApoA-I has &l of about 30 mN/m 35). concomitant folding into aq-hellx gt h|gher. concentrations
The I, of eight synthesized tandem repeating 22-mer (26, 27). TQ measure thg interfacial tensmn_of the TO/W
domains of apoA-| at the egg phosphatidylcholine (PC) A/W interface with peptide, varied amounts of _pept_lde stocks were
interface 5) showed that, among the 22-mers, the N- and added to 'the aqueous phase to obtain different peptide
. . - 7 5
C-terminal peptides (4465 and 226-241) exhibited the ~ concentrations (from k 107" to 2 x 10°° M). The pH of
highestITe (28 and 30 mN/m), indicating higher affinity to the aqueous phase was kept at pH 7.4 with phosphate buffer
egg PC, while other central peptides exhibited lovigs (2 mM). Triolein (>99% pure) was purchased from Nu-Chek
values €23 mN/m), indicating lower affinity. A number of ~ Prep, Inc. (Elysian, MN), and its interfacial tension was
consensus sequences of amphipathibelices modeling 32 mN/m. All other reagents were of analytical grade.
different sequences of apolipoproteind,(18, 44) have been Interfacial Tension Measuremerfhe interfacial tension
investigated using thél, technique as well. of the TO/W interface in the presence of different amounts
Until now, only a few studies have concerned the surface of [1—44]apoA-I, [198-243]apoA-I, or a mixture of [+44]-
behavior of apolipoproteins or their consensus peptides ona@p0A-l and [198-243]apoA-I in the aqueous phase was
oil/water (O/W) interfaces to mimic core lipid interfaces of Measured with an I. T. Concept (Longessaigne, France)
lipoproteins 43, 45—48). In a previous study 47), we Tracker oil-drop tensiomete#). Triolein drops (16uL)
investigated the interfacial properties of apoA-l and a were formed in gently stirred pH 7.4 phosphate buffer
synthesized consensus sequence peptide (CSP) of exchangé8.0 mL) containing a given amount of f#4]apoA-I, [198-
able apolipoproteins at the triolein/water (TO/W) interface. 243]apoA-I, or a mixture of [+-44]apoA-I and [198-243]-
CSP consists of two 22-residue tandem repeat sequence8POA-I. The interfacial tensioryf was recorded continuously
mode"ng the central domain of apoA-|_ It is expected to until it approached an equilibrium level. The surface pressure
comprise two antiparallel 20-residue amphipaihibelices ~ (II) was obtained fromy of the interface without peptide
linked by a four-residue proline-containing turn and is an (¥to) minusy of the interface with peptideyfey), i.e., I1 =
idealized fundamental structural motif of exchangeable Yo — Ypep All experiments were carried out at 250.1°C
apolipoproteinsg, 28). Our results clearly showed7) that in a thermostated system.
both apoA-I and CSP bind strongly to the TO/W interface.  Estimation of the Surface Area per Molecule of Peptide
They desorbed from the saturated interface when compressed he equilibrium interfacial tensiory] was obtained for each
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Ficure 1: Examples of the interfacial tensiop)(plotted against time of [£44]apoA-I (A) and [198-243]apoA-I (B) at the TO/W interface.
A 16 uL triolein drop formed in 2 mM pH 7.4 phosphate buffer with different amounts of peptides. All experiments were carried out at 25
+ 0.1°C.

concentrationd) of peptide in the aqueous phase. Then
was plotted against lic and fitted to a straight line. The
slope of the fitted line @/(d In c) gives, according to the
Gibbs equation for the surfacgd), the surface concentration
of an adsorbed molecul®, (mol/cn?) = — (1/RT)(dy/(d In
c))te. The surface area per molecule of pepti® Wwas
calculated fromS (A%molecule) = 1/('N), where N =
Avogadro’s number.

Instant Compression and Expansion of the Interfaces
Once y approached an equilibrium level, the oil drop
(16 uL) was compressed by rapidly decreasing the volume
by as little as 12% (L) or up to 75% (12:L). The sudden
decrease in volumé/f instantaneously decreased the drop
surface aread), resulted in a sudden compression, causing

equilibrium, the areaX) andy changes were followed as
the volume V) oscillated. In the elasticity analysis, the
interfacial elasticity moduluse(= dy/(d In A)), the phase
angle @) between compression and expansion, and the
elasticity real partd) and the elasticity imaginary par'()
were obtainedd = |¢| cosg, €' = |¢| sing) (51, 52). From

the e—I1T plots, information about the binding and the state
of the surface can be gained.

In addition,IT—A plots were derived from the oscillations
corresponding to the oscillation cycles of the compression
and expansion. ThEH—A plot for a pure elastic surface is a
linear curve. The compression and the expansion curves fall
on the same line, and is roughly 0. Thell—A plots for a
viscoelastic surface usually show a hysteresis between the
y to drop abruptly to a certain leve),, and generated an compression and expansion limbs. The more divergence
instant surface pressurBly = yto — Vo, Whereyo is the between the compression and the expansion (i.e., greater
surface tension of pure triolein (32 mN/m). The reduced phase anglep) the more viscous the surface.
volume was held for several minutes and recorded
continuously. Then the surface was expanded by increasingRESULTS
the drop volume back to the original volume and then holding ~ Adsorption of [1-44]ApoA-I and [198-243]ApoA-I onto
it constant for several minutes. After compression, if peptide the TO/W InterfaceParts A and B of Figure 1 are two typical
molecules readily desorbed from the surfagayould rise sets of interfacial tensiortime curves of [+-44]apoA-I and
back toward the equilibrium value (the desorption curve). [198—243]apoA-lI measured at varied peptide concentration
After expansion, if peptide molecules adsorbed from the bulk in the aqueous phase. Both peptides are surface active and

phase to adhere to the newly formed extra surfaagould

drop back toward the equilibrium (the readsorption curve).
Value ofllna To estimate the maximum pressuléf)

that peptide could withstand without being ejected from the

lowered the surface tensiory)( of the TO/W interface
(32 mN/m) to reach an equilibrium level. The equilibrigm
was dependent on the peptide concentration in the aqueous
phase. The higher the peptide concentration, the lower the

interface, a series of compression and expansion experimentgquilibriumy and the less time it took to reach equilibrium.
at different compression and expansion ratios and over a widey of the TO/W interface (32 mN/m) could be lowered by as
range of peptide concentration were carried out. The tensionmuch as 15 mN/m with 9.% 10 M [1—44]apoA-I in the

changes Ay) over the compression period were plotted

aqueous phase (curve not shown) and 17 mN/m withx9.3

against the instant pressure generated right after the comprest0 ¢ M [198—243]apoA-I in the aqueous phase (curve not

sion ([1p), and the data were fitted to a straight line. The
intercept of the straight line &y = 0 gave thdl at which

shown). The observation that [19843]apoA-I could lower
y more than [t+44]apoA-lI at equivalent concentration

the peptide molecules showed no net adsorption or desorp-indicates that [198243]apoA-I has a higher affinity for the

tion; this isTImax (47, 48).

Oscillation of the Interface and the Elasticity Analysis
Two types of oscillations were used, oscillations starting at
equilibrium y (ye) and continuous oscillations during the
adsorption. In equilibrium oscillations the drop volume
(16 uL) was sinusoidally oscillated at varied amplitudes{12
75%) and periods (4128 s) aftery reached an equilibrium
level (ye). In continuous oscillations the drop volume
(16 L) was sinusoidally oscillated at varied amplitudes (6
25%) and periods (432 s) starting several seconds after
the drop was formed. While the mean tensiphféll toward

TO/W interface.

Surface Area per Molecule of {144]ApoA-I and [198-
243]ApoAl. The equilibriumy of [1—44]apoA-| (squares)
or [198—-243]apoA-I (circles) was plotted against the natural
log peptide concentration (It), and the data were fitted to
a straight line (Figure 2). Usually an area between 14 and
25 A2 per residue indicates that the helix is lying flat on the
A/W surface 85). Our results show that the value for{44]-
apoA-l is about 15 Aper residue, while that for [198243]-
apoA-l is about 22 Aper residue. Both values are consistent
with the peptides lying flat on the TO/W surface.
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II, and the change in the interfacial tensiohyj followed for
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point is a separate experiment. Several experiments were carriedseveral minutesAy was plotted againdllo, and the data were fitted

out at each concentration. The surface area ferdd]apoA-l was
estimated at-15 A%aa and for [198-243]apoA-| at~22 A2/aa at
the TO/W interface.
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Ficure 3: Examples of desorption and readsorption curves of
[1—44]apoA-| (A) and [198-243]apoA-I (B) at the TO/W interface.

A 16 ul triolein drop was compressed at different ratios from 12%

to 75% (from 9% to 54% in area) and then after several minutes
reexpanded back to the original volume, /6 (A) [1—44]ApoA-

I was 6.1x 1077 M in the aqueous phase. (B) [19243]ApoA-I

was 5.8x 107 M in the aqueous phase.

6000

Desorption, Readsorption, and th&nax of [1—44]ApoA-
| and [198—243]ApoA-I at the TO/W Interfac®arts A and

to a straight line. The intercept of the fit lines Ay = 0 gives
ITmax at which peptides show no net desorption or adsorplifi.x
of [L—44]apoA-| at the TO/W interface is 13.2 mN/m, whilg,y
of [198—243]apoA-I at the TO/W interface is 16.2 mN/m.

peptide rapidly desorbed from the surface on rapid compres-
sion. On the other hand, expansion after a bigger compression
induced a larger increase ip. When the surface was
reexpanded after a large compressignfose to a value
almost as high as that of an almost empty interface
(~32 mN/m) and then dropped to the equilibrium level again.
For example, on expansion from 4 to @B y immediately
rose to 29.6 mN/m and then gradually dropped back to
19.7 mN/m. This indicated that most of the{44]apoA-I
was pushed off the interface by the 2P compression. For
example, reducing the drog from 16 to 4ulL reduced the
drop A by 54%. Thus, whery. was reached after compres-
sion, only about 46% of the molecules were left on the
surface, so that when the surface was expanded toL16
the empty space allowed the peptide to readsorb from the
aqueous phase. The tension never fell more thamN/m
even at the largest compression, indicating that the peptide
was being expelled from the interface even during the rapid
compression.

[198—243]ApoA-I behaved in a similar way (Figure 3B).
The [198-243]apoA-I concentration in Figure 3B was 5.8
x 1077 M. At smaller compressions (2L) little change in
the tension was detected, while at bigger compressions
(12 uL) the tension dropped from 16.0 to 13.7 mN/m. When

B of Figure 3 are example curves for instant compression expanded from 4 back to 1., y rose to 29.1 mN/m and
and expansion of the interface at a given peptide concentrathen fell back toward the equilibrium. This result suggests

tion aftery reached an equilibrium level. Figure 3A shows
an example for [+44]apoA-I at a concentration of 6.&
107 M. After y approached an equilibrium level, the 26

triolein drop was compressed by decreasing the volume by

2,4, 8, 10, and 12L. Every instant compression mage
decrease, but thenrapidly returned to the equilibrium value.
The drop was then expanded tol6, and every expansion
madey increase immediately. Then it returned back to the
equilibrium value. Smaller compression induced a smaller
change iny, while larger compression induced a slightly
greater fall iny. At smaller compressions such as al?
compressiony dropped from 19.7 to 17.8 mN/m, while, at
bigger compressions such as a AR compression, the

that, like [1-44]apoA-I, [198-243]apoA-I1 is also very easily
ejected from the interface on compression and rapidly
readsorbed when the surface is expanded.

Instant compression followed by reexpansion measure-
ments were made at varied peptide concentrations to get the
ITmax Values for both peptides. Figure 4 shows thiata, of
[1—44]apoA-1 is 13.2 mN/m andlax of [198—243]apoA-

I is 16.2 mN/m. A higherdT is needed to push off [198
243]apoA-I1, indicating that [198243]apoA-I binds to the
triolein/water interface more tightly.

Oscillations and Elasticity Analysis of f144]ApoA-I and
[198—243]ApoA-1 Both equilibrium and continuous oscil-
lation experiments of [£44]apoA-I and [198-243]apoA-I

tension dropped to 16.6 mN/m. The observation that after at several peptide concentrations and different oscillation
every compressiop decreased first and then returned back conditions (amplitudes and periods) were carried out. Figure
to the equilibrium value very quickly indicated that the 5A shows a set ofI—A curves of [198-243]apoA-I which
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Ficure 5: Surface pressuré@lf) versus area plots of [198243]apoA-I (A) and [1-44]apoA-I (B) at the TO/W interface. After the equilibrium
tension §) was reached, a 16L triolein drop was oscillated at 1& 2 uL and different periods from 4 to 64 s. (A) The concentration of
[198—243]apoA-I in the aqueous phase was 2.30°7 M. (B) The concentration of [£44]apoA-I in the aqueous phase was 2.6.0~7

M.

Table 1: Dynamic Interfacial Properties of{#4]ApoA-I at the TO/W Interface

V + AV (uL) V + AV (uL) A+ AA change period meany € ¢ €' €
(design) (actual) (mmn?) in A (%) (s) (mN/m) (mN/m) (deg) (mN/m) (mN/m)
16+2 16.3+ 0.7 30.5+ 0.9 +3.0 4 20.2 334 -1.3 334 -0.8
16+ 2 158+ 1.4 30.0+ 1.7 +5.7 8 20.6 29.5 8.4 29.1 4.3
16+2 16.0+ 1.6 30.0+ 2.0 +6.7 16 21.1 25.7 14.6 24.9 6.5
16+ 2 16.2+ 1.9 29.8+ 2.4 +8.1 32 19.5 21.4 20.9 20.0 7.6
16+2 16.2+ 1.9 39.9+2.4 +8.0 128 18.9 13.0 435 9.4 8.9
16+ 4 16.1+ 1.7 30.1+ 2.2 +7.3 8 21.0 279 6.8 27.6 3.3
16+ 4 16.0+ 3.0 29.8+ 3.8 +12.8 16 215 23.1 10.3 22.7 4.1
16+ 4 16.2+ 3.4 29.7£ 4.3 +14.5 32 20.2 21.4 14.1 20.7 5.2
16+ 4 16.2+ 34 29.7£ 4.3 +14.5 128 19.5 15.7 34.3 12.9 8.8

a All oscillation experiments were carried out on the TO/W interface in 2 mM pH 7.4 phosphate buffeera®25°C. [[1—44]apoA-1]= 2.6
x 1077 M. Definitions: V, initial drop volume;AV, oscillation amplitude; meagm, mean interfacial tension of near-equilibrium oscillatien;
viscoelastic modulusp, viscous phase angle, a phase difference betweemd dA; €', elastic component, the real part of the moduls viscous
elastic component, the imaginary part of the modulus.

Table 2: Dynamic Interfacial Properties of [19843]ApoA-I at the TO/W Interface

V+ AV (uL) V+ AV (ul) A+ AA change period meany € ¢ € €'
(design) (actual) (mn?) in A (%) (s) (mN/m) (mN/m) (deg) (mN/m) (mN/m)
16+ 2 16.2+ 0.9 295+ 1.1 +3.7 4 16.6 14.6 —-5.3 14.5 -1.4
16+2 16.4+ 1.4 29.8+1.8 +6.0 8 17.0 145 1.7 145 3.70.4
16+ 2 15.841.8 29.0+ 2.2 +7.6 32 17.0 11.2 16.0 10.8 4.03.1
16+2 16.3+ 1.8 29.6+ 2.6 +8.8 64 17.0 10.2 20.1 9.5 35
16+ 4 15.8+ 1.8 28.8+£ 2.3 +8.0 8 17.1 13.8 3.6 13.8 0.9
16+ 4 16.4+ 34 29.3+t 44 +15.0 32 17.7 13.0 12.0 12.7 2.7

a All oscillation experiments were carried out on the TO/W interface in 2 mM pH 7.4 phosphate buffedad25°C. [[198—243]apoA-1]=
2.3 x 1077 M. Definitions: V, initial drop volume;AV, oscillation amplitude; meap, mean interfacial tension of near-equilibrium oscillatien;
viscoelastic modulusp, viscous phase angle, a phase difference betweemd dA; €', elastic component, the real part of the moduls viscous
elastic component, the imaginary part of the modulus.

were derived from the oscillations at #62 L and periods M are listed in Table 1, while the data for [19243]apoA-

from 4 to 64 s. Only at short periods of 48 s werd 1—A lat 2.3x 107 M are listed in Table 2. In comparison with

curves linear, suggestive of an elastic surface, while at longerother peptides (the consensus sequence peptide of apoB, P12,

periods, hysteresis between the compression and the expanP27, and the consensus peptide of apoA-l, CSP) and proteins

sion limbs was present, which indicated a viscoelastic (apoA-l and apoB) that we have studied5{-48), both

surface. Figure 5B shows similar trends in a sefiBfA [198—243]apoA-I and [t-44]apoA-I have a relatively low

curves of [I-44]apoA-1 that were derived from the oscil- modulus £15 and<35 mN/m, respectively) with a relatively

lations at 16+ 2 uL and periods from 4 to 16 s. Plots derived large phase angle (over 4 some cases), which indicates

from larger amplitude (16t 4, 8, and 12uL) oscillations that both [198-243]apoA-I and [+44]apoA-I behaved in

for both peptides showed a much bigger hysteresis, indicatinga rather viscoelastic manner. Only at very short periods (4

a more viscous component was added to the system (datar 8 s) and a very small area change8@o) did the peptides

not shown). show elastic behavior (phase angte$0°). However, both
Oscillations at different amplitudes, different periods, and [1—44]apoA-I and [198-243]apoA-I still roughly follow the

varied peptide concentrations were carried out thoroughly. rules we established in our previous studids, @7) that

The elasticity analysis data for{#44]apoA-l at 2.6x 1077 the bigger the amplitude, the longer the period, the smaller
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307 A, [[198-243]apoA-=2.3x10" M 357 B.[[1-44]apoA-1=2.6x10"" M
25 | —e— 16-/+1ul, 32sec 304 16-+2ul
—m— 16-/+2ul, 32sec —@— 8sec
20 —O— 16-/+2ul, 64sec e 251 —m—16sec
’g —0O— 16-/+4ul, 32sec_ GO 1S 20 16-/+4ul
> 151 > —0—8sec
[= £ 15| —0—16sec
~ 101 w —A—32sec.
w 10 10
51 _
5 (0]
0-+— T T T T T T T T 0 T T T T T T T
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12
I1 (mN/m) 1 (mN/m)

Ficure 6: Elasticity modulus€) versus surface pressurHY plots for [198-243]apoA-I (A) and [1-44]apoA-I (B) at TO/W interface.

Data derived from continuous oscillations at varied amplitudes and periods are very similar for the same peptide but are different between
[1—44]apoA-I and [198-243]apoA-I. (A) [198-243]apoA-I was 2.3x 10~’M in aqueous phase; (B) {i44]apoA-I was 2.6x 10-'M in

aqueous phase.

the modulus, and the bigger the phase angle, indicating a
relatively more viscous system.

The simplest explanation for the nonelastic part of the
modulus or imaginary elastic modulus') is that the peptide
is pushed off the surface on compression and readsorbs in
expansion s@I is not constant as it should be in an elastic
surface.

The modulus versus surface presswell) plots were
derived from continuous oscillations for [19243]apoA-I ) , ; ,
(Figure 6A) and [+-44]apoA-I (Figure 6B), corresponding 200 400 600 800 1000
to oscillations at varied amplitudes and varied periods. For Time (sec)
each peptide, despite different amplitudes and periods, theFicure 7: Interfacial tension versus time curves for-{44]apoA-
e—I1 plots were similar. However, the plots were different |, [198—243]apoA-I, and the mixture of [244]apoA-I and [198-
between the two peptides, which indicates that the two 2431apoA-l. (@) [I-44]ApoA-l was 1.2x 10 ° M in the ageous

. . - phase. (b) [198243]ApoA-l was 1.2x 10°® M in the ageous
peptides behave differently at the TO/W interface. There are phase. (c) Equal amounts off#4]apoA-l (1.2 x 10-6 M) and

two regions on the [198243]JapoA-I plots (Figure 6A).  [198-243JapoA-l (1.2x 106 M) were mixed together in the
When the surface pressure is between 0 and 11 mN/m, theagueous phase. The inset shows the tension versus time curves in
plot is linear and shows a 2:1 modulug (o pressurel{l) the 0-200 s region.

ratio, a ratio characteristic of an elastic surfaéd, (52).

However, when the pressure is greater than 12 mN/m, S
decreases sharply, indicating a major change at the interface.wls'5 mN/m. T_he_ shape and the slopg of the curve in this
art are very similar to those of the first part of curve a.

We speculate that since the C-terminal peptide self-associate ] i e
hen the tension fell slowly with a shape and slope similar

at high concentrations in the bulk agueous phase that h tth ; b. Finall hed
compression at pressures beyond about 10 mN/m may caus t 10S€ 0 the same part in curve b. Fina y, CUrVe c reache
equilibrium at the same level as curve b. This result suggests

some surface self-association and give rise to a collapselike

phenomenon of aggregates between 10 and 15 mN/m befordnat when the mixture of ft44JapoA-1 and [198-243]apoA-
being ejected from the surface. This change is not seen on! Was added to the aqueous phase;44]apoA-l adsorbed

the [1—44]apoA-I plots (Figure 6B). [+44]ApoA-I simply ~ more rapidly onto the interface and lowergd toward
shows a linear change with the ideal 2:1 ratio for an elastic ~19 MN/m, and then [£44]apoA-l was displaced by [198

surface till the pressure reaches 10 mN/m. At 12 mN/m, the 243]ap0A-l, causing to fall gradually to the equilibrium
molecules were pushed off the surface with the Hijend tension of [198-243]apoA-I. This is consistent with [198

3
@

Cc

3

Interfacial tension, y (mN/m) |
(4

50 100 150 200 |
Time (sec)

Interfacial tension, y (mN/m)

of each oscillation and were lost from the surface. 243]apoA-I having a higher affinity for the TO/W interface,
Adsorption of Mixtures of [+44]ApoA-I and [198-243]- displacing [1-44]apoA-I W.Ith time. In other WO.I’dS, [r44]-

ApoA-I onto the TO/W Interfac&o investigate how [+44]- apoA-| adsorbs onto the interface faster, while [+243]-

apoA-l and [198-243]apoA-l interact with each other on @POA-l makes the interface more stable.

the TO/W interface, we added equal amounts of44]- Instant compression and expansion experiments with the

apoA-l and [198-243]apoA-I (1.2x 1078 M each) to the mixture of [1-44]apoA-l and [198-243]apoA-I in the
aqueous phase and comparedthgime curves with those  aqueous phase were carried out, and lihgy value was
of the individual peptides. Figure 7 shows the tensitime measured. The data points of tie/—II, curve for the
curves of [1-44]apoA-l (1.2x 10°® M), [198—243]apoA-I mixture were very similar to those for [19843]apoA-I (see
(1.2 x 1075 M), and the mixture of [+44]apoA-I and [198- Figure 4) and different from those for fi44]apoA-I (data
243JapoA-Il. By 90 sy fell to 19.0 mN/m with [}-44]apoA- not shown). Elasticity analysis by equilibrium oscillations
| (curve a), while [198-243]apoA-I lowered’ to 15.9 mN/m for the mixture was also similar to that of [19243]apoA-
by 160 s (curve b). The mixture of {i44]apoA-I and [198- | but not that of [1-44]apoA-I. These results suggest that
243]apoA-| lowered the tension to 15.7 mN/m (curve c). the interface was occupied with [19243]apoA-I when it
In the first part of curve c, the tension fell rapidly to reached an equilibrium level.
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DISCUSSION molecules is too small to adequately cover the core, then
o . o apolipoproteins must fill in to stabilize the surface.
The lipid binding functions of apoA-l and individual Until recently, most of the quantitative research on

segments of apoA-I suggest that different parts of this gpolipoproteins on interfaces has been carried out at the AW
apolipoprotein might bind with different affinities to lipid  interface. Only a few studies have looked at surface behavior
or lipoprotein surfaces20—33, 47). of apolipoproteins or their consensus peptides on the O/W
First, lipid monolayers spread at an A/W interface have interfaces to mimic core lipid interfaces of lipoproteids$,(
been used to study the affinity of apolipoproteins and their 45—48). Using a novel surface technique of oil drop
fragment peptides for various phospholipid or phospholipid/ tensiometry, we have studied the interfacial properties of
cholesterol monolayer29, 35—43). This technique models  apoA-I and a synthesized 44-residue CSP modeling the exon
binding of peptides to a flat putative lipoprotein surface and 4 domain of apoA-I at the TO/W interfacetq) and at
gives an important assessment of peptide penetration intododecane/water (DD/W) and A/W interfaced5|. We
and binding to the monolayer. The N-terminat-33 aa measured the adsorption isotherms, studied the desorption
region with alle of 27 mN/m shows a moderate lipid binding and readsorption behaviors, and analyzed the elasticity
affinity to the egg PC monolayer, while the C-terminal [220  properties of apoA-I and CSP to describe how they interact
241]apoA-I binding is greater (30 mN/m). While the N- and with hydrophobic interfaces (TO/W, A/W, and DD/W). Our
C-terminal are shorter than those studied in this work, the results 47) showed that CSP binds strongly to these surfaces
trend is similar; i.e., the C-terminal binds more strongly than but is pushed off at high pressurBlfax = 16 mN/m for
the N-terminal 25, 34). TO/W). ApoA-| also binds to the TO/W interface. A part of

A second technique mixes peptide with multilamellar apoA-l is expelled from the surface atl5 mN/m but can

surface lipid vesicles, follows the rate of clearing, and snap back on rapidly. The whole apoA-I molecule desorbed

observes the size and shape and the inferred structure of thinto thehaqueous solution \;]vhen dcompressecltl ak?qve 19 T}N/
stabilized particlesy, 15—21). These studies give informa- m. fFurt ﬁrmore, ap_o@-l showe grea;lter.glgstlcnhy O? the
tion about the kinetics of interaction and the type of particle surface than _CSP’ Indicating a grgat exibility. T erelore,
formed. Zhu and Atkinsor2g, 27) demonstrated that {144]- apoA-l has dlffergnt parts V\,’h'Ch bind more or less t|ghtly
apoA-l interacts with dimyristoylphosphatidylcholine (DMPC) to the surface, which allows it a great flexibility over a fairly
over a wide range of lipid:peptide ratios to foril00 A harrow surface pressure range {2 mN/m). We suggest_ed
diameter disklike particles that coexist with a heterogeneousthat the_ apoA-| flexibility .and surface pressure .med|ate_d
population of lipid vesicles at high ragoCompared to the desqr.ptlon f”md readsorp'uon probably proylde _I|poprote|n
unfolded structure in solution, f444]apoA-l has 60% stability during metabolic remodeling reactions in plasma.

o-helical content on both the disklike particles and vesicles. q To pont|fnue tX Iexplé)rel_the |nter_act|0n|_k|J(et\_/veer; dlffe_rreon/t
In contrast, the C-terminal [19843]apoA-I showed a very omains of apoA-l and a lipoprotein corelike interface (

strong affinity for DMPC and formed two sizes of discoidal w), we studied_ the surface behavior of the exon 3 c_oded
HDL-like particles(110 and 165 Adepending on the initial N-terminal peptide [+44]apoA-l and the C-terminal peptide
lipid:peptide ratio. Both complexes are similar to those of [198-243]apoA-l and compared them to CSP and the whole

plasma apoA-I/DMPC complexes, which suggests that the apoA-I.

C-terminal peptide may be responsible for apoA-I function Our studies S.hOW that both N- gnd C-t.ermlnal_ peptides
in the formation and maintenance of HDL subspecies in are surface active and lower the interfacial tension of the

plasma. TO/W interface in a time- and concentration-dependent

) . . , fashion (Figure 1). At each given concentration an equilib-
A third strategy uses preformed lipid emulsions of defined 1, ., is reached that decreases with the natural log of the

composition and size as model lipoproteins to study peptide ¢oncentration in a linear fashion that allows the interfacial
binding (, 29, 30). This has the advantage that the model ¢, centration and area for the peptides to be estimated from
emulsions contain core molecules (€.g., TAG or CE) as well e Gipbs absorption isotherm (see the Experimental Pro-
as surface molecules. The idea that certain domains of anceqyres). Both peptides have reasonable surface ared$of
apolipoprotein might desorb leaving another domain attached g ~.22 A2 per amino acid for [+44]apoA-I and [198-

(53 was tested on egg phosphatidyicholine (EYPC)ITO 243]apoA-I, respectively (Figure 2). These areas are in the
emulsions for apoE-45¢). Saito et al. showed that both N-  same range as those measured by several other std8)es (
and C-terminals of apoE-4 were bound to EYPC/TO emul- anq are consistent with the areacshelices lying flat on an
sions at low protein saturation but that the N-terminal jnterface. [198-243]ApoA-l, however, is more surface active
detached at high protein concentration, leaving the peptide ang has a higher affinity to the TO/W interface thar-f4]-
attached by the C-terminal. We suggested that the N-terminalapoA_L It lowers the interfacial tension at its maximum
desorption might be mediated by an increased surfacecgncentration 9.7 x 106 M) to about 15 mN/m, while

pressure produced by an increase in peptide concentratior[1_44]apoA_| does not fall below 17 mN/m at an equivalent
at the EYPC/TO interfaced(), but the changing surface  concentration 9.3 x 1076 M).

pressure is difficult to estimate in emulsion syste# §5). Both [1—44]apoA-I and [198-243]apoA-I desorbed rap-
A similar concept of N-terminal dissociation has been put jgly from the interface upon instant compression as shown
forward for apoA-I €9, 30). by the rapid return to the equilibriuny. Upon instant

It is reasonably assumed that apoA-l and other apolipo- expansion they readsorbed to the interface rapidly to
proteins interact with the surface-located phospholipids, but reestablish the equilibrium (Figure 3). Following a large
it is also possible that they interact with core molecules such compression (12L, ~54% in area), reexpansions caused
as TAG or CE. Certainly, when the number of surface lipid to rise to ~30 mN/m, indicating a very low surface
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concentration. This means that a large fraction of the peptide
was pushed off the surface at the compression stage. Upon
compression of both peptides, the tension did not drop much
from equilibrium and returned back to equilibrium very
quickly, indicating a very fast desorption process to maintain
an equilibrium surface with the same surface concentration.
In our previous study47), CSP and apoA-l showed very
different desorption curves, in which the tension dropped
first and then rose more slowly back to a certain level but
not to the equilibrium level within 10 min after compression.
This suggests that CSP and apoA-I could stay compressed
on the surface with a higher surface concentration, while
[1—44]apoA-I and [198-243]apoA-I cannot stand a com-
pression state beyond their equilibrignand are more easily
pushed off the surface.

[1—44]ApoA-1 and [198-243]apoA-I differ in the de-
sorption process in terms of thé,. value, the pressure at
which the peptide begins to be forced off the surface into
the aqueous phasdln. of [198—243]apoA-l is about
3 mN/m higher than that of [44]apoA-I (16.2 vs 13.2 mN/

m). Thus, [+-44]apoA-l is a good candidate for early
detachment from the lipoprotein as the pressure moves above
13 mN/m, whereas [198243]apoA-l appears to remain
bound at relatively higher pressures.

The adsorption isotherm of the mixture of an equal amount
of [1—44]apoA-I and [198-243]apoA-I showed a combined
behavior of the two (Figure 7). It appears that the-{4]-
apoA-I bound more quickly to the TO/W interface and then
was replaced by [198243]apoA-I within 2 min. There is
no evidence that [198243]apoA-I and [t-44]apoA-I

with the suggestions that [19&@43]apoA-I is more stable

Biochemistry, Vol. 46, No. 43, 200712147

[1-44]apoA-I;
DEPPQSPWDRVKDLATVYVDVLKD
SGRDYVSQFEGSALGKQLNL-amide

A
1 44
\
\M
3G
® X5

215 ‘ ."-__“
VL7 N

AGy._,o= -1.47Kcal/mol

Ficure 8: Amino acid sequence, structure (A), amdhelical wheel
! ’ " (B) of residues 44 of apoA-l. The structure of residues-44
interacted with each other. Data on desorption and read-was adapted from the crystal structure of full-length apoAd) (

sorption, thellnax value, and elasticity analysis (data not and presented in Swiss-PDBViewer. According to the crystal
shown) of the mixture of the two peptides are all consistent Structure determinatiori.g), [1—44]apoA-I contains am-helical

structure from 10 to 39, so the-helical wheel was drawn for
residues 16-39. The hydrophobic residues are in yellow, the basic

on the interface than f44]apoA-I. residues are in blue, the acidic residues are in red, and all other
[1—44]ApoA-l and [198-243]apoA-I also present some- residues are without color. The meats for moving the hydro-

what differente—IT plots derived from continuous oscillation

phobic face from the water phase to the oil pha&&-_.c) was
calculated on the basis of this helical structure from residues 10 to

experiments. The maximura occurs for both at d1 of 39 and is—1.47 kcal/mol.

~12 mN/m, bute is significantly greater for [+44]apoA-I
than [198-243JapoA-1 (~33 vs 20 mN/m). Since [t44]-

At surface saturation, f(t44]apoA-I and [198-243]apoA-

apoA-I has a higher surface density (1 aa/15 A) than {198 | are both rather inelastic and easy to displace from the
243]apoA-I (1 aa/22 A), an equal increasdIrshould give surface, while apoA-I is more elastic and flexibir). Both

rise to a largere for the N-terminal. At pressure up to [1—44]apoA-I and [198-243]apoA-I tend to have larger
~10 mN/m both peptides behave elastically and have/a d phase angles and smaller modulus at similar changes in area
dIT ~ 2. Above 10 mN/m thee of [1—44]apoA-l rose compared to apoA-I.

abruptly to ~33 mN/m, while that of [198243]apoA-I

Part of the different behaviors of {#44]apoA-I and [198-

plateaus at~20 mN/m and then falls at higher pressures, 243]apoA-I at the interface can be explained by the differ-
suggesting some nonelastic change in the surface. We note@nces in the change in surface free energy which occurs when
that, in solution, at a concentration of (2.3.6) x 10’ M the peptides bind to the TO/W interface. At the peptide
both peptides are monomeric, but [19343]apoA-1 tends concentrations used in these experimentsx (107 to 2 x

to self-associate at concentrations above 1076 M, while 105 M), [1—44]apoA-I appears to be monomeric, while
[1—44]apoA-I is monomeric up to almostd 1074 M (26, [198—243]apoA-I is monomeric at low concentration
27). Itis possible that when [244]apoA-I and [198-243]- x 1078 M) and partly self-associates with concomitant

apoA-| bind to the TO/W interface, [#44]apoA-l remains  folding into ana-helix at higher concentrationg, 27). The
monomeric while [198 243]apoA-I molecules interact with  surface tensiony) of the TO/W interface £32 mN/m) is
each other to form surface aggregates when the surfacereduced when the peptide binds, and the change in free
concentration is increased d3 becomes greater than energy can be roughly estimated fraxhGro = (Ay)(AA),
~10 mN/m. This putative surfaegeptide interaction might ~ whereAy is the change iy from that of a pure TO surface
explain the collapselike region betweBn= 12 mN/m and (32 mN/m) to they with peptide bound to the TO surface.
IT = 16 mN/m seen in the—II plot (Figure 6A) of [198- The increment in area\A) can be estimated by the surface
243]apoA-I. area occupied by the amphipathiehelix at the interface,
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[198-243]apo-I:
EHLSTLSEKAKPALEDLRQGLLPVLESFKVSFLSALEEYTKKLNTQ-amide

A B F 242
G 108 WA N 213 198 N W

g :

ii c 242 -
SD 2079WRWWYN 198 "\,\\W

243

AGy_o= -2.32Kcallmol  AG,,_= -2.79Kcal/mol AGy._, o= -2.55Kcal/mol

Ficure 9: Amino acid sequence, secondary structures, afetlical wheels of whole and partial segments in the C-terminal residues
198-243 of apoA-l. The structures of each helix in (XC) were adapted from the crystal structure of full-length apoAt) &nd presented

in Swiss-PDBViewer. Secondary structures in (F) and (G) were modeled by using Swiss-PDBViewer. Helical wheels were drawn on the
basis of different-helical segments in the crystall), and AG for moving the hydrophobic face from the water phase to the oil phase
(AGw—o0) was calculated accordingly. In helical wheel plots, the hydrophobic residues are in yellow, the basic residues are in blue, the
acidic residues are in red, and all other residues are without color. (A) Structure of the C-terminal of apoA-I from residue 198 to residue
243 in the crystal11). The hydrophobic residues are shown as sticks and reside between the two helix bundles. (B) Structure of the first
o-helix from residue 198 to residue 213. (C) Structure of the seeohdlix from residue 219 to residue 242. (D) Helical wheel for the
helical structure from residue 198 to residue 2A&,y—o for this helix is—2.32 kcal/mol. (E) Helical wheel for the helical structure from
residue 219 to residue 24AGy-.o for this helix is—2.79 kcal/mol. (F) Structure modeled as the two-helix bundle between residue 198
and residue 242 opened up as if bound to lipids. (G) Structure modeled assuming that residues from 198 to 242 fouwhelicalg
structure. (H) Helical wheel assuming helical structure from residue 198 to residue 242 as modeled in (G). This shows a long, type A
amphipathica-helix with a AGy-—.o of —2.55 kcal/mol.

which varies between 15 and 22/fesidue depending on  for [198—243]apoA-I than [+44]apoA-l. To estimate the
the experiments. When thehelical peptide is bound to the  total energy change on binding, the fact that the hydrophobic
interface, the amino acids on its hydrophobic face bind to amino acids on the putative hydrophobic face are exposed
the hydrophobic TO surface. If we assume that roughly half to water in the bulk aqueous system at concentration
of the amino acids are on the hydrophobic surface, each<10® M must be considered. If these amino acids are
hydrophobic residue would occupy roughly 38 the TO transferred to an oily interface (e.g., TO) and form an
interface. Thus, for every hydrophobic residue binding to amphipathic a-helix, the total free energy of peptide
the TO surface, we would lose30 A2 of the TO/W interface interfacial binding will be reduced further by removing these
(i.e., AA ~ 30 A?). Note that 30 & also corresponds to the  hydrophobic residues from water. As a rough approximation
approximate area of one oleate chain in TO at the A/W one can sum the individual free energies for transfer of
interface. As a first approximation for fi44]apoA-I, the hydrophobic residues from water to oAGw-—o) for all of
minimum surface tension is 17 mN/m, which giveAp of the amino acids in the putative hydrophobic face of the helix
—15 mN/m. Therefore, the change in free energy in the TO and divide by the number of residuéss). According to the
surface on hinding of the peptideAAG) would be crystal structure of the full-length apoA-11), residues 16
—0.65 kcal per hydrophobic amino acid residue (39. &or 39 form ana-helix structure (Figure 8), giving about 65%
[198—243]apoA-1,Ay is —17 mN/m, which gives aAAG helix for [1—44]apoA-I. Thus, for [+44]apoA-l such a

of —0.74 kcal/30 A. ThusAAG is slightly more favorable  calculation yieldsAGy-—.o = —1.47 kcal/mol of hydrophobic
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face residues. Assuming that [19843]apoA-I is a single, In summary, both [+44]apoA-l and [198-243]apoA-I
long amphipathic helix (Figure 9G,H), teGy, .o of [198— are surface active at the TO/W interface. [$ZB3]ApoA-
243]apoA-I is—2.55 kcal/mol of hydrophobic face residues | is more stable at the TO/W interface. Both peptides desorb
or somewhat more favorable than that for-d4]apoA-I. from the interface when compressed, but-f4]apoA-I is

The total free energy involves the energy gained on removing more easily pushed off the interface withnax 0f 13 mN/m,
the 30 & of pure triglyceride surface from water and while [198—243]apoA-I can stand a higher pressure of 16
covering it with peptide plus the favorable energy obtained mN/m. Neither peptide is very elastic or flexible at the
by removing the hydrophobic residues from the aqueous interface. Only at small changes of area8), very fast
phase and placing them in the oily triglyceride surface. oscillations (4 ad 8 s periods), and relatively low concentra-
Therefore, the total energy gained from-44]apoA-I would tions (2 x 1077 M) do these peptides show a small phase
be approximately-2.1 kcal/mol of hydrophobic amino acids, angle indicating a limited elastic behavior but with a
and that for [198-243]apoA-I would be about-3.3 kcal/ relatively small modulug compared to those of apoA-I and
mol. Thus, there is a significant difference in calculated CSP @7). When mixed together, they do not appear to
favorable energies produced when these peptides bind to thenteract with each other on the surface-f4]ApoA-I binds
surface. [198-243]ApoA-I binding is clearly energetically  more rapidly but is apparently replaced by [19B13]apoA-
more favorable. The differences in the energies probably | within 2 min. They show different adsorption processes.
partly account for the greater pressufgn,) needed to push ~ We suggest that when apoA-l detaches from lipoprotein
[198—243]apoA-I off the interface. It also explains how surfaces during lipid metabolism, the N-terminal might be
[198—243]apoA-I can displace the N-terminal peptide at the the first part to detach, while the C-terminal will stay on the
TO/W interface. interface and only detaches at higher pressure at a later stage.
We have shown47) that apoA-l compressed at the TO/W  Thus, different domains of apoA-I adsorb and desorb upon
interface starts to be partially displaced at a pressure slightlyvaried pressure and cooperate with each other to make
under 15 mN/m, but cannot be totally ejected from the apoA-I a very flexible protein with multiple functions, one
triolein interface until the pressure is greater than 19 mN/m. of which is to stabilize surface pressure within a limited range
We would suggest that one of the first amphipathic regions as lipids move in and out of the lipoprotein surface.
to be ejected during pressure changes in lipoprotein interfaces
involving apoA-l adsorption to core lipids would be the ACKNOWLEDGMENT
N-terminal, while the C-terminal may serve to partly anchor
remaining protein to the interface until higher pressures are
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