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ABSTRACT. Serum paraoxonase (PON1) is a high-density lipoprotein (HDL)-associated enzyme exhibiting
antiatherogenic properties. This study examined the interaction of recombinant PON1 with reconstituted
HDL comprised of PC, cholesterol, and various apolipoproteins (apoA-l, -1, and -1V). The affinity, stability,
and lactonase activity were strongly correlated, with apoA-I exhibiting the strongest effects, apoA-IV
exhibiting weaker yet significant effects, and apoA-Il having a negative effect relative to protein-free
particles. We found that PON1 binds apoA-I HDL with sub-nanomolar affinitiegs<¢ 10~° M) and

slow dissociation rategi(, > 80 min), while binding affinity for other particles was dramatically lower.

A truncated form of PONL1 lacking the N-terminal helix maintains considerable binding to apoA-I HDL
(Kg = 1.2 x 1077 M), validating the structural model which indicates additional parts of the enzyme
involved in HDL binding. Kinetic inactivation assays revealed the existence of an equilibrium between
two forms of PONL1 differing in their stability by a factor of 100. Various lipoproteins and detergent
preparations shift this equilibrium toward the more stable conformation. Consistent with its highest affinity,
only apoA-I HDL is capable of totally shifting the equilibrium toward the stable form. The paraoxonase
and arylesterase activities were stimulated by HDL by5Zold as previously reported, almost
independently of the apoliporotein content. In contrast, only apoA-I is capable of stimulating the lactonase
activity by <20-fold to keafKy values of 16—10" M1 s71, while apoA-1V and apoA-Il have almost no
effect. Overall, the results indicate the high stability, selectivity, and catalytic proficiency of PON1 when
anchored onto apoA-lI HDL, toward lactone substrates, and lipophilic lactones in particular.

Serum paraoxonase (PONilbpelongs to a family of The endogenous substrate(s) and mechanism of the anti-
enzymes that catalyze the hydrolysis of a broad range of atherogenic activity of PON1 remain largely unknown. It is
carboxy esters, carbonates, and lactones, as well as toxidbecoming apparent, however, that despite its traditional
organophosphates, including the insecticide paraoko®) assignment as paraoxonase/arylesterase, PONL1 is in fact a
An emerging body of evidence indicates that PON1 possessedactonase. PON1 has been shown to catalyze the hydrolysis
important antiatherogenic roles. Human serum PON1 levels of a variety of lactones 10), as well as lactone formation
and catalytic proficiencies are inversely proportional to the (11). Moreover, laboratory evolutionl) and structure
risk of coronary heart diseas8, 4), and PON1 knockout  reactivity studies of PON11@) indicated that PONL1 is
mice are highly susceptible to atherosclerosjs PON1 is primarily a lactonase. In fact, the lactonase activity is the
known to reside on the high-density lipoprotein (HDL) only activity common to all members of the PON family,
cholesterol-carrying particles, which play a key role in and directed evolution of PON1 has led to PON1 variants
neutralizing potentially toxic, hydrophobic components of With activity patterns and active site residues that resemble
plasma, including oxidized lipids6]. The PONX+HDL those of PON2 or PONS3 (i.e., high lactonase/esterase activity
complex is thought to protect against oxidative modifications, and very low paraoxonase activity)d, 14). Thus, lactones
mediate the efflux of cholesterol from macrophages, and derived from fatty acid oxidation products may comprise the
reduce the level of oxidized lipid forms involved in the native substrates of PON1Q 15).
development of atherosclerosig—«9). PONL is synthesized in the liver and secreted into the

blood where it is associated with HDL-type complex&s, (
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cholesterol; DPPE, dipalmitoylphosphatidylethanolamine; SPR, surface (dubbed H1), and was suggested to mediate the anchoring
plasmon resonance; RU, resonance units; SUV, small unilamellar ’
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amphipathic helix, H2 14). The two helices form hydro-  Ala) at the 5 end of the gene encoding GIn20, and recloned
phobic patches that are found in the marked proximity of into pET32-trx. Competent origamiB (DE-3, Novagen) cells
the active site of PON1 and provide a potential surface for were transformed with the plasmids and grown for 48 h (8
interaction with the lipid layer of HDL. The structural model h at 30°C and then 40 h at 20C) in 2xTY medium,
implies that HDL anchoring modifies PON1'’s active site and supplemented with 1 mM Cag&I100xg/mL ampicillin, and
significantly alters its enzymatic properties, yet the enzymol- 30 «g/mL kanamycin. Cells were harvested by centrifugation,
ogy and substrate specificity of PONL1 in its native environ- resuspended, and disrupted by sonication to obtain cleared
ment, namely, on HDL particles, with the relevant lipid and lysate, to which ammonium sulfate was added (55% wt/vol).

lipoprotein content, have not been thoroughly examined.
HDL constitutes a group of particles comprised of

Precipitated proteins were purified on a-NNTA column
(Qiagen). Fractions were analyzed for paraoxonase activity

membrane components, such as phospholipids, cholesteroland purity (by SDS PAGE), pooled, dialyzed against storage

and cholesterol esters, as well as protein compon@2)s (
Apolipoprotein A-1 (apoA-1) is the major structural protein
on HDL, and it plays a critical role in determining the
structure and composition of HDL particle83( 24). Two
major apoA-I-containing HDL particles exist: Lp AdAll,
composed of both apoA-I and apoA-Il, and Lp A-l, which
contains only apoA-142, 25). Other, minor HDL particles
contain lipoproteins apoA-IV, apoCs, and ap@g)( Several

buffer [50 mM Tris (pH 8.0), 50 mM NaCl, 1 mM Cagl
and 0.1% tergitol], supplemented with 0.02% sodium azide,
and stored at 4C.

Production of Recombinant Apolipoproteiite human
apoA-I gene in the pET20b vector, containing an N-terminal
Met-Ala-(His)k-Ser-Gly tag 27), was kindly provided by M.
Oda (Oakland Research Institute, Oakland, CA). Rabbit
apoA-I was amplified from cDNA prepared from fresh liver

lines of evidence demonstrate the preferential association ofof New Zealand rabbits, and modified by PCR with' @kgo

PONZ1 with apoA-I-containing HDL particles in vivo and in
vitro (26, 27). PON1 copurifies with apoA-I 48), and
immunoassays of sera show that PONL1 is mainly found in
association with apoA-1 HDL particle9). Finally, both
native and reconstituted HDL particles carrying apoA-l
promote the release of human PON1 from cells, stabilize
the enzyme, and increase its arylesterase actiti® 19,
27).

The goal of this study was to investigate the details of
PONL1's interaction with HDL particles carrying different
apolipoproteins, and the enzymology of the HDL-anchored

PONL1. Interference by copurified serum components has

repeatedly complicated the study of POND,(30—32). We
therefore developed a reconstituted in vitro system base
entirely on purified lipid components and recombinant
proteins expressed ikscherichia coli We examined a
recombinant PON1 analogue (rePONZ1) that is almost identi-
cal to rabbit PON112, 33), and its truncated variant lacking
the first 20 amino acids corresponding to the hydrophobic
N-terminus A20-rePON1). We applied these PONL1 variants
onto reconstituted HDL particles (rHDL) composed of PC,
cholesterol, and apoA-I, apoA-Il, apoA-IV, or no lipoprotein.
We determined the binding affinity, stability, and a range
of enzymatic activities for the various PONHDL com-
binations. Our results indicate a unique behavior of apoA-I
particles: these exhibit the highest affinity for PONA1(Q®
M~1) and shift PON1 toward a single, highly stable confor-
mation that exhibits high catalytic efficiency and selectivity
toward lactone substrates.

MATERIALS AND METHODS

Production of rePON1srePON1-G3C9 was used to
generate the intact (rePON1) and truncata@Qq-rePON1)
proteins as described previoush2( 33) with the following
variations. Briefly, the rePON1-G3C9 gene fused to gHis
tag directly at its carboxy terminus was clonedNatd —

Not restriction sites into the pET32b vector (Novagen), from
which the Trx fusion protein and peptide tags had been
truncated (pET32-trx)33). A20-rePON1 was constructed
from the rePON1-G3C9-Hisgene by PCR amplification
with a primer that introduced aNcd site (encoding Met-

appending an N-terminal Met-Arg-Gly-Ser-(HisJer-Gly
tag. The resulting fragment was cloned into the pET20b
vector (Novagen) using tHédd —Ncd restriction sites. Both
ApoA-Is were purified essentially as described previously
(27) with slight variations. Briefly, the plasmids described
above were transformed into BL21(DE3) pLysS cells
(Novagen). Cells were grown to an @gof 0.6 in 2xTY
medium supplemented with 10@/mL ampicillin, induced
with 0.4 mM IPTG, and cultured overnight at 2&. The
cells were harvested by centrifugation, resuspended in PBS
[10 mM NaHPQO, (pH 7.3) and 150 mM NacCl] supple-
mented with 1 mM DTT and 1@L of protease inhibitor
cocktail (Sigma), and lysed by sonication. Cleared lysates

gwere supplemented viit3 M guanidine hydrochloride and

purified to homogeneity on a NiINTA column. Purified
proteins were dialyzed extensively against Tris-buffered
saline (TBS) [10 mM Tris (pH 8.0) and 150 mM NacCl],
supplemented with 0.1 mM EDTA and 0.02% sodium azide,
and stored at 4C. Given that our rePON1 variants are most
homologous to rabbit PON1, rabbit apoA-lI rHDL was
routinely used throughout the study, although rHDL contain-
ing human apoA-I gave essentially identical results in all
the assays that were tested. The apoA-1l gene was amplified
from human liver cDNA (Clontech) and cloned into the
PET32b vector for expression as fusion protein with thio-
redoxin (Trx) and a Histag. The plasmid was transformed
into BL21(DE3) pLysS cells that were then grown to an
ODggo 0f 0.6 in 2xTY medium supplemented with 1Q@y/
mL ampicillin, induced with 1 mM IPTG, and cultured for
3 h at 30°C. The apoA-Il was then purified as described
above for apoA-l. The fusion tags were removed by
proteolytic digestion using recombinant enterokinase (Nova-
gen), and the intact apoA-ll was separated from the fusion
tags by Ni-NTA chromatography, dialyzed against TBS,
supplemented with 0.1 mM EDTA and 0.02% sodium azide,
and stored at 4C. The human apoA-IV gene in the pET30
vector was kindly provided by K. Pearson and S. Davidson
(University of Cincinnati, Cincinnati, OH). The protein was
expressed and purified as described previou34). (
Preparation of rHDL and Small Unilamellar Vesicles
(SUV).Discoidal rHDL containing apoA-l, apoA-Il, or apoA-
IV was prepared by the cholate dialysis meth&8, (36).
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Briefly, egg L-o-phosphatidylcholine (PC; Avanti Polar response in RU at timgthat corresponds to the concentration
Lipids), free cholesterol (FC; Sigma), and apolipoproteins of the molecular complex forme® is the final response at
were combined at a molar ratio of 100/5/1, suspended with infinite time, A is a correlation coefficientko,,?®s is the
sodium deoxycholate (Sigma) at a cholate/PC molar ratio observed association rate constant at a given rePON1
of 2/1, and dialyzed extensively against TBS to remove all concentration, anll,; is the dissociation rate constant. The
sodium cholate. PC/FC particles were prepared by the sameassociation rate constait, was derived from the linear fit
procedure with no protein components. For Biacore studies, of k,°°s versus concentratiorkd?*s = [rePON1kon + Kofr).
0.7% ofN-biotinyl-dipalmitoylphosphatidylethanolaminis The ko value derived from this fit was essentially identical
biotynyl-DPPE; Avanti Polar Lipids) was added to the bulk (within the error range) to the value derived directly from
mixture of egg PC and FC during reconstitution, resulting the dissociation phase. The equilibrium binding constapt,

in an average ratio of 1.4 biotins per rHDL particl@7). was obtained from the ratio of the rate constakts/Kor).
Phospholipid particles were isolated by ultracentrifugation Data fitting was performed with KaleidaGraph 5.0.
in a KBr density gradient as described previousByr)( Stability StudiesSamples of rePONL1 in storage buffer

Fractions containing the highest lipid and protein content were thoroughly delipidated using Bio-Beads SM-2 (Bio-
were pooled, dialyzed against TBS, and stored &€ 4The Rad) taken in excess (typically, incubation foh of a 100
phospholipid content of rHDL was determined by the ulL protein sample with 20 mg of washed beads), diluted to
enzymatic method (Sentinel) and protein content using the 0.2 uM in activity buffer [50 mM Tris (pH 8.0) and 1 mM
BCA kit (Pierce). The concentration of rHDL was determined CaCl], and preincubated for 30 min at 3T with a large
on the basis of the apolipoprotein concentration, assumingexcess of rHDLs (1&M) or 0.1% tergitol (NP-10, Sigma;
an apoA/rHDL ratio of 2/1 §5, 36). The homogeneity of  154M detergent micelles) in activity buffer. Inactivation was
the preparations was assessed by nondenaturing gradient géhitiated by adding an equal volume of inactivation buffer
electrophoresis (4 to 20% polyacrylamide, Pharmacia) in- [10 mM EDTA and 20 mMg-mercaptoethanol in 50 mM
dicating the formation of~10 nm particles 35, 36). Small Tris (pH 8.0)] and incubating the samples at°& Aliquots
unilamellar vesicles were prepared by sonication of a were taken at certain time points and diluted in activity
dispersion of egg PC, FC, amtbiotynyl-DPPE at a molar  buffer, and the residual activity was determined with 1 mM
ratio of 100/5/0.1 in TBS buffer. phenyl acetate as described previou8§) (Inactivation rates
Surface Plasmon Resonance (SPERJR was performed  were fitted to either mono- or double-exponential fie=
on a BIAcore 3000 instrument (BlAcore, Uppsala, Sweden). A; exp(—ki"t) + A, exp(—k2"2°t), whereR is the residual
The streptavidin (SA5) chip (a carboxymethyldextran hy- activity (expressed as the percentage of the initial activity
drogel derivatized with streptavidin) was used to adsorb the of the delipidated enzymep is the amplitude of each of
biotinylated particles described above. Typically, rHDL (20 the single-exponential phases, dnt the rate constant of
ug/mL apolipoproteins) or SUV (0.4 mg/mL PC) were inactivation for that phase. Subscripts 1 and 2 designate the
injected over the chip surface at a flow rate ofi/dOmin in first (fast) and second (slow) phases of inactivation, respec-
running buffer (TBS supplemented with 1 mM CaQintil tively.
500-1000 resonance units (RU) of the biotinylated particles  Stimulation of PON1 Actity by rHDL. Delipidated
were immobilized. The binding assay was performed by rePONs were diluted to 0.2M in activity buffer and
injecting rePONL1 solutions in running buffer at 10 different incubated with a range of rHDL concentrations (91D uM)
concentrations (typically, 0.620.2 uM for apoA-1, apoA- for 2—4 h at 37°C. Enzymatic activity was detected with
IV rHDLs, and SUV and 0.22 uM for apoA-Il rHDL) at various substrates at 1 mM.
a flow rate of 2QuL/min at 25°C. These conditions resulted Enzyme Kinetics.Enzymatic parameters with phenyl
in a linear relation between the protein concentration and acetate and paraoxon were determined by Micha#lisnten
the maximal (steady-state) response, indicating the pseudo-analysis as described previousy2( 33). Enzyme kinetics
first-order regime in relation to the immobilized particles. with d-valerolactone ang-dodecanoic lactone were per-
Injections were performed simultaneously over the im- formed by the pH-sensitive colorimetric assay as described
mobilized and blank surface (containing streptavidin only previously (L3) with slight variations. Briefly, rePON1s were
with no immobilized particles), and the net signal was diluted in Bicine buffer [2.5 mM Bicine (pH 8.3), 0.2 M
obtained by subtracting the blank signal from the signal of NaCl, and 1 mM Cag@] in the presence of 0:20.3 mM
the immobilized surface. The association phase for the intactCresol Purple indicator. A range of substrate concentrations
rePONL1 binding to all types of particles was followed for 7 was prepared in Bicine buffer with-12% DMSO in all
min, and the dissociation phase was monitored for 30 min; reactions (Triton detergent was not added/tdodecanoic
for A20-rePON1, the association and dissociation phaseslactone preparations), and proton release by the carboxylic
were monitored for 4 min. Surface regeneration between acid product was monitored spectrophotometrically at 577
consecutive binding cycles include 2 min injection of 1 nm. The initial rates of product formatioW{) were derived
M NaCl with 3 mM NaOH. from a standard calibration curve obtained with acetic acid,
SPR Data AnalysisThe binding rate constants were and when necessary, rates of spontaneous hydrolysis of the
obtained by fitting of association and dissociation phases to lactones in buffer were subtracted from enzymatic rates. The
single exponentials, assuming a first-order (dissociation) or kinetic parameters were determined by MichaeNsenten
a pseudo-first-order (association) regime based on a largeanalysis of initial rates iy = kea{E]o[S]o/([S]o + Kwm)].
(=10-fold) excess of the immobilized particles relative to Lactonase activity assays with$¢hydroxy-6€,2),112),
rePON1. The following equations were used to fit the 14(Z2)-eicosatetraenoic acid, 1,5-lactone (5-HETEL; Cayman)
association and dissociation curves, respectively= R — were performed essentially as described previouslywith
A exp(ko®%), R = R + A exp(—koit), whereR, is the the following variations. 5-HETEL (1 mM in acetonitrile)
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Ficure 1: SPR sensorgrams of the binding of various concentrations of rePON1 (Ad20vdePON1 (B) to apoA-I rHDL. Biotinylated

apoA-I rHDL particles were immobilized onto the streptavidin surface (SA chip), and a series of PON1 concentrations were injected over
the immobilized particles and a blank surface to obtain the net binding response. Binding was perfornfé&liat5S buffer. Association

and dissociation phases were fitted to a single exponential tokgit®& ko, was derived from the linear fit df,.°°svs concentrationk°0s

= [rePON1kon + koir) (C). koif Was derived directly fronk,°bs that was independent of PON1 concentration (D). Concentrations of both
proteins are (from bottom to top) 20, 40, 60, 100, 150, 175, and 200 nM.

was dissolved at 1020 M in reaction buffer [50 mM Tris reference surface (streptavidin only). Typical binding sen-
(pH 7.5) and 1 mM CaG] with 2% acetonitrile, and  sorgrams for the interaction with apoA-l particles are
incubated with 0.0040.054g/mL rePON1 samples at room portrayed in panels A and B of Figure 1. The association
temperature for 1 min. Reactions were stopped by addingand dissociation rate constants were obtained by fitting of
an equal volume of acetonitrile with 0.2% acetic acid, and the association and dissociation phases to a single exponen-
analyzed by reverse-phase HPLC (Amersham Biosciencesitial, assuming a first-order (dissociation) or pseudo-first-order
on an analytical C18 column (250 mx 4.6 mm, 5um reaction (association at [rHDLZ 10[PON1]). The resulting
particles; Vydac) using a 65 to 80% linear gradient of rate and affinity constants are given in Table 1.
acetpnitril_e in water (_1%_/min), both solvents containing 0.2%  The truncated analogue exhibited a linear dependency of
acetic acid. Qua.ntlflcauon of the extent of hyd_ronS|s_was association rates ank20-rePON1 concentration (Figure 1C),
based on the ratio of peak areas of hydroxy acid (elution at yhjje the dissociation 0A20-rePON1 was concentration-
7.3 min) and lactone (elution at 15.2 min) detected at 236 jngependent and was completed within 4 min (Figure 1B,D).
nm. Data were fitted to the linear regime of the Michaelis  The derived association rate constant A&0-rePON1 and
Menten model §o = [S]o[E]okea/Kn], and kealKu was apoA-I rHDL is 2 x 10° s M1, and the dissociation rate
deduced from the slope. is 2.3 x 102 s71, yielding an equilibrium dissociation
constantKg, of 1.2 x 1077 M. In contrast, the association
of the intact rePON1 with the apoA-I particles exhibited a
Affinity Measurement®inding affinities of rePON1, and  nonregular behavior: the association rates were constant
its truncated variant20-rePON1), for HDL particles with ~ throughout the range of PON1 concentratiokgfs ~ 1.7
various apolipoprotein compositions were determined by x 10-2s™%; Figure 1C) indicating a zero-order, rate-limiting
surface plasmon resonance. Reconstituted particles containingtep that occurs prior to the association of PON1 with the
no apoA (PC/cholesterol vesicles), apoA-l, apoA-Il, or apoA- HDL particles. In detergent solutions, PON1 coexists in a
IV and a small amount (0.7%) of biotinylated lipids were variety of forms, including dimers and oligomeric forms,
generated 37), and immobilized onto the surface of the while the monomeric form appears in solutions containing
streptavidin sensor chip. Biotinylation resulted in an average a large excess of detergent micell@9)( We assume that
of ~1.4 biotin molecules per rHDL particle, and had no the rate-limiting step may involve the dissociation of the
measurable effect on the properties of these particles withprotein from any of these forms (most likely dimers and
regard to stabilization and stimulation of PON1's activity higher-order lipid-protein complexes, given that the sample
(see below). PON1 samples were freshly delipidated from was delipidated which minimized the amount of detergent
detergent, diluted in buffer, and injected in a series of but did not eliminate it) into another form that can associate
concentrations over immobilized rHDL particles and a blank with HDL. This step appears to be much slower than the

RESULTS
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Table 1: Kinetic and Affinity Constants for the Binding of rePON1 ak2i0-rePON1 to HDL Particles
rePON1 A20-rePON1
surface KorPS (571)P Kott (S79) Kg (M)¢ Kon (STTM™Y) Kott (s74) Ka (M)

apoA-ltHDL2  (1.7+£0.7)x 103 (1.5+0.4)x 104 <0.75x 10° (2.0£0.3)x 10° (2.3+£0.1)x 102 (1.2+£0.2)x 1077
apoA-lltHDL?  (21+0.6)x 102 (6.2+1.2)x 10*  <44x10® (14+0.3)x 10' (25+0.3)x 102 (1.8+0.8)x 10°°
apoA-IVrHDL?  (1.5+0.6)x 103 (2.3+0.7)x 104  <1.3x10° (1.8+£0.5)x 10° (2.84£0.3)x 102 (1.6+0.2)x 1077
PC/FCvesicles (2.74+0.3)x 1023 (55+0.9)x 10%  <32x10° (1.7+£04)x 106 (1.0+£0.2)x 102 (5.94+0.2)x 1078

a Reconstituted HDL particles were prepared by cholate dialysis and contained egg REbie§/nyl-DPPE, and apoA-1, apoA-II, or apoA-IV.
PC/FC vesicles were prepared by sonication and contained egg PC, Ag-kemignyl-DPPE. Binding experiments were performed at@5Each
value represents the meanthe standard deviation of two independent experimeénfbserved association rate constamts’f9 are presented
instead of the association rate constaitg),(since the association rates for rePON1 binding to all types of particles were not dependent on the
concentration (probably due to protein oligomerization) and, therefore, could not be determined. Association rate conA20HseRON1 were
derived from the linear fit ok,°°s vs concentrationk,°s = [A20-rePON1kon + ko). ¢ The dissociation rateks) for rePON1 binding to apoA-I
rHDL might be significantly lower than the constant presented here, since it was enhanced by the slow baseline drift that occurred during the
experimentd Affinity constants for rePONL1 represent the upper limitkgf and were derived assuming that the association rktgsafe equal to
the respective association ratesA#Z0-rePONL1.

association itself and hence dictates the rate. This interpreta-dissociation rates than the intact protein, and lower affinities
tion is also supported by the fact that the essentially samein accordance, although it§; value is still relatively high
kor?PSvalue (~2 x 1073 s7%; Table 1) was observed with all ~ (~10"7 M with apoA-I rHDL). Although the lipid component
HDL particles regardless of their lipoprotein components. of HDL seems to drive PON1's binding to a large extent
The dissociation of rePON1 from apoA-l particles was (the K4 for PC/FC particles is<3.2 x 107° M), the protein
extremely slow (half-life of <80 min), and had to be component plays a significant role: the lowest dissociation
monitored for 30 min to detect a minimal dissociation rates and highest affinities are observed with apoK €
amplitude. However, the observed dissociation rate undoubt-10-° M), and then with apoA-IV, while apoA-Il seems to
edly contains a component of baseline drift due to the disrupt the interactioriy ca. 15-fold lower than with protein-
decomposition or detachment of the HDL patrticles from the free PC/FC vesicles).
surface. Indeed, the rate of this drift (as observed prior to  Stability Measurement3.o analyze the effect of HDL on
PON1 loading) is comparable to the rate of dissociation. the stability of PON1, we examined the progress of the
Thus, the actual rate of dissociation of rePON1 from apoA-I enzyme’s inactivation in the presence of a large (50-fold)
HDL is definitely slower than the dissociation rate constant excess of different HDL particles. Delipidated rePON1 and
calculated from these data (1.5 10“ s!; Table 1). A20-rePON1 samples in buffer, 0.1% tergitol, or rHDL
Likewise, assuming that the association rétg) ©f the intact mixtures composed of either apoA-1, apoA-Il, apoA-1V, or
PONL1 is the same as far20-rePON1, we can state an upper PC and FC only were incubated at 32 in the presence of
limit for the equilibrium dissociation constariy, of 0.75 a calcium chelator (EDTA) and the reducing agg8aner-
x 107° M. However, the actuay is probably significantly captoethanol 38). The rate of inactivation was monitored
lower since thek,, value of the intact enzyme is likely to be by measuring the residual arylesterase activity at different
higher than that of the truncated formZ x 10° s M™1), time points, and comparing it to the initial activity of the
and thek. is probably lower than 1.5 10 s delipidated enzyme (designated as 100%). Representative

Binding of PON1 to apoA-ll rHDL was much weaker inactivation profiles for rePON1 and\20-rePON1 are
compared to binding to apoA-I rHDL, and 10-fold higher presented in panels A and B of Figure 2, respectively, and
concentrations of the proteins were required (data not shown).the derived inactivation rate constants are summarized in
As for apoA-I particles, the association rate of rePON1 with Table 2. Incubation of the delipidated rePON1 with apoA-I
apoA-Il rHDL was not concentration-dependeky s = 2.1 rHDL resulted in an immediate 4.2-fold increase in the
x 1072 s71), while the dissociation rate was clearly visible arylesterase activity of the enzyme, as previously observed
and much faster than the baseline drif«(= 6.2 x 104 s with serum-purified human PON1§, 19). A slow inactiva-
~1). The binding affinity of the truncated20-rePONL1 for tion followed, obeying, as expected for a unimolecular
apoA-Il HDL was 15-fold lower than for apoA-I particles process, an exponential curve with an amplitulleof 420%
(Kg = 1.8 x 106 M; Table 1), mainly due to the decrease and a rate constanki®™) of 0.01 s, corresponding to a
in the association rate. In contrast to the significantly reduced half-life (ty2"2°") of ~70 h. Since the inactivation kinetics
affinities for apoA-Il particles, PONs binding to apoA-IV  followed a single phase, the obtained amplitude constitutes
rHDL showed values similar to those of apoA-I particles a full fraction (1.0) of the total amplitude of the reaction
(Table 1). The rate of dissociation of rePON1 from apoA- (Table 2). In contrast, the inactivation kinetics of all other
IV rHDL (2.3 x 104 s 1) was faster than the baseline drift, preparations of rePON1 followed a double-exponential
and slightly higher than that observed with apoA-lI rHDL. regime (Figure 2A), indicating the presence of two enzyme
Finally, PC/FC vesicles devoid of any apolipoprotein ex- forms. One form is highly unstable and undergoes fast
hibited a 4-fold faster dissociation rate with rePON1 than inactivation: k"% for apoA-IV and PC/FC is-1 h™* (Table
the apoA-I particles, whil&20-rePON1 showed, instead, a 2), while the other form is 100 times more stable and exhibits
2-fold lower dissociation rate (1.0 1072 s™%) and an affinity an inactivation rate that is very similar to that of the apoA-I
constant of 5.9« 1078 M (Table 1). rHDL-anchored PON1ky"actv = 0.01 s1). The difference

In summary, rePON1 exhibited very slow dissociation between these particles (PC/FC, apoA-Il, and apoA-IV) is
rates, and affinities in the low nanomolar range. The therefore in the partition between the two phases, or enzyme
truncated variantA20-rePON1) exhibits ca. 100-fold higher forms, although the rates of inactivation are strikingly similar.
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Ficure 2: Kinetics of the inactivation of rePONL1s in the solutions of various rHDL particles, 0.1% tergitol, or activity buffer (A and B).
Delipidated rePON1s (0.2M) were incubated with a large excess of rHDL (&™), 0.1% tergitol (ca. 15«M detergent micelles), or
activity buffer and subjected to inactivation by EDTA (5 mM) gfianercaptoethanol (10 mM) at 3T. Aliquotes were taken at certain

time points and diluted in activity buffer, and residual activity was detected with phenyl acetate (1 mM). The initial activity of the delipidated
enzyme in buffer corresponds to 100%. Data were fitted to a monoexponential function for rePON1 in an apoA-I rHDL solution, and to

a double-exponential function for all the rest. Apparent half-litgg*f*2" were derived from the curves and are plotted as bar graphs (C
and D).

Table 2: Kinetic and Equilibrium Constants for the Inactivation of rePON1 &2@-rePON1 by EDTA ang-Mercaptoethanél

rePON1 A20-rePON1
Alb klinacliv A2b k2inacliv Al klinactiv Az kzinactiv
(fast phase) (h™h) (slow phase) (™) (fast phase) () (slow phase) (h™Y)

apoA-I rHDL® 0 - 1.0 0.01 0.36 5.5 0.64 0.03
apoA-IV rHDL® 0.1 11 0.9 0.01 0.45 5.7 0.55 0.03
PC/IFC 0.42 0.9 0.58 0.01 0.32 1.3 0.68 0.02
apoA-Il rtHDL® 0.68 0.4 0.32 0.03 0.76 35 0.24 0.1
tergitof 0.35 1.2 0.65 0.03 0.47 25 0.53 0.04
activity buffer 0.7 31 0.3 0.2 0.5 3.3 0.5 0.2

a Amplitudes @) and kinetic rates of inactivatiorki{a™) were derived by fitting the data to an exponential curve: monoexponential, in the case
of rePON1 interacting with apoA-1 rHDL, and double exponential for all the rest. Subscripts 1 and 2 designate the first (fast) and the second (slow)
phases of the inactivation, respectively. Each value represents the mean of two independent experiments. Standard deviations were less then 10%
of parameter values.Amplitudes of the first ;) and secondAy) phases of the inactivation are represented as the fractional values of the total
amplitude A; + A). These values correspond to the equilibrium constant for the partitioning between the aqueous (unbound) and lipid-bound
phases® All the rHDLs were prepared by cholate dialysis and contained PC, FC, and the respective apolipoprotein (no apolipoprotein in the case
of PC/FC). The tergitol solution was 0.1% in activity buffer [50 mM Tris (pH 8.0) and 1 mM glag&ttivity buffer samples were delipidated as
described in Materials and Methods.

The apoA-ll-anchored PON1 shows not only the highest (Table 2). Overall, anchoring of the truncated PON1 to
fraction of the fast phase (0.68; similar to that for the apoA-IrHDL increased the stability by a factor of 40 (Figure
delipidated sample) but also a higher rate of the slow phase2D). Interestingly, the PC/FC vesicles have a stronger effect
(k2" = 0.03 s1). Overall, PON1 anchoring onto apoA-lI  on the stability ofA20-rePON1 than apoA-l and apoA-IV
rHDL had dramatic effects on the enzyme’s activity and particles, indicating the importance of the N-terminus for
stability, leading to & 4-fold increase in arylesterase activity the interaction with apolipoproteins on HDL.
and a 350-fold increase in stability of the lipid-poor enzyme  Enzymatic Actiity MeasurementdVe examined the effect
(tyPPPareniyalues of~70 and 0.2 h for PONL1 in apoA-I rHDL  of various HDL preparations on the enzymatic activity of
mixture and buffer, respectively) (Figure 2C). rePONSs. Delipidated enzymes were incubated with rHDL
In contrast to the intact rePON1, the truncated enzyme particles over a range of HDL concentrations (corresponding
exhibited two conformations with all the rHDL particles to a HDL/PON ratio of 0.5-50), and the catalytic activity
(Figure 2B), and displayed increased (up to 10-fold) inac- was measured with various substrates at 1 ¥ values
tivation rates for both the first (fast) and second (slow) phase for all these substrates). Figure 3 shows the outcome of
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Ficure 3: Stimulation of the enzymatic activity of rePONL1 by different types of rHDLs (note the scale differences in the graphs). Delipidated
rePONL1, orA20-rePON1, was incubated with increasing concentrations of rHDLs (rHDL/rePON molar ratios-&0),%nd activity was

tested with paraoxon (A), phenyl acetate (Byvalerolactone (C), ang-dodecanoic lactone (D) (each substrate at 1 mM). All graphs refer

to rePONL1 interacting with apoA-I, apoA-ll, apoA-IV, and PC/FC rHDLs, a#0-rePON1 interacting with apoA-I rHDL; annotations are

the same for all the graphs. Stimulated activity is presented as the percentage of the initial activity of the delipidated enzyme. Data were
fitted to the Langmuir saturation curnvé & Vina{rHDL]/([rHDL] + Kap9 + 100]. Each curve represents an average of at least two experiments.
The concentration of rHDL was determined on the basis of the apolipoprotein concentration, assuming an apoA/rHDL ratio of 2/1.

titration of rePONs by rHDLs for four substrates: paraoxon, stimulated to a similar degree in both intact and truncated
phenyl acetate, and two lactones\alerolactone and the  PONL1.
hydrophobic y-dodecanoic lactone). In accordance with  The enzymatic activation data were fit to a Langmuir
previous observationd 9, 27), PON1 association with HDL ~ isotherm to giveVmax values (in percent relative to the
led to a modest stimulation of the enzymatic activity with delipidated PON1) anH,p, (concentration of HDL particles
paraoxon and phenyl acetate. The stimulatory effect of the required for 50% stimulation) reflecting the activation factor
different rHDL preparations was very similar, as well as the and the apparent affinity for each type of particle, respec-
increase in the activity of the intact versus truncated rePONL. tively (Table 3). This analysis indicated that the hydrolytic
The paraoxonase activity of rePON1 interacting with apoA-1 activity of intact rePON1 toward the hydrophobtedode-
rHDL increased by a factor of 2 relative to the initial activity —canoic lactone improves by a factor®24 when all enzyme
of the delipidated enzyme. The same effect was observedmolecules are anchored onto apoA-I rHDL particles. Neither
with apoA-IV patrticles, while apoA-Il rHDL and PC/FC  apoA-1V, apoA-Il, nor PC/FC vesicles are able to lead to
particles led to a slightly smaller stimulatory effect (Figure this level of stimulation, nor is the truncated enzyme activated
3A). The arylesterase activity exhibited au6-fold stimula- to the same degree. Interestingly, there are also variations
tion with apoA-l1 rHDL, while the activity of rePON1 in Kypp Stimulation of rePON1 by apoA-l rHDL gave 10-
interacting with apoA-1V, apoA-Il, and PC/FC particles fold lower K4, values for the weakly stimulated substrates
increased by 2:54-fold (Figure 3B). (paraoxon and phenyl acetat&;,, = 0.2 uM) than for the
Interestingly, the effect of HDL binding on PON1's lactones Kapp~ 2 uM). Do these differences imply differ-
lactonase activity, which has not been examined before, isences in affinity? Not necessarily. We believe that they result
more dramatic and highly specific to apoA-Il. Thus, rePON1 from having a heterogeneous population of apoA-l rHDL
treated with apoA-l1 rHDL exhibited a 15-fold increased particles. The fraction of particles that can induce the fully
activity with o-valerolactone and & 20-fold increased  activated enzyme form required for the lactone substrates is
activity with y-dodecanoic lactone (Figure 3C,D). Dihydro- roughly 10%, and hence the 10-fold highKg,, value.
coumarin, however, displayed a very mild stimulatory effect Notably, stabilization of the enzyme may be mediated by
of 2-fold only (not shown), suggesting that it behaves the larger fraction of particles. However, the composition
differently in comparison to the above lactone substrates. of these fractions remains unclear. The degree of stabilization
Other HDL particles led to significantly lower stimulatory of rePON1 at different apoA-lI rHDL concentrations gave
effects (2-5-fold). The A20-rePONL1 treated with apoA-I  an isotherm similar to that of arylesterase activation (Figure
rHDL exhibited an only 7-fold increased activity in ac- 3B) with aKgpp value of 0.3uM (Figure 4).
cordance with its decreased affinity. This also is in contrast The kinetic parameters for the hydrolysis of paraoxon,
to the paraoxonase and arylesterase activities that arephenyl acetatej-valerolactoney-dodecanoic lactone, and
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Table 3: Enzymatic Activation of rePON1s by rHDLs with Various Apolipoprotein Compos#ions

paraoxof phenyl acetate o-valerolactone y-dodecanoic lactone
Kapp(UM)®  Vimax (%)"  Kapp(uM) — Vimax (%) Kapp (uM) Vinax (%) Kapp (M) Vinax (%)
rePONZX-apoA-I rHDL 0.2+ 0.01 209+ 1 0.2+ 0.1 596+ 23 2.1+0.2 1740+ 48 1.4+ 0.1 2440+ 57
rePONt-apoA-IV rHDL 0.4+0.1 211+ 4 0.3+0.03 419+ 6 14+01 597+ 5 0.6+ 0.1 533+ 11
rePONE-PC/FC 0.8+ 0.1 140+ 1 0.4+ 0.1 232+ 4 1.7+ 0.2 226+ 5 0.5+0.1 415+ 8
rePON*-apoA-Il rHDL 0.6+ 0.1 169+ 2 0.7+ 0.1 281+ 5 147+ 25 312+ 25 1.8+0.3 346+ 11
A20-rePONZ%-apoA-I rHDL 0.4+0.1 201+ 3 0.5+ 0.1 529+ 11 71+1.1 1232+ 91 0.7+ 0.1 686+ 29

aData were fitted to the Langmuir saturation curve, from whichkhgandVmaxwere directly derived. All values represent the derived parameters
with the standard error of the fi£.All substrates were taken at 1 mMThe apparent affinity for HDL stimulation is the concentration of rHDL
that resulted in half-maximal stimulation of the activiynax values are presented as the percentage relative to the delipidated enzyme.
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Ficure 4: Stabilization of rePON1 at different apoA-1 rHDL
concentrations. Delipidated rePON1 (Q:®1) was preincubated
with a series of apoA-l rHDL concentrations and subjected to
inactivation by EDTA (5 mM) angs-mercaptoethanol (10 mM) at
37°C for 1 h. Residual activity was measured with phenyl acetate

10

(1 mM) and expressed as the percentage of the initial activity at

each HDL concentration. Data were fitted to the Langmuir
saturation curve, yielding Kapp of 0.3 uM.

5-HETEL were determined, for rePON1 with apoA-I rHDL,
micellar detergent (0.1% tergitol), or buffer (Table 4).
PONZ1’s catalytic activity K../Kv) is increased by~2-fold
with all the substrates in the presence of tergitol. Similar

rHDL correlate with thé/nax values derived from the titration
experiment (Table 3), although the lactonase activity did not
reach the maximal stimulation level (as indicated in Table
4) because of the highap, of rePONL1 for rHDL. Neverthe-
less, the lactonade./Km values of PON1 bound to apoA-I
rHDL are >10° M1 s™1, and the turnover numberk.§) are
>600 s1. Moreover, using an HPLC assay, we tested the
activity of PON1 bound to apoA-I rHDL toward 5-HETE
lactone, an endogenous product of arachidonic acid oxidation
shown to be a PON1 substratd)]. Thek../Ky reaches 1.5

x 10" M~ s71, while the Ky, appears to be in the low
micromolar range. These values are characteristic of highly
efficient enzymes acting on their native or physiological
substrate 39).

DISCUSSION

Application of Recombinant PONIh contrast to previous
studies that were performed primarily with serum-purified
human PON1, this study makes use of a recombinant PON1
variant generated by directed evolution for bacterial expres-
sion 33). The application of a reconstituted in vitro system
based entirely on proteins expressedEincoli provided a
mean of preventing contamination by copurified serum
components that can lead to conflicting resuii8, 30—32).

effects were observed for paraoxon and phenyl acetate wherOne would need to make sure, however, that the recombinant

the enzyme was treated with apoA-I rHDL, while the activity
with ¢-valerolactone ang-dodecanoic lactone increased by
14—18-fold, because of an increaseki;and a decrease in
Kwu. The affinity of rePON1 fory-dodecanoic lactone is lower
than that previously reportedld), probably due to the
incomplete solubility of/-dodecanoic lactone in the absence
of Triton detergent, which was omitted since it might cause
the dissociation of rePON1 from HDL. The increases in the
catalytic efficiency of the enzyme in the presence of apoA-I

PONL1 reproduces the properties of native PON1. The variant
applied here (G3C9) is a very close homologue of wild-type
rabbit PON1 (95% amino acid identity and 98% similarity)
and, in detergent micellar solution, was shown to possess
enzymatic properties identical to those of rabbit as well as
human PON1 with a wide range of substrate® 33). The
results presented here suggest that this rePON1 variant also
maintains the HDL binding properties of native PON1. All
the data presented here are novel, apart from the HDL-

Table 4: Enzymatic Parameters for rePON1 with ApoA-l rHDL, Micellar Detergent, or Buffer

activity buffer tergitol (0.1%) apoA-I rHDL
keat(s™)  Km (MM)  kealKu(M71s™)  Keat(S™)  Km(MM)  KealKm(M71s7™)  kear(s™) K (MM)  kealKu (M7's79)
paraoxon 3.3:03 09401 (3.7 01.3b) x 10° 58+1.1 0.9+0.2 (6.4+ %1b) x 100 3.740.2 05+0.1 (7.4+ %2b) x 10°
phenyl acetate 502 44 2.6+0.8 (2.0+ ol.5b) x 10 645+21 1.6+0.6 (5.6+ 13.9]) x 1P 685+ 93 0.8+0.1 (8.6+ %) x 106
o-valerolactone 94-20 1.0+0.1 (0.9+ 01.%) x 1P 156+10 0.9+£0.1 (1.7+ 02][)) x 1P 632+ 16 0.5+£0.1 (1.3 2418 x 108
y-dodecanoic lactorfe nd? na? 2.2+ 01.2b) x 100 34+4 074+0.1 (4.9+ 02411]) x 10 101+1 0.3+0.1 (B.Qié)é;z x 10°
5-HETEL nd! ncH na? nd? ncH nd?

(1.74£0.3) x 100
(P

(4.6+ 1) x 108 (1.54 0.3) x 107
(3P (9P

a Delipidated rePON1 (0.2M) in activity buffer was incubated with 0.1% tergitol or apoA-I rHDL (1) and subjected to Michaelis
Menten kinetic analysis. Each value represents the metie standard deviation of two experimerit®old numbers show thefold improvement
of kealKwm relative to that of the delipidated enzyme in activity buffep-Dodecanoic lactone requires addition of detergent due to the low solubility
in buffer (13). However, the detergent was omitted since it might cause the dissociation of rePON1 fronf N&tLdetermined.
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Table 5: Correlation of Affinity, Stability, and Lactonase Activity of PON1 on Various HDL Particles

rePON1 A20-rePON1
Kd (M)a AG|OV\/AfaSlb tllzapparem(h)c Vmax(%)d Kd (M)a AS|0V\/AfaSIb tllzapparen(h)c Vmax (%)d
apoA-I rHDL <0.75x 10°° >100 69 2440 1.x 107 2 8 686
apoA-1V rHDL <1.3x 107° 9 59 533 1.6x 1077 1 3 nct
PC/FC <3.2x10° 1 14 415 5.9 10°8 2 15 367
apoA-Il rHDL <4.4x 108 0.5 2 346 1.8x 1078 0.3 0.2 nd

a Affinity constants Kq) were obtained from the BlAcore binding experiments (Table® Partition coefficients of rePON1s between the lipid
and aqueous phasBsbw/Aras) Were derived from the stability measurements (TableAd)w and Asst Stand forA, and Ay, respectively ¢ Apparent
half-lives ¢1,2°Pae" were derived from the stability measurements (Figure 2C!B)imulation factors withy-dodecanoic lactoneVg,ay) were
derived from the analysis of enzymatic activation of rePON1s by rHDLs (TableN&)t determined.

mediated stimulation of PON1's arylesterase activity (Figure the affinity of which for PONL1 is presumably in the upper
3B). This has been examined before with human PON1 andmicromolar range.
both native 19) and rHDL (18, 19, 27) particles, and yielded PONZ1’s Association with Different HDL ParticleBON1
essentially identical stimulation patterns, in terms of both possesses a very high affinity for apoA-I rHDK4< 10°°
Vimax (activation factors) and,pp In fact, the resemblance M), and very slow dissociation kinetics (half-life ¢f80
of rePON1 G3C9 to native PONL1 is not surprising, consider- min). For comparison, binding of another HDL-associated
ing that most of the amino acid substitutions acquired in the enzyme, lecithin cholesterol acyl transferase (LCAT), to
course of laboratory evolution are located in buried regions apoA-I rHDL proceeds with & 100-fold lower affinity, and
of the protein 40). In addition, it appears that glycosylation its dissociation rate is 80 times faster37). While apoA-
is not essential for the enzymatic activity of PONLD,(33), IV and PC/FC particles still bind PON1 with nanomolar
or for the anchoring of the enzyme onto HDL, as expected affinities, apoA-Il particles displayed a decrease in affinity
from the location of PON1's glycosylation sites that appear of ca. 100-fold, reduced stability, and enzymatic activity.
to be distant from the HDL's surfacel4). Thus, the These findings account for previous ex vivo experiments,
bacterially expressed rePON1 variant used in this study in which apoA-I rHDL was shown to act as an optimal PON1
appears to preserve both the enzymatic properties of nativeacceptor, although phospholipid vesicles could also promote
PON1 and its HDL binding properties, thus making it a PON1 release1@, 19, 26). In vivo studies showed that
useful tool in the mechanistic and structural studies of PON1. apoA-| deficiencies 41, 42), as well as apoA-I knockout
Correlating Affinity, Stability, and Lactonase Adaty. A mice (18, 43), are characterized by lower PON1 levels.
remarkable correlation was observed between the affinity, Further, PON1 activity in the apoA-I deficient mice was
the stability, and the enzymatic activity of PON1 on various associated with the VHDL fractions that contain, among other
HDL particles. Taken together with the affinity measure- apolipoproteins, apoA-IV 44, 45), suggesting that these
ments, the first (fast) and second (slow) phases of the particles can act as secondary PONL1 carrié. (
inactivation reaction A; and A, respectively) appear to Ex vivo studies reported different observations regarding
correspond to the solution (unbound) and HDL-bound PON1 PON1 association with apoA-ll-containing HDL: on one
molecules, respectively. Assuming that the lipid- or HDL- hand, apoA-Il particles could promote PON1 secretion and
bound form is the more stable one, the ratio of these stabilize the enzymel@), but on the other hand, there was
amplitudes provides a measure of the partition coefficient a loss of PON1 activity from apoA-Il vesicle§). In vivo
of the enzyme between the lipid particles (or detergent studies, however, consistently indicate the detrimental effect
micelles) and the aqueous phase. Table 5 shows a comparisonf apoA-Il on the PON1 content of HDL that is in agreement
of the ratio between the amplitudes of the slow and fast phasewith the dramatically reduced affinity, stability, and lactonase

of the inactivation kineticsAsiow/Aras), With the dissociation
constants i4) of PON1 for different rHDL particles. The

activity observed here. ApoA-Il transgenic mice exhibited a
substantial reduction in serum PON1 levels and specific

two parameters correlate for both intact and truncated activity, including the loss of the ability to inhibit LDL

rePON1. The marked difference between apoAslof/Asast
> 100) and apoA-1V Asow/Arast = 9) supports our assumption
that the affinity of PON1 for apoA-I rHDL is significantly
higher than our estimatd§ < 0.75 x 10°° M). A marked

oxidation @7—50). The negative effects of apoA-Il might
be related to several factors, including the highly hydrophobic
nature of apoA-Il and the size of HDL particles. ApoA-ll
readily displaces apoA-I from native and reconstituted HDL

difference between apoA-I and apoA-IV was also observed (51—-53), and becomes associated with smaller HDL com-

with the level of lactonase activity (Figure 3C,D).
Altogether, the stability and lactonase activity of the HDL-
anchored PONL1 correlate very well with its affinity toward
these particles (Table 5). By virtue of the high binding
affinity (Kg << 10°° M), apoA-I rHDL particles induce a
single, highly stable, and active conformation of PONL.
ApoA-1V appears to have similar although lower capability,
and significantly lower affinity. ApoA-ll has a marked
negative effect; the affinity, stability, and enzymatic activity
of PON1 are dramatically reduced relative to those of
lipopoprotein-free particles (PC/FC vesicles). The latter

plexes B4, 55). Smaller HDL particles were shown to be
less efficient PON1 acceptordq). Formation of apoA-II
particles from apoA-l1 HDL influences the function of the
most important enzymes in HDL metabolism, leading to
inactivation of LCAT 65), inhibition or activation of hepatic
lipase 66), and inhibition of LDL—HDL lipid exchange
mediated by phospholipid transfer protebi’). Given the
above, it is tempting to speculate that apoA-Il competes for
the hydrophaobic sites of HDL, thus preventing the association
of PONL1 with the lipoprotein.

PON1’'s Mode of Binding to HDL.The affinity of

clearly provide a better environment than detergent micelles, N-terminally truncated PON1A20-rePON1) is>100 fold
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lower compared to that of the intact protein, for all rHDL cated that HDL stimulates PON1’s arylesterase activity by
particles almost regardless of their protein component (Table a factor of~5 (18, 19, 27). Here, we extended these studies
1). This observation supports the established role of PON1'sto examine the selectivity of the catalytic stimulation and
N-terminal helix in association with lipoproteinslg). the role played by different lipid and protein components.
Moreover, the highest affinity and stability of the truncated Our results indicate unequivocally that apoA-1 HDL has a
PON1 were observed with PC/FC vesicles devoid of any unique ability to stimulate the lactonase activity of PON1,
apolipoprotein, probably indicating the involvement of the an activity that is now deemed PON1’s native activity),(
N-terminus in the interaction with apolipoproteins on HDL. 13). The specific lactonase stimulation effect was not
However, the affinity of the truncated PON1 is comparatively observed with other apolipoproteins, phospholipid vesicles,
high and very similar to that of LCAT (th&q for apoA-I or detergent micelles, which activate all activities (paraoxo-
rHDL is 1.2 x 1077 M), suggesting the role of additional nase, arylesterase, and lactonase) to a similar degree. The
parts of PON1. Indeed, the crystal structure of PON1 N-terminus of PON1 does not seem to be directly involved
indicated the existence of an amphipatic helix (H2) in the in the stimulation process, as the lactonase activity of the
vicinity of the N-terminal helix (H1) and PON1’s active site truncated variant20-rePONL1) is also stimulated by apoA-I
(14), which could be involved in HDL binding. In fact, H2  HDL, although to a lower degree than the intact enzyme in
comprises part of the active site wall, and the model suggestsaccordance to the decreased HDL affinity.

that the top of the active site is partly covered by the HDL

surface. One of the active site loops is disordered and hencecONCLUSIONS

not seen in the structure (residues-73), and may comprise This study shows that dramatic changes in the biochemical
an active site lid. While the detailed mode of binding is yet 5,4 enzymatic properties of PON1 take place upon its

to be resolved,_ it appears that_ PONZ1 exhibits some d_iSti”Ctassociation with HDL. Apolipoprotein A-l appears to play
features of an interfacially activated enzyme. Intere_stmgly, an important role in this interaction by generating lipoprotein
the presence of the transmembrane helix that reinforcespaicles with an unexpectedly high affinity for PON1 and
membrane binding mediated by hydrophobic elements sur-jnqycing a single, highly stable, and active conformation of
rounding the active site entrance (e.g., H2) is @ coOmmon e enzyme. Altogether, it appears that PON1 is a highly
charactgrlstlc of unconventlonalllntegral membrane Pmte'”s’proficient, interfacially activated lactonase. Moreover, our
suggesting a modular adaptation of soluble proteins that gyctural and biochemical studies of PON1 suggest that it
directs them to the membrane surfabe)( belongs to the newly emerging family of unconventional
Stabilization of PON1 by HDLPrevious reports on  jntegral membrane proteins (IMPsg). These enzymes

PONT1's interaction with HDL indicated the increased stabil- 4ghere to the membrane bilayer through variable structural
ity of enzyme samples in the presence of the lipoproteins glements, and gain access to their hydrophobic substrates
(18, 19) and a significant decrease in the levels of serum py the intimate relationship between the membrane-binding
PONL1 in apoA-l deficiency diseased( 42). Our results  4omain and active site. Future studies will elucidate whether
confirm that PON1's stability depends on its lipidation state, the interfacial effects are mediated through direct interaction

and provide a quantitative description of at least two distinct apoA-I with PON1, and which molecular elements of both
forms of PONL. In a micellar solution of various amphiphiles proteins are involved in this interaction.

(be they lipoproteins or detergents), PON1 exists in two

distinct forms: stablet{;"2 ~ 70 h) and unstablet,(;"at ACKNOWLEDGMENT
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