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ABSTRACT. This study examines hepatic lipase (HL) mediated phospholipid hydrolysis in mixtures of
apolipoprotein-specific, spherical reconstituted high-density lipoproteins (rHDL). We have shown previously
that apolipoprotein A-I (apoA-1) and apoA-Il have a major influence on the kinetics of HL-mediated
phospholipid and triacylglycerol hydrolysis in well-characterized, homogeneous preparations of spherical
rHDL [Hime, N. J., Barter, P. J., and Rye, K.-A. (199B)Biol. Chem. 27327191-27198]. In the present
study, phospholipid hydrolysis was assessed in mixtures of rHDL containing either apoA-I only, (A-1)-
rHDL, apoA-Il only, (A-IrHDL, or both apoA-l and apoA-Il, (A-I/A-I)rHDL. The rHDL contained

trace amounts of radiolabeled phospholipid, and hydrolysis was measured as the formation of radiolabeled
nonesterified fatty acids (NEFA). As predicted from our previous kinetic studies, the (A-Il)rHDL acted
as competitive inhibitors of HL-mediated phospholipid hydrolysis in (A-l)rHDL. Less expected was the
observation that the rate of phospholipid hydrolysis in (A-1)rHDL was enhanced when (A-l)rHDL were
also present in the incubation mixture. The rate of phospholipid hydrolysis in (A-I/A-Il)rHDL was also
greater than in (A-IrHDL, indicating that apoA-I enhances phospholipid hydrolysis when it is present as
a component of (A-I/A-1)rHDL. It is concluded that apoA-I enhances HL-mediated phospholipid hydrolysis
in apoA-Il containing rHDL, irrespective of whether the apoA-I is present in the same particle as the
apoA-ll [as in (A-I/A-IDrHDL] or whether it is present as a component of a different particle, such as
when (A-)rHDL are added to incubations of (A-ll)rHDL.

Hepatic lipase (HD)is a lipolytic enzyme found predomi-  transgenic for human HL7j. There is evidence that the
nantly on the surface of hepatic sinusoids HL possesses  phospholipase Aactivity of HL is important in the uptake
both triacylglycerol hydrolase and phospholipaseétivity of HDL cholesteryl esters (CE) by the live8,(9). HL is
and is involved in the metabolism of chylomicron remnants, also involved in the selective uptake of HDL-CE via the
very low density lipoproteins, intermediate density lipopro- scavenger receptor Bl in a process that is independent of its
teins, low-density lipoproteins, and high-density lipoproteins lipolytic activity (10). HL also mediates the dissociation of
(HDL) (2, 3). The role of HL in HDL metabolism is of  lipid-poor apolipoprotein (apo) A-I from HDL1(1).
particular importance, as shown by strong negative associa- Many investigators have shown that apolipoproteins influ-
tions between HL lipolytic activity and plasma Hblevels ence HL activity. Thuren et al. demonstrated that while apoA-
(4—6) and the dramatic reduction in the HDL levels of rabbits |, A-1l, C-I, C-ll, C-lll, and E all inhibit HL-mediated
hydrolysis of phospholipids in monolayers maintained at high
T This research was supported by the National Health and Medical surfa}ce pressure, ""PF’A"' C-1, Q”_l’ and E activate HL-
Research Council of Australia (Grant 9936240) and the National Heart mediated phospholipid hydrolysis in monolayers at low

Foundation of Australia, Postgraduate Science Research Scholarshipsurface pressurel®). A number of studies have focused on

(Grant PS96A 0430). K-AR. Is a Senior Career Research Fellow of the role of apoA-ll in HL-mediated phospholipid and
* Address for correspondence: Lipid Research Laboratory, The {riacylglycerol hydrolysis. These studies have produced

Hanson Centre, Frome Road, Adelaide, South Australia, Australia. conflicting results. For example, lipid-free apoA-II has been
Ielepgneit ?}1-8}8222-3448- Fax:  61-8-8222-3154. E-mail: reported to both increas&3) and decreasd ) HL-mediated
arye@camtech.net.au. : PO - . . .
* Department of Medicine, Royal Adelaide Hospital, University of triacylglycerol hydrolysis in IIplq e.mU|S|0n5' Shl.nomlya et
Adelaide. al. showed that when apoA-Il is incorporated into HDL
the ability of HL to hydrolyze the triacylglycerol in the

§ Lipid Research Laboratory, The Hanson Centre.
' Division of Cardiovascular Services, Royal Adelaide Hospital.

1 Abbreviations: HL, hepatic lipase; HDL, high-density lipoproteins;
HDL, high-density lipoproteins, subfraction 2; CE, cholesteryl esters;
apo, apolipoprotein; rHDL, reconstituted high-density lipoproteins;
LCAT, lecithin:cholesterol acyltransferase; PLTP, phospholipid transfer
protein; POPC, 1-palmitoyl-2-oleoylphosphatidylcholine; UC, unest-
erified cholesterol; DPPC, 1,2-dipalmitoylphosphatidylcholine; TBS,
Tris-buffered saline; BSA, bovine serum albumin; NEFA, nonesterified
fatty acids.

10.1021/bi0016671 CCC: $20.00

particles is inhibited 15). There is also evidence that HL-
mediated liberation of nonesterified fatty acids (NEFA) from
HDL containing both apoA-1 and apoA-Il, (A-I/A-II)HDL,

is greater than from HDL containing only apoA-I, (A-1)-
HDL (16, 17). Studies of mice that are either transgenic for
human apoA-Il 18, 19) or deficient in apoA-Il 20) also
suggest that apoA-Il inhibits HL activity.
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In a previous study we examined the underlying reasons gradient was used to elute HL from the hepat8epharose
for these confllicting result2Q1). In that study we used well-  Fast Flow columnZ1). The purified HL appeared as a single
defined, homogeneous preparations of spherical reconstitutedband following SDS-polyacrylamide gel electrophoresis on
HDL (rHDL) containing either apoA-I or apoA-Il as the sole a 20% homogeneous PhastGel (Amersham Pharmacia Bio-
apolipoprotein constituent to show that, while tiga.x of tech) and staining with Coomassie Blue. HL activity was
phospholipid hydrolysis is greater for (A-)rHDL than for assessed as the nmol of NEFA generated (mL of Mhb)*
(A-1rHDL, the affinity of HL for the phospholipids in (A- using spherical rHDL containing triacylglycerol in their core
INrHDL is greater than for the phospholipids in (A-)rHDL as a substrate2(). NEFA mass was assayed using a
(21). Those results indicated that apoA-ll-containing HDL commercially available kit (Wako Pure Chemical Industries,
may act as competitive inhibitors of HL-mediated phospho- Osaka, Japan). The HL activity in the individual experiments
lipid and triacylglycerol hydrolysis in HDL that contain is presented in the figure legends.
apoA-I. Preparation of Unlabeled Spherical (A-)rHDL and (A-

In the present study we have shown that apoA-lI- I)rHDL. Discoidal rHDL containing POPC, UC, and apoA-|
containing HDL are indeed competitive inhibitors of HL- Wwere prepared by the cholate dialysis meth@).(Spherical
mediated phospholipid hydrolysis in (A-)rHDL. This was rHDL containing CE as the only core lipid and apoA-I as
achieved by incubating mixtures of (A-)rHDL and (A-1)- the sole apolipoprotein constituent, (A-)rHDL, were pre-
rHDL with HL. The results also unexpectedly show that the pared by incubating the discoidal rHDL with low-density
rate of HL-mediated phospholipid hydrolysis in apoA-Il lipoproteins and LCAT 30). Spherical (A-l)rHDL were
containing rHDL is markedly enhanced by the presence of prepared by displacing all of the apoA-I from the spherical

apoA-l. (A-DrHDL with lipid-free apoA-I11 (30). The (A-I)rHDL and
(A-1rHDL were dialyzed extensively (X 1 L) against 0.01

EXPERIMENTAL PROCEDURES M Tris-buffered saline (TBS) (pH 7.4) containing 0.15 M
NacCl, 0.005% (w/v) EDTA-Ng and 0.006% (w/v) Nap

Isolation of ApoA-I and ApoA-IHDL were ultracentrifu- prior to use.

gally isolated from samples pf pooled expired, autolqgously Preparation of [C]DPPC-Labeled (A-I)rHDL and¥C]-
dor_1a_ted human plas_ma (Gribbles Pathology, Adelaide) andyppc_| abeled (A-I)rHDL [“C]DPPC-labeled (A-)rHDL
delipidated as described?, 23). ApoA-l and apoA-llwere oo prenared by incubating unlabeled (A-rHDL (21.5
isolated from the resulting apoHDL by chromatography on o1 of phospholipid) with F'CJDPPC-labeled POPC vesicles
a.Q-Sepharose Fast Flow column (Amersham PharmaC|a(2_15#mo| of phospholipid) fo 3 h at 37°C with purified
B'OteChr’] Uppsr?la, Svyedep) attache?] “? aln FPLC systemp tp [final transfer activity 367 nmol of phospholipid
(Amersham Pharmacia B|ot¢cmzl). The iso ate‘?' apoA-l - yansterred (mL of PLTP) h™1] and fatty acid free bovine
and apoA-Il appeared as single bands following electro- gor o a1humin (BSA) (final concentration 20 mg/mPJLJ.
phoresis on a homogeneous 20% Stpblyacrylamide . The volume of the incubation mixture was 12 mL. The
PhastGel (Amersham Pharmacia Biotech) and Coomass'eresulting L4CIDPPC-labeled (A-I)rHDL were isolated by

staining. N sequential ultracentrifugation as described previougy. (
Purification of Lecithin:Cholesterol Acyltransferase (LCAT) [14C]DPPC-labeled (A-I)rHDL were prepared by displacing
and Phospholipid Transfer Protein (PLTR)CAT and PLTP all of the apoA-I from [4C]DPPC-labeled (A-I)rHDL with
were purified from pooled samples of autologously donated |ipid-free apoA-Il as described(). The specific activities
human plasma. The purified LCAT, prepared as described of the [4C]DPPC-labeled (A-)rHDL and{{C]DPPC-labeled
previously @5), appeared as a single band following elec- (A-|))rHDL were 3.0 x 10° dpm/mg of phospholipid and
trophoresis on a homogeneous 20% SDS-gel and silvers g 108 dpm/mg of phospholipid, respectively. TH&G]-
staining. LCAT activity was assessed as described by Piranpppc-jabeled (A-1)fHDL and (A-1))rHDL were dialyzed
and Morin @6) using 1-palmitoyl-2-oleoylphosphatidylcho-  extensively (3x 1 L) against TBS prior to use.
line (POPC)/unesterified cholesterol (UC)/apoA-I discoidal  preparation of Unlabeled (A-I/A-I)rHDLSpherical rHDL
rHDL labeled with [1,20-*H]cholesterol (fHJUC) as a  containing both apoA-I and apoA-Il on the same particle
substrate. The POPC amtHjuC were obtained respectively \yere prepared as describedll), Briefly, discoidal (A-I)-
from Sigma and Amersham Pharmacia Biotech. The assayyqp| and discoidal (A-1I)rHDL were prepared by the cholate
was linear as long as less than 30% of tAH]UC was gjalysis methodZ9). Discoidal (A-)rHDL (final concentra-
esterified. The preparation used in this study generated 108Qjon apoA-| 143ug/mL) were incubated with discoidal (A-

nmol of CE (mL of LCAT)* h™%, IrHDL (final concentration apoA-Il 43:g/mL) at 37°C
The purification of PLTP has been described previously for 24 h with low-density lipoproteins (final concentration
(27). PLTP activity was quantitated as the transfer - apoB 581ug/mL), fatty acid free BSA (final concentration
1,2-di[1+“C]palmitoylphosphatidylcholine{{CIDPPC) (112 57 mg/mL),3-mercaptoethanol (final concentration 4.0 mM),
mCi/mmol) (Amersham Pharmacia Biotech) frort(]- and LCAT [final activity, 162 nmol of CE generated (mL

DPPC-labeled small unilamellar POPC vesicles to ultracen- of incubation mixture)! h™1]. The final incubation volume
trifugally isolated HDL @8). The PLTP used in this study was 35.7 mL. These conditions generated both spherical (A-
transferred 3150 nmol of phospholipid (mL of PLTPh™. )rHDL and spherical (A-l/A-I)rHDL. When the incubation
Purification of HL. HL was purified from the blood of  was complete, the rHDL were isolated by ultracentrifugation
patients injected with a bolus of 25 000 IU of heparin prior at 100 000 rpm, at 4C, in the density range 1.0% d <
to undergoing angioplasty (Cardiovascular Investigational 1.21 g/mL using a TLA-100.4 rotor (Beckman Instruments,
Unit, Royal Adelaide Hospital). The method of purification Fullarton, CA) with two 16 h spins at the lower density and
is described elsewhere except that a linear1.8 M NaCl a single 16 h spin at the higher density. These procedures
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were carried out in a Beckman TL-100 tabletop ultracentri- pH 11.0 (final concentration 0.1 M). The eluted fractions
fuge (Beckman Instruments). The rHDL were dialyzed (1.1 mL) were assayed for apoA-l and apoA-Il.

against TBS (3x 1 L) and subjected to immunoaffinity Calculations.Phospholipid hydrolysis in the radiolabeled
chromatography using a column of anti-human apoA-Il (A-)rHDL and (A-Il)rHDL was determined as the amount
polyclonal antibody coupled to CNBr-activated Sepharose of radiolabeled NEFA relative to the total substrate radio-
4B (Amersham Pharmacia Biotech). The (A-I)rHDL, which label. Phospholipid hydrolysis in the unlabeled (A-I)rHDL,
did not bind to the column, were washed off with TBS. The (A-Il)rHDL, and (A-I/A-Il)rHDL was determined directly
(A-I/A-1rHDL that bound to the column were eluted with by mass assay. The kinetic paramet&r&app) anVmaxWere
0.1 M acetic acid (pH 2.7) and neutralized immediately with estimated from the line of best fit by linear regression
1 M Tris, pH 11.0 (final concentration 0.1 M). analysis of a LineweaveirBurk double-reciprocal plot of the

Preparation of }4C]JDPPC-Labeled (A-l/A-ll)rHDL[*C]- rate of hydrolysis versus the concentration of substrate. In
DPPC-labeled (A-I/A-Il)rHDL were prepared by incubating @ll cases, the regression coefficients Wwere >0.94. Vinax
unlabeled (A-I/A-IrHDL with [“C]DPPC-labeled POPC ~ Was determined as the reciprocal of the intercept onythe
vesicles, purified PLTP, and fatty acid free BSA as described aXis-Km(app) was calculated as the product of the slope and
for (A-)rHDL. The specific activity of the J*C]DPPC- Vimax.

labeled (A-I/A-INrHDL was 2.3x 10° dpm/mg of phos- The predicted rates of HL-mediated phospholipid hydroly-
pholipid. The [4C]DPPC-labeled (A-l/A-Il)rHDL was dia- sis were determined using a variation of the model described
lyzed extensively (3< 1 L) against TBS prior to use. by Barter et al. 83). The rates of phospholipid hydrolysis

in incubations containing mixtures of (A-)rHDL and (A-

Determination of HL-Mediated Phospholipid Hydrolysis IrHDL are expressed mathematically as

in [*“C]DPPC-Labeled (A-1)rHDL, f*C]DPPC-Labeled (A-
I/A-IDrHDL, and [*“C]DPPC-Labeled (A-Il)rHDL.All in- Va imad(A-DIHDL PL] V4 max (A-11)rHDL PL]
cubations were carried out in stoppered plastic tubes in a K + K
shaking water bath maintained at 7. Details of individual V= Al Al

14 [(A-DrHDL PL] + [(A-1DrHDL PL]

incubations are described in the figure legends. Hydrolysis

was stopped by the addition of chloroform/methanol [1 mL, Ky, Ky,

2:1 (vIv)]. The lipids were extracted by the method of Folch Q)
etal. 32). NEFA were separated from the other rHDL lipids ) ) . o
by thin-layer chromatography on 20 20 cm silica gel 60 Where_V is the predicted rate of phospholipid hydrolysis in
plastic sheets (Merck, Darmstadt, Germany) as describedthe mixture [nmol of NEFA formed (mL of HL): h™!] and
elsewhereZ1) and visualized with4 The areas correspond-  [(A-)rHDL PL] and [(A-I)rHDL PL] are the concentrations
ing to phosphatidylcholine and NEFA were cut from the Of (A-DrHDL and (A-I)rHDL (millimolar phospholipid),
sheets and placed directly into 10 mL of Ready Safe liquid '€SPeCtivelyVa—imaxandVa-imax represent the values W
scintillation mixture (Beckman Instruments). Radioactivity [NMol of NEFA formed (mL of HL)* h™] for (A-)rHDL
was determined using a Beckman LS 6000TA liquid scintil- @nd (A-I)rHDL, respectivelyK,, _, andK,_, represent the
lation counter with automatic quenching correction (Beckman Km(@pp) (millimolar phospholipid) for (A-)rHDL and (A-

Instruments). The silica gel had a negligible effect on the )rHDL, respectively, for a given amount of HL.
counting. The predicted rates of HL-mediated phospholipid hydroly-

sis in (A-I/A-Il)rHDL in incubations containing mixtures of
(A-I/A-IrHDL and (A-l)rHDL were determined using the
equation:

Determination of HL-Mediated Phospholipid Hydrolysis
in Unlabeled (A-rHDL, Unlabeled (A-1)rHDL, and Un-
labeled (A-I/A-1I)rHDL. These incubations were carried out
exactly as described above for the radiolabeled rHDL. After v, =
the incubation the mixtures were placed on ice. Phospholipid

hydrolysis was determined directly by assaying the NEFA [(A-I/A-I)rHDL PL]

mass in the incubation mixtures. Ka—ia—i Y
.. . _ _ _ A—I/A—Illmax
Immunoaffinity Chromatography of Mixtures of (A-)rHDL [(A-I/A-II)rHDL PL] + [(A-)rHDL PL]
and (A-IrHDL after Incubation with HL(A-I)rHDL (final K —ya—n Ky,
concentration 0.1 mM phospholipid) and (A-IrHDL (final )

concentration 0.4 mM phospholipid) were incubated at 37

°C for 3 h with HL [1.12 mL of a preparation which whereVa_ya— is the predicted rate of phospholipid hy-
generated 682 nmol of NEFA (mL of HL) h™']. The drolysis in (A-I/A-Il)rHDL [nmol of NEFA formed (mL of
incubation also contained fatty acid free BSA (final con- HL)™* h™%] and [(A-I/A-I)rHDL PL] is the concentration
centration 20 mg/mL). The final incubation volume was 4.49 of (A-lI/A-1)rHDL (millimolar phospholipid). Va—ia—imax
mL. When the incubation was complete, the mixture was represents th&max [nmol of NEFA formed (mL of HL)*
placed on ice and then addedl @ 1 mLsealed Poly-Prep  h™] for (A-I/A-I)rHDL. K, _,._, represents th&m(app)
column (Bio-Rad Laboratories, Hercules, CA) containing a (millimolar phospholipid) for (A-I/A-1)rHDL for a given
human anti-apoA-I polyclonal antibody covalently coupled amount of HL.

to CNBr-activated Sepharose 4B (Amersham Pharmacia Other Techniquedll chemical analyses were carried out
Biotech). The rHDL which did not bind to the column were on a Cobas Fara centrifugal analyzer (Roche Diagnostics,
eluted with TBS (5 column volumes). The rHDL which Zurich, Switzerland). Boehringer Mannheim kits were used
bound to the column were eluted with 0.1 M acetic acid (7 for phospholipid, UC, and total cholesterol assays (Boeh-
column volumes) and neutralized immediatelytwitM Tris, ringer Mannheim GmbH, Mannheim, Germany). CE con-
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Table 1: Physical Properties of (A-)rHDL and (A-Il)rHBL

stoichiometr§ (mol/mol) diﬁﬁ;

spherical rHDL PL UC CE A-l Al (nm)
Section A

[“CIDPPC-(A-)rtHDLY 739 6.0 73.9 3.0 0.0 8.6

[*CIDPPC-(A-I)HDLY 654 53 68.6 0.0 6.0 9.4
Section B

[“CIDPPC-(A-lyrfHDL® 116.7 11.6 76.7 3.0 0.0 9.3

unlabeled (A-1I)rHDL® 895 86 625 0.1 6.0 10.0
Section C

unlabeled (A-1)rHDLIf 109.0 106 749 3.0 00 9.3

[“C]DPPG-(A-I)rHDLT 96.0 95 64.0 0.1 6.0  10.1

a (A-1)rHDL were prepared by incubating discoidal rHDL with low-
density lipoproteins and LCATC]DPPC-(A-I)rHDL were prepared
as described under Experimental Procedures. Unlabeled (A-1I)rHDL
and [“C]DPPC-(A-I)rHDL were prepared by displacing all of the
apoA-l, respectively, from unlabeled (A-)rHDL and*C]DPPC-
(A-)rHDL with lipid-free apoA-II. ® Stoichiometries were calculated
from means of triplicate determinations which varied by less than 6%.
Abbreviations: PL, phospholipid; UC, unesterified cholesterol; CE,
cholesteryl ester; A-l, apoA-l; A-ll, apoA-IEAll of the rHDL
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rHDL contain three and six apolipoprotein molecules/patrticle,
respectively 87), the ratios of constituents in (A-I)rHDL and
(A-IDrHDL are expressed relative to three molecules of
apoA-1 and six molecules of apoA-Il. As is seen in Table
1A, displacement of apoA-I from (A-1)rHDL by lipid-free
apoA-II does not displace any of the lipid constituer8)(
As such, the (A-)rHDL and (A-Il)rHDL differed only in
their apolipoprotein composition. The slightly larger diameter
of the (A-1)rHDL relative to the (A-I)rHDL is consistent
with what has been reported previously from this laboratory
(30). As these rHDL did not contain triacylglycerol, the only
substrate for HL was phospholipid.

In the first series of experiments varying concentrations
of [**C]DPPC-labeled (A-I)rHDL (final concentration G-1
1.1 mM phospholipid) and*{C]DPPC-labeled (A-11)rHDL
(final concentration 0.21.1 mM phospholipid) were incu-
bated individually with a constant amount of HL. In both
cases the rate of phospholipid hydrolysis increased as the
concentration of the substrate increased (Table 2). As shown
previously @1), the rate of phospholipid hydrolysis was

preparations contained a single, homogeneous population of particlesgreater in the (A-l)rHDL than in the (A-Il)rHDL. Kinetic

as judged by nondenaturing gradient gel electrophoré3isese rHDL
preparations were used to examine total phospholipid hydrolysis in
incubations containing mixtures of (A-I)rHDL and (A-1l)rHDIe.These
rHDL preparations were used to examine the effect of (A-Il)rHDL on
phospholipid hydrolysis in (A-)rHDL! These rHDL preparations were
used to examine the effect of (A-I)rHDL on phospholipid hydrolysis
in (A-1)rHDL.

parameters for the phospholipid hydrolysis were obtained
as described under Experimental Procedures. \ihe for
(A-DrHDL and (A-IrHDL was 193.2 and 59.1 nmol of
NEFA formed (mL of HL)* h™%, respectively. HL had a
greater affinity for the phospholipids in (A-Il)rHDL (apparent
Km = 0.27 mM) than for the phospholipids in (A-I)rHDL
(apparentk,, = 0.76 mM). These kinetic parameters are

centrations were calculated as the difference between the totafonsistent with our previous resultl.

and UC concentrations. ApoA-I and apoA-Il concentrations
were measured immunoturbidometricalBA4), using sheep
anti-human apoA-l 35 and sheep anti-human apoA-ll
immunoglobulin (Boehringer Mannheim GmbH). Spherical
rHDL size was determined by electrophoresis o0nd8%
nondenaturing polyacrylamide gradient gels prepared ac-
cording to the method of Rainwater et &B6].

Statistical MethodsThe two-tailed, Student’s test for
two samples with equal variance was used to determine
whether differences between values were significant.

RESULTS

HL-Mediated Hydrolysis of Phospholipids in (A-I)rHDL
Only, (A-IrHDL Only, and in Mixtures of (A-)rHDL and
(A-IDrHDL (Tables 1-4). We have shown previously that
the kinetics of HL-mediated phospholipid and triacylglycerol
hydrolysis in spherical rHDL varies according to their
apolipoprotein content2). In that study theVnax for
phospholipid and triacylglycerol hydrolysis was greater in
(A-DrHDL than in (A-Il)rHDL, while the affinity of HL for
the phospholipids and triacylglycerol in (A-II)rHDL was
greater than for the phospholipids and triacylglycerol in (A-
)rHDL.

In the present study we have investigated the HL-mediated
hydrolysis of phospholipids in incubations containing mix-
tures of spherical'fC]DPPC-labeled (A-1)rHDL and*{fC]-
DPPC-labeled (A-1)rHDL. We have demonstrated previ-
ously that the hydrolysis of trace amounts &(JDPPC
reflects the hydrolysis of the bulk rHDL phospholipi2/j.
The physical properties of th&#*C]DPPC-labeled (A-1)rHDL
and (A-1)rHDL are presented in Table 1A. As earlier cross-
linking studies have shown that the (A-I)rHDL and (A-Il)-

Mixtures of the same preparations 6f¢]DPPC-labeled
(A-rHDL and [““C]DPPC-labeled (A-l)rHDL were then
incubated with HL. These incubation mixtures contained
varying concentrations of (A-)rHDL (final concentration
0.1-0.9 mM phospholipid) plus (A-I)rHDL at a final
phospholipid concentration of either 0.2 or 0.4 mM. The rate
of phospholipid hydrolysis in these mixtures is shown in
Table 2.

The values for the kinetic parameters for phospholipid
hydrolysis in incubations containing either (A-1)rHDL alone
or (A-I)rHDL alone were used to calculate from eq 1 the
predicted rates of phospholipid hydrolysis in incubations
containing mixtures of (A-I)rHDL and (A-I)rHDL. In all
cases, the observed rate of phospholipid hydrolysis in
incubations containing mixtures of (A-I)rHDL and (A-I)-
rHDL was greater than the rate predicted by the mathematical
model (Table 3).

To determine whether this was also the case when
phospholipid hydrolysis was measured directly using a mass
assay to measure NEFA formation, mixtures of unlabeled
(A-NrHDL (final concentration 0.£0.7 mM phospholipid)
and unlabeled (A-1)rHDL (final concentration 0.4 mM
phospholipid) were incubated with HL. The phospholipid
hydrolysis that was observed in these mixtures is shown in
Table 4. Kinetic parameters for the phospholipid hydrolysis
in incubations containing either unlabeled (A-l)rHDL alone
or unlabeled (A-lIl)rHDL alone were determined by measur-
ing NEFA mass. Th&/nax for (A-I)rHDL and (A-II)rHDL
was 739.6 and 262.4 nmol of NEFA formed (mL of HL)
h=1, respectively. HL had a greater affinity for the phospho-
lipids in (A-IrHDL (apparentKy, = 0.23 mM) than for
the phospholipids in (A-)rHDL (appareit, = 0.97 mM).
These kinetic parameters were used to calculate from eq 1
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Table 2: Rate of HL-Mediated Phospholipid Hydrolysis in Incubations Contaiffi@j(p)PPC-Labeled (A-I)rHDL Only, *C]DPPC-Labeled
(A-1)rHDL Only, and Mixtures of [“C]DPPC-Labeled (A-)rHDL andfC]DPPC-Labeled (A-1I)rHDE

(A-I)rHDL only (A-IrHDL only (A-)rHDL + (A-I)rHDL (0.2 mM PL) (A-I)rHDL + (A-IrHDL (0.4 mM PL)
PL PL PL PL
(A-) hydrolysi®  (A-Il) hydrolysis total (A-) (A-11) hydrolysi¢ total (A-) (A-11) hydrolysi¢
rHDL [nmol of rHDL [nmol of rHDL  rHDL  rHDL [nmol of rHDL  rHDL  rHDL [nmol of

(mM NEFA (mL (mM NEFA (mL (mM (mM (mM NEFA (mL (mM (mM (mM NEFA (mL
PL) ofHL)th™Y PL) ofHL)th™ PL) PL) PL) of HL) "1 h™Y] PL) PL) PL) of HL)"*h™}]

0.1 22.7+ 3.6 0.1 16.A£ 1.3

0.3 48.9+ 2.5 0.3 26.6- 1.2 0.3 0.1 0.2 90.6 3.5 -

0.5 68.6+ 2.9 0.5 30.5+3.1 0.5 0.3 0.2 105.44.9 0.5 0.1 0.4 155+ 2.5
0.7 89.5+ 13.4 0.7 44.6+ 4.3 0.7 0.5 0.2 126.1 5.6 0.7 0.3 0.4 173.2 13.6
0.9 117.1+£ 155 0.9 49. 4 8.7 0.9 0.7 0.2 151.+10.7 0.9 0.5 0.4 162.8 19.9
11 148.8+ 23.9 11 73.4 15.3 11 0.9 0.2 164.% 10.6 11 0.7 0.4 190.% 28.3

a(A-l)rHDL and (A-1I)rHDL were labeled with *CIDPPC as described under Experimental Procedures. Aliquots of either (A-I)rHDL or (A-
INrHDL (final concentration 0.+1.1 mM phospholipid) were incubated individually at 3Z for 3 h with HL [20 uL of a preparation which
generated 876 nmol of NEFA (mL of HL) h™Y]. Incubations containing mixtures of (A-)rHDL (final concentration 9.9 mM phospholipid)
plus (A-1rHDL (final concentration either 0.2 or 0.4 mM phospholipid) were also carried out. All the incubations contained fatty acid free BSA
(final concentration 20 mg/mL). The final incubation volume wask0 At the end of the incubations the NEFA were separated from the other
rHDL lipids by thin-layer chromatography. Phospholipid hydrolysis was quantitated by liquid scintillation counting of the liberated NEFA and the
phospholipid substrate. All values are the means of triplicate determinatio®.” The rate of phospholipid (PL) hydrolysis in incubations
containing only (A-I)rHDL.¢ The rate of phospholipid hydrolysis in incubations containing only (A-Il)rHBIhe rate of phospholipid hydrolysis
in incubations containing mixtures of (A-I)rHDL and (A-1l)rHDL.

Table 3: Rate of HL-Mediated Phospholipid Hydrolysis in Incubation Mixtures Containing BfDPPC-Labeled (A-1)rHDL and
[*“C]DPPC-Labeled (A-1)rHDL: Predicted versus Observed Vaues

(A-I)rHDL + (A-INrHDL (0.2 mM PL)® (A-I)rHDL + (A-I)rHDL (0.4 mM PL)
total (A-I) (A-1l) PL hydrolysis total (A-l) (A-1l) PL hydrolysis
HDL  rHDL  rHDL [nmol ofNETA raio  rHDL  rHDL  rHDL [nmol ofNETA ratio
MM (MM (mM (mL of HL)7h ™ obsd/ (MM (MM (MM (mL of HL)7*h™] obsd/
PL) PL) PL) obsd pred pred PL) PL) PL) obsd pred pred
0.3 0.1 0.2 90.6t 3.5 37.0 2.5
0.5 0.3 0.2 105.4 4.9 56.2 1.9 0.5 0.1 0.4 155474 2.5 43.2 3.6
0.7 0.5 0.2 126.1 5.6 71.2 1.8 0.7 0.3 0.4 1732 13.6 57.0 3.0
0.9 0.7 0.2 151.% 10.7 83.3 1.8 0.9 0.5 0.4 1624819.9 68.4 2.4
1.1 0.9 0.2 164.4 10.6 93.2 1.8 1.1 0.7 0.4 19047 28.3 78.0 2.4

3 (A-l)rHDL and (A-1)rHDL were labeled with {*CIDPPC as described under Experimental Procedures. The incubations contained mixtures of
(ADrHDL (final concentration 0.£0.9 mM phospholipid) and (A-1I)rHDL (final concentration either 0.2 or 0.4 mM phospholipid) as described in
Table 2. The values for the observed rates of phospholipid hydrolysis are the means of triplicate determin&ion$he predicted rates of
phospholipid hydrolysis were determined from ed PL, phospholipid; obsd, observed; pred, predicted.

Table 4: Rate of HL-Mediated Phospholipid Hydrolysis in of (A—I)I’HDL and (A'”)erL was greater than the rate
Incubation Mixtures Containing both (A-I)rHDL and (A-Il)fHDL As  predicted by the mathematical model.
Determined by Mass Assay: Predicted versus Observed Values HL-Mediated Phospholipid Hydrolysis in Incubations
PL® hydrolysis Containing Mixtures of *C]DPPC-Labeled (A-1)rHDL and
(rg‘[“(;'Ho[;“_'fﬁﬁ] ratio Unlabeled (A-Il)rHDL (Figure 1; Table 1B)Additional
obsd/ experiments were carried out to determine whether the

total tHDL (A-)rHDL  (A-Il)rHDL

(mMPL) (mMPL) (mMPL) obs#  pred pred greater than expected rate of phospholipid hydrolysis in
8-? 8-% 8-3 ggé-g Sg-g %gz;‘r ig mixtures of (A-)rHDL and (A-I)rHDL was due to an
0.9 05 0.4 3569 302 2574 14 enhance.d rate of hydrolysis in the ('A—I)rHDL.or enhanced
11 0.7 0.4 357.6-193 2861 13 hydrolysis in the (A-Il)rHDL. In the first experimentiC]-

aMixtures of unlabeled (A-I)rHDL (final concentration 6-D.7 mM DPPC_Iape.led (A_l).rHDL (final (.:Oncemratlon G-D.7mM
phospholipid) plus unlabeled (A-Il)rHDL (final concentration 0.4 mm  Phospholipid) was incubated with a constant amount of HL
phospholipid) were incubated at 3T for 3 h with HL [30 uL of a and unlabeled (A-II)rHDL (final concentration either 0.2 or
preparation which generated 682 nmol of NEFA (mL of HLji™]. 0.4 mM phospholipid). The physical properties of these

The incut_Jations_ cont_ained fatty acid free BSA (final concentration 20 preparations of rHDL are shown in Table 1B. As the
mg/mL) in a final incubation volume of 12QL. The rate of

phospholipid hydrolysis was determined by mass assay of the generated_(ormatlon of fCl-labeled NEFA was measured in this

NEFA. All values are the means of triplicate determinatidasSD. incubation, the results reflect phospholipid hydrolysis in the
The predicted rates of phospholipid hydrolysis were determined from [“C]DPPC-labeled (A-I)rHDL and not the hydrolysis in the
eq 1.° PL, phospholipid; obsd, observed; pred, predicted. unlabeled (A-I)rHDL. Figure 1 shows the rate of phospho-

lipid hydrolysis in E“C]DPPC-labeled (A-1)rHDL (final
the predicted rates of phospholipid hydrolysis. As was the concentration 0.1, 0.3, 0.5, and 0.7 mM phospholipid) in the
case for the radiolabeled substrates, the observed rate ofibsence of unlabeled (A-Il)rHDL (open bars) or in the
phospholipid hydrolysis in incubations containing mixtures presence of a final concentration of either 0.2 (hatched bars)
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Ficure 1: Effect of unlabeled (A-I)rHDL on HL-mediated
phospholipid hydrolysis in!fCIDPPC-labeled (A-I)rHDL. (A-l)-
rHDL (final concentration 0.£0.7 mM phospholipid) were radio-
labeled with [*C]DPPC and incubated at 3T for 3 h with HL

[20 uL of a preparation which generated 745 nmol of NEFA (mL
of HL)~! h™%. The incubations were carried out in the absence
(O) or presence of unlabeled (A-IrHDL at a final phospholipid
concentration of either 0.2 mMaj or 0.4 mM @). All incubations
contained fatty acid free BSA (final concentration 20 mg/mL). The
final incubation volume was 58L. The figure shows the rate of
hydrolysis of [4C]DPPC in (A-I)rHDL. The results are the means
of triplicate determinationst SD [*, p < 0.01; #,p < 0.05,
difference from (A-1)rHDL only incubations].

or 0.4 mM (closed bars) unlabeled (A-1I)rHDL phospholipid.
With the exception of the incubation containing 0.1 mM (A-
)rHDL phospholipid plus 0.4 mM (A-11)rHDL phospholipid,
the rate of phospholipid hydrolysis in (A-)rHDL decreased
when (A-1)rHDL were present. This indicates that (A-11)-
rHDL are, as expected, competitive inhibitors of HL-
mediated phospholipid hydrolysis in (A-)rHDL.
HL-Mediated Phospholipid Hydrolysis in Incubations
Containing Mixtures of 'C]DPPC-Labeled (A-I)rHDL and
Unlabeled (A-I)rHDL (Figure 2; Table 1C)To determine
if the greater than predicted rate of phospholipid hydrolysis
in incubations containing mixtures of (A-I)rHDL and (A-
INrHDL was a result of the (A-)rHDL enhancing the rate
of hydrolysis in the (A-1)rHDL, unlabeled (A-1)rHDL (final
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Ficure 2: Effect of unlabeled (A-1)rHDL on HL-mediated phos-
pholipid hydrolysis in {*CIDPPC-labeled (A-1)rHDL. (A-1)rHDL
(final concentration 0.£0.7 mM phospholipid) were radiolabeled
with [1“C]DPPC and incubated at 3T for 3 h with HL [20uL of

a preparation which generated 745 nmol of NEFA (mL of HL)
h™1]. The incubations were carried out in the absenc® ¢r
presence of unlabeled (A-l)rHDL at a final phospholipid concentra-
tion of either 0.2 mM @) or 0.4 mM @). All incubations contained
fatty acid free BSA (final concentration 20 mg/mL). The final
incubation volume was 5@L. The figure shows the rate of
hydrolysis of [“C]DPPC in (A-Il)rHDL. The results are the means
of triplicate determinationst SD [*, p < 0.01; # p < 0.05,
difference from (A-1)rHDL only incubations].

conducted to exclude the possibility that the enhanced rate
of phospholipid hydrolysis in mixtures of (A-)rHDL and
(A-IrHDL was due to the formation of rHDL that contained
both apoA-I and apoA-Il on the same particle, (A-I/A-II)-
rHDL. (A-I)rHDL (final concentration 0.1 mM phospholipid)
and (A-1DrHDL (final concentration 0.4 mM phospholipid)
were incubated with HL for 3 h. The incubation mixture was
then applied to an anti-human apoA-lI immunoaffinity
column. Only 3% of the apoA-Il bound to the column (results
not shown), indicating that there was minimal formation of
(A-I/A-IDrHDL during the incubation.

To further confirm that the enhanced phospholipid hy-
drolysis in incubations containing mixtures of (A-I)rHDL
and (A-1)rHDL could not be explained by the formation of

concentration either 0.2 or 0.4 mM phospholipid) were added (A-I/A-1))rHDL, the phospholipid hydrolysis in (A-I/A-I1)-

to incubations containing*{C]DPPC-labeled (A-II)rHDL
(final concentration 0.20.7 mM phospholipid) and a

rHDL was compared directly with that in (A-I)rHDL alone
and in (A-IrHDL alone. The (A-I/A-Il)rHDL were prepared

constant amount of HL. The physical properties of these as described under Experimental Procedures. The composi-

rHDL are shown in Table 1C. The hydrolysis observed in
this experiment reflects that of the phospholipids H#C]-
DPPC-labeled (A-I)rHDL. Figure 2 shows the rate of
phospholipid hydrolysis in'fC]DPPC-labeled (A-II)rHDL
(final concentration 0.1, 0.3, 0.5, and 0.7 mM phospholipid)
in the absence of unlabeled (A-1)rHDL (open bars) or in the

tion of the (A-I)rHDL, (A-1)rHDL, and (A-I/A-1I)rHDL are
shown in Table 5. As none of the rHDL were radiolabeled,
NEFA formation as a result of phospholipid hydrolysis was
determined directly by mass assay. The rate of HL-mediated
phospholipid hydrolysis in (A-I)rHDL (closed circles), (A-
IrHDL (open circles), and (A-I/A-II)rHDL (closed squares)

presence of a final concentration of either 0.2 (hatched bars)is shown in Figure 3. In all cases the rate of hydrolysis

or 0.4 mM (closed bars) unlabeled (A-I)rHDL phospholipid.
In all cases the hydrolysis of (A-Il)rHDL phospholipids was
enhanced significantly when unlabeled (A-I)rHDL were

increased as the final rHDL phospholipid concentration
increased from 0.05 to 0.8 mM. From 0.2 to 0.8 mM rHDL
phospholipid, the rate of phospholipid hydrolysis in the (A-

present in the incubations. When taken together with the I/A-1l)rHDL was between that of the (A-I)rHDL and the (A-
results of the preceding experiment, this result indicates thatll)rHDL. This is reflected in the kinetic parameters for
the greater than predicted rate of phospholipid hydrolysis in phospholipid hydrolysis in the three types of rHDL (Table

incubations containing mixtures of (A-I)rHDL and (A-II)-
rHDL is due to enhanced phospholipid hydrolysis in (A-Il)-
rHDL and not in (A-I)rHDL.

HL-Mediated Phospholipid Hydrolysis in (A-1/A-11)rHDL
(Figure 3; Tables 5 and 6)Further experiments were

6). The Vmax for (A-I/A-IDrHDL [778.3 nmol of NEFA
formed (mL of HL) * h™1] was between that for (A-)rHDL
and (A-Il)rHDL [1159.4 and 395.1 nmol of NEFA formed
(mL of HL)"* h™%, respectively]. Likewise, the affinity of
HL for the phospholipids in (A-I/A-lIl)rHDL (apparent,



5502 Biochemistry, Vol. 40, No. 18, 2001

Hime et al.

Table 5: Physical Properties of (A-)rHDL, (A-lI/A-Il)rHDL, and
(A-IrHDL @

Table 7: Physical Properties of Unlabeled (A-1)rHDL and
[*4C]DPPC-Labeled (A-l/A-I)rHDI2

stoichiometry (% mass) d;tr(rzke?s? stoichiometry (% mass) dztr?qke?;?
spherical rHDL PL UC CE Al Al (nm) spherical rHDL PL UC CE A-l Al (nm)
(A-rHDL 354 21 179 446 0.0 9.1 unlabeled (A-)rHDL 543 56 17.4 227 00 9.2
(A-I/A-I)rHDL 319 04 202 23.0 245 9.9 [M“CIDPPC-(A-I/AIrHDL 415 1.7 22.9 19.7 14.1 9.1
(A-1)rHDL 328 18 159 21 474 9.9

a (A-I/A-I)rHDL were prepared by incubating discoidal (A)rHDL
and (A-1)rHDL with low-denstiy lipoproteins and LCAT as described
(31). b Stoichiometries were calculated from the means of triplicate
determinations which varied by less than 8%. Abbreviations: PL,
phospholipid; UC, unesterified cholesterol; CE, cholesteryl ester; A-I,
apoA-l; A-ll, apoA-Il. ¢ All of the rHDL preparations contained a single,

a (A-I/A-rHDL were prepared by incubating discoidal (A-I)rHDL
and (A-1)rHDL with low-density lipoproteins and LCAT as described
(31). The (A-I/A-1I)rHDL were labeled with J*C]DPPC as described
under Experimental ProcedurdsStoichiometries were calculated from
the means of triplicate determinations. Abbreviations: PL, phospholipid;
UC, unesterified cholesterol; CE, cholesteryl ester; A-l, apoA-I; A-ll,
apoA-Il. ¢ The rHDL preparations contained a single, homogeneous

homogeneous population of particles as judged by nondenaturing population of particles as judged by nondenaturing gradient gel

gradient gel electrophoresis.

electrophoresis.
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Ficure 3: Kinetics of HL-mediated phospholipid hydrolysis in (A-
)rHDL, (A-I/A-Il)rHDL, and (A-Il)rHDL. Unlabeled (A-I)rHDL
(@), (A-1rHDL (O), and (A-I/A-1)rHDL (M) were incubated at
37 °C for 3 h with HL [20 uL of a preparation which generated
540 nmol of NEFA (mL of HL)* h=1]. The final rHDL phospho-
lipid concentration varied from 0.05 to 0.8 mM, and the incubation
mixtures contained fatty acid free BSA (final concentration 20 mg/
mL). The final incubation volume was 120L. The rate of

0.2

Table 8: Rate of HL-Mediated Phospholipid Hydrolysis in
[*“C]DPPC-Labeled (A-I/A-I)rHDL in the Absence and Presence of
Unlabeled (A-I)rHDL: Observed and Predicted Vakies

phospholipid hydrolysis
in (A-I/A-I)rHDL
[nmol of NEFA

[*“C]DPPC-labeled  unlabeled e
(A-I/A-IrHDL (A-rHDL (mL of HL)™" ™1
(mM PL) (mM PL) observed predicted
0.1 0 71.5+ 4.9 67.7
0.1 0.2 35.4+ 6.1* 60.4
0.3 0 176.4 37.5 173.0
0.3 0.2 112.4+ 24.7 156.9
0.5 0 243.2+ 58.8 251.1
0.5 0.2 181.8+ 64.8 230.5

a (A-I/A-1l)rHDL were labeled with [“C]DPPC as described under
Experimental Procedures. Aliquots of“C]DPPC-labeled (A-I/A-
INrHDL (final concentration 0.1, 0.3, and 0.5 mM phospholipid) were
incubated at 37C for 3 h with HL [10 4L of a preparation which
generated 959 nmol of NEFA (mL of HE) h™2]. The incubations were
carried out in the absence or presence of unlabeled (A-I)rHDL (final
concentration 0.2 mM phospholipid). All incubations contained fatty

phospholipid hydrolysis was determined by mass assay of the acid free BSA (final concentration 20 mg/mL). The final incubation
generated NEFA. The values are the means of triplicate determina-volume was 5Q:L. The values for the observed rates of hydrolysis of

tions+ SD [a, p < 0.01 (A-rHDL versus (A-IDrHDL; b, p <
0.01 (A-)rHDL versus (A-I/A-Il)rHDL; ¢, p < 0.01 (A-ll)rHDL
versus (A-I/A-1)rHDL].

Table 6: Kinetic Parameters of HL-Mediated Phospholipid
Hydrolysis in (A-l)rHDL, (A-l/A-Il)rHDL, and (A-1l)rHDL @

Km(app) Vmax [NMol of NEFA
spherical rHDL (mM PLP) (mL of HL)"* h™Y]
(A-rHDL 1.52 1159.4
(A-I/A-1rHDL 1.05 778.3
(A-1)rHDL 0.51 395.1

a Spherical rHDL (final concentration 0.05, 0.1, 0.2, 0.4, 0.6, and
0.8 mM phospholipid) were incubated with a constant amount of HL

as described in the legend to Figure 3. The resulting NEFA were

[*C]DPPC in (A-l/A-1l)rHDL are the means of triplicate determinations
+ SD [*, p < 0.01, difference from incubation in the absence of (A-
)rHDL]. The predicted values for the rate of phospholipid hydrolysis
in (A-I/A-Il)rHDL were determined from eq 2 using the kinetic
parameters shown in Table 5.

of phospholipid hydrolysis in (A-I)rHDL and (A-I/A-II)rHDL
(Table 6), eq 2 (see Experimental Procedures) was used to
predict that the rate of phospholipid hydrolysis in (A-1/A-
INrHDL should decrease when (A-I)rHDL are also present
in the incubation (Table 8). These predictions were tested
experimentally in incubations containing unlabeled (A-I)-
rHDL (final concentration 0.2 mM phospholipid) an¥C]-
DPPC-labeled (A-I/A-1)rHDL (final concentration 0-10.5

measured by mass assay as described under Experimental Procedure§)M phospholipid) in the presence of a constant amount of
Kinetic parameters were estimated from double-reciprocal plots of the HL. The hydrolysis in this experiment reflects that of the

data shown in Figure 3.PL, phospholipid.

= 1.05 mM) was between that for (A-1)rHDL and (A-1)-
rHDL (apparent,, = 1.52 and 0.51 mM, respectively).
HL-Mediated Phospholipid Hydrolysis in Incubations
Containing Mixtures of 'C]DPPC-Labeled (A-I/A-11)rHDL
and Unlabeled (A-I)rHDL (Tables 7 and 8Jhe effect of
(A-DrHDL on phospholipid hydrolysis in (A-lI/A-I)rHDL

was also investigated. The physical properties of the (A-I)-

rHDL and the (A-I/A-Il)rHDL used in these experiments are

phospholipids in J*C]DPPC-labeled (A-I/A-Il)rHDL. The
observed rate of phospholipid hydrolysis in the (A-I/A-I1)-
rHDL decreased, as predicted, when (A-I)rHDL were present
in the incubations. This result was in contrast to the observed
increase in the rate of (A-1)rHDL phospholipid hydrolysis
in incubation mixtures that also contained (A-1)rHDL (Figure
2).

DISCUSSION
We have previously used well-characterized, homogeneous

shown in Table 7. On the basis of the results for the kinetics preparations of spherical rHDL containing either apoA-I or
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apoA-Il as the sole apolipoprotein constituent to show that incubations containing mixtures of (A-)rHDL and (A-Il)-
apolipoproteins have a major influence on HL-mediated rHDL was due to enhanced phospholipid hydrolysis in (A-
phospholipid and triacylglycerol hydrolysis in HDRZY). The INDrHDL. It was of interest to note that this enhancement
results of those studies demonstrated that, although HL hasdid not increase when the concentration of (A-I)rHDL was
a higher affinity for the phospholipids and triacylglycerol in doubled from 0.2 to 0.4 mM phospholipid (Figure 2).
(A-IDrHDL than in (A-NrHDL, the maximal rate of hy- Two approaches were used to exclude the possibility that
drolysis of both constituents is greater in (A-1)rHDL than in the enhanced phospholipid hydrolysis in incubation mixtures
(A-IrHDL. One aim of the present study was to investigate containing (A-)rHDL and (A-l)rHDL was due to the
whether this was also the case for HL-mediated phospholipid formation of (A-lI/A-1)rHDL. First, anti-apoA-l immuno-
hydrolysis in mixtures of (A-)rHDL and (A-1l)rHDL. affinity chromatography was used to demonstrate that the
Given that HL has a higher affinity for (A-I)rHDL  formation of (A-lI/A-1)rHDL during the incubations was
phospholipids than for (A-1)rHDL phospholipids but hydro- minimal. Second, we showed that the rate of hydrolysis of
lyzes phospholipids more slowly in (A-1)rHDL than in (A-  (A-lI/A-1))rHDL phospholipids is intermediate between that
rHDL (21), it follows that (A-Il)rHDL may function as a  of (A-I)rHDL and (A-Il)rHDL. Therefore, even if significant
competitive inhibitor of HL-mediated phospholipid hydroly- quantities of (A-I/A-II)rHDL were formed, their presence
sis in (A-I)rHDL. Thus, the presence of (A-1)rHDL in an  could not explain the higher than expected rate of phospho-
incubation mixture containing HL and (A-1)rHDL should lipid hydrolysis that was observed in mixtures of (A-I)rHDL
decrease the rate of rHDL phospholipid hydrolysis. It was and (A-11)rHDL.
surprising, therefore, to find that the rate of hydrolysis in  The possibility that a substrate other than (A-I/A-11)rHDL,
mixtures of (A-I)rHDL and (A-II)rHDL was substantially  which is preferentially hydrolyzed by HL, is generated during
greater than that observed in incubations containing equiva-the incubation of (A-I)rHDL and (A-lIl)rHDL cannot be
lent concentrations of (A-I)rHDL only. In addition, the rate discounted. However, it is difficult to envisage precisely what
of phospholipid hydrolysis was much greater than what was such a substrate could be. While it is possible that surface
expected from the kinetic parameters for the (A-I)rHDL and constituents may dissociate from the (A-1I)rHDL and act as
(A-IDrHDL alone. This was the case when phospholipid substrates for HL, this is unlikely because of the very high
hydrolysis was determined either by measuring formation affinity of apoA-II for lipid (39).
of radiolabeled NEFA (Table 3) or by measuring NEFA  To understand why (A-)rHDL enhance phospholipid
formation using a mass assay (Table 4). hydrolysis in (A-I)rHDL, it is necessary to consider why
There are five possible explanations for this observation: the rate of phospholipid hydrolysis in (A-l)rHDL alone is
(i) the hydrolysis of (A-I)rHDL phospholipids increases when faster than in (A-Il)rHDL alone. Studies of human pancreatic
(A-IDrHDL are present, (ii) the hydrolysis of (A-1l)rHDL lipase, an enzyme that is structurally similar to HL, support
phospholipids increases when (A-I)rHDL are present, (iii) the view that HL contains a catalytic domain and a COOH-
phospholipid hydrolysis in both (A-I)rHDL and (A-1)fHDL  terminal domain 40). It has been proposed that the initial
is increased, (iv) (A-I/A-Il)rHDL are formed during the interaction of HL with its substrate occurs in the COOH-
incubation and HL hydrolyzes the phospholipids in these terminal domain41). This interaction changes the confor-
particles more rapidly than the phospholipids in either (A- mation of the catalytic domain and enables the substrate
DrHDL or (A-1)rHDL, and (v) a previously unidentified  access to the active sitéZ 43). The change in conformation
substrate is formed during the incubation, and the phospho-most likely involves the opening of a “lid” which is normally
lipids in this substrate are hydrolyzed very rapidly. closed and covers the catalytic site of H12(44). It is also
The first three possibilities were investigated by incubating possible that this lid may be partially, rather than fully,
mixtures of (A-)rHDL and (A-lI)rHDL with HL and opened when substrate is bound to the COOH-terminal
measuring phospholipid hydrolysis in one substrate at a time.domain of HL @5). The higher rate of phospholipid
This was achieved by incorporating'C]DPPC into only hydrolysis in (A-rHDL, compared to (A-Il)rHDL, in the
one of the substrates and measuring the release of radiolapresent study suggests that the lid is more open when (A-
beled NEFA. In this way the rate of phospholipid hydrolysis I)rHDL bind to HL. This enhances access of the substrate
was measured in the radiolabeled substrate, not in theto the catalytic site. When (A-Il)rHDL bind to HL, the lid
unlabeled substrate. The dramatic differences in the resultsopens less than for (A-I)rHDL. This decreases access of the
shown in Figures 1 and 2 exclude the possibility that the substrate to the active site, and phospholipid hydrolysis is
transfer of [4*CIDPPC between the rHDL preparations could reduced.
significantly influence our results. Structural and functional evidence supports the model of
When unlabeled (A-Il)rHDL were added to incubations active, dimeric HL proposed by Hill et a4 8). In this model,
containing [*C]DPPC-labeled (A-rHDL and HL, phos- two HL monomers, each comprising a COOH-terminal
pholipid hydrolysis in (A-)rHDL decreased. This was domain and a catalytic domain, are arranged in a “head-to-
predicted from the kinetics of the phospholipid hydrolysis tail” fashion so that the COOH-terminal domain of one
in the individual substrates and was consistent with (A-ll)- subunit is in close proximity to the catalytic domain of the
rHDL acting as a competitive inhibitor of HL-mediated other subunit. When a substrate binds to the COOH-terminal
hydrolysis of (A-I)rHDL phospholipids. However, when domain of one momomer, the catalytic site of that monomer
unlabeled (A-)rHDL were present in incubations containing becomes accessible to substrate that is bound to the other
[*“C]DPPC-labeled (A-I)rHDL and HL, there was a large monomer. Our results showing that (A-)rHDL enhance
and unexpected enhancement of the rate of (A-1Il)rHDL phospholipid hydrolysis in (A-1I)rHDL can be explained by
phospholipid hydrolysis. These results indicate that the this model if we assume that the binding of these substrates
greater than predicted rate of phospholipid hydrolysis in to HL differentially exposes the active site as explained in
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the preceding paragraph. Thus, when (A-1)rHDL bind to whether the apoA-I is present in the same patrticle as the
HL, the active site is only partly exposed. On the other hand, apoA-Il, as in (A-I/A-I)rHDL, or whether it is present as a
binding of (A-I)rHDL to HL enhances exposure of the active component of particles that contain apoA-I only.

site to substrate. Thus, binding of (A-I)rHDL to an HL
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