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Analysis of the haptoglobin binding region on
the apolipoprotein A-I-derived P2a peptide®
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Apolipoprotein A-l1 (ApoA-l) is the main protein component of the high density lipoproteins and it plays an important role in the
reverse cholesterol transport. In particular, it stimulates cholesterol efflux from peripheral cells toward liver and activates the enzyme
lecithin-cholesterol acyltransferase (LCAT). Haptoglobin (Hpt), a plasma a>-glycoprotein belonging to the family of acute-phase
proteins, binds to ApoA-l inhibiting the stimulation of the enzyme LCAT. Previously, we reported that a synthetic peptide, P2a, binds
to and displaces Hpt from ApoA-I restoring the LCAT cholesterol esterification activity in the presence of Hpt. Here, we investigate
the molecular determinants underlining the interaction between Hpt and P2a peptide. Analysis of truncated P2a analogs showed
that P2a sequence can only be slight reduced in length at the N-terminal to preserve the ability of binding to Hpt. Binding assays
showed that charged residues are not involved in Hpt recognition; actually, E146A and D157A substitutions increase the binding
affinity to Hpt. Biological characterization of the corresponding P2a peptide analogs, Apo146 and Apo157, showed that the two
peptides interfere with Hpt binding to HDL and are more effective than P2a peptide in rescue LCAT activity from Hpt inhibition. This
result suggests novel hints to design peptides with anti-atherogenic activity. Copyright © 2013 European Peptide Society and John

Wiley & Sons, Ltd.
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Introduction

Apolipoprotein A-I (ApoA-l), the major protein component of the
high density lipoproteins (HDL), plays an important role in the
reverse cholesterol transport (RCT). It stimulates the efflux of choles-
terol from peripheral cells toward liver and activates the enzyme
lecithin-cholesterol acyltransferase (LCAT; EC 2.3.143) to convert
cell-derived cholesterol into cholesteryl ester for HDL mediated
transport to liver for excretion [1]. ApoA-l is composed of 243 amino
acids organized in ten a-helix segments divided in eight 22-mer and
two 11-mer repeats with a predominant amphipathic character. The
structure of ApoA-l has been deeply investigated using several
experimental techniques. These studies showed that ApoA-l is a
dynamic protein characterized by structural plasticity depending
on the lipid composition of HDL [2-8].

We previously reported that ApoA-l binds to Haptoglobin (Hpt)
[9,10]. Hpt is a plasma «,-glycoprotein, mainly expressed in the liver,
belonging to the family of acute-phase proteins. Hpt binds free
Hemoglobin (Hb) with extremely high affinity [11-13], and the
complex is then caught by macrophages and hepatocytes for
elimination from circulation [13,14]. In this way, Hpt prevents iron loss
and represents the primary defense mechanism against free Hb
[15,16]. Furthermore, Hpt protects ApoA-l against hydroxyl radicals,
thus saving the apolipoprotein function in physiological conditions
[17]. On the other hand, high levels of Hpt, as those circulating during
inflammation, impair ApoA-l stimulation of both LCAT [9,10] and
cholesterol uptake by hepatocytes [18]. Thereby, cholesterol removal
from peripheral cells would be hampered, suggesting that high
levels of Hpt, as present during the acute phase of inflammation,
may play a critical role in worsening vascular endothelial dysfunction
and accelerating atherosclerosis. Indeed, several studies have confirmed
that high levels of Hpt are associated with increased risk of devel-
oping cardiovascular events or myocardial infarction [19-21].

We mapped the Hpt binding site on ApoA-I region 141-164, which
overlaps with the ApoA-l domain required for LCAT stimulation [22].
This suggests that Hpt impairs LCAT activity by masking the stimula-
tory region of ApoA-l. Furthermore, we showed that a synthetic
peptide, P2a, reproducing the ApoA-l sequence 141-164, binds to
and displaces Hpt from ApoA-I on HDL surface [23]. The peptide
P2a was able to restore the LCAT cholesterol esterification activity
in the presence of Hpt in vitro [23] and in vivo in an experimental
model of inflammation [24]. These results indicate that P2a effectively
targets the Hpt-HDL recognition surface and suggest that P2a could
be a promising candidate to modulate pharmaceutically the RCT.

In this context, we aim to investigate the molecular determinants
underlining the interaction between Hpt and P2a peptide. In this
work, we synthesized, characterized by CD spectroscopy and
analyzed the biological properties of a series of P2a peptide analogs
in order to address either the effect of peptide length and the role of
charged residues. Finally, we selected two single amino acid substitu-
tions which improved the biological activity of P2a.
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Materials and Methods

Chemicals

Fmoc protected amino acids and coupling reagents were
purchased from Inbios (Naples, Italy). PAL-PEG PS (Peptide
Amide Linker - polyethylene glycol-polystyrene) resin was
obtained from Perseptive Biosystem GmbH (Hamburg, Germany).
Peptide synthesis solvents with the lowest water content (DMF,
NMP (N-Methyl-2-pyrrolidone), and DCM) and acetonitrile were
supplied by Romil (Cambridge, UK) and used without further puri-
fication; DIPEA, acetic anydride, piperidine, TIS (triisopropylsilane),
diethyl ether, and HPLC solvents were from Sigma-Aldrich
(Milan, Italy).

Biochemicals

Chemicals of the highest purity, fraction V BSA, human serum
albumin, cholesterol, human Hpt (mixed phenotypes: Hpt 1-1,
Hpt 1-2, and Hpt 2-2), rabbit anti-human Hpt IgG, goat anti-
rabbit horseradish peroxidase-conjugated, o-phenylenediamine,
Avidin-HRP, and molecular weight markers were purchased from
Sigma-Aldrich (Milan, Italy). Human HDL was from Merck Millipore
(Darmstadt, Germany). [1a,2¢->H] Cholesterol (45 Ci/mmol) was
obtained from Perkin Elmer (Boston, USA). Polystyrene 96-wells
plates from Nunc (Roskilde, Denmark) and Sil-G plates for thin-layer
chromatography (0.25mm thickness) of Macherey-Nagel (Duren,
Germany) were used. Sephacryl S-200, Blue Sepharose 6 Fast Flow,
and CNBr-activated Sepharose were purchased from GE Healthcare
Europe GmbH (Milan, Italy).

Solid Phase Peptide Synthesis

Peptides were synthesized on PAL-PEG PS resin (0.42 mmol/g)
using standard Fmoc/tBu chemistry. Fmoc deprotection was
performed washing the resin two times (7 min) with a solution of
30% piperidine in DMF, coupling reactions were performed with
8 equiv of Fmoc-amino acid and 7.9 HBTU/HOBt, 16 eq DIPEA in
DMF for 45min at room temperature, capping step (1 x 5min)
was performed with a solution of acetic anhydride (0.5 M)/HOBt
(0.015M)/DIPEA (0.125M) in DMF. Each step was followed by
five washing with DMF for 1 min. Peptides were biotinylated on
solid phase reacting the peptide N* amino group, after Fmoc
deprotection, with 2 equiv of N-(+)-biotinyl-6-aminocaproic acid
(Sigma-Aldrich, Milan, Italy), 2 equiv of HATU and 4equiv of
DIPEA in DMF o.n. at room temperature under shaking.

Peptide cleavage was performed using TFA/TIS/H,O/EDT (94 : 1
1 2.5 : 2.5; v/v/v/v). Peptides were precipitated in cold ether and
liophilyzed.

Peptide Purification and Analysis

Peptide purifications were carried out on a Shimadzu LC-8A,
equipped with an SPD-M10 AV detector, using a C18 column
Jupiter (250 x 10 mm, 300 , 10 um; Phenomenex, Torrance, USA).
Peptide identification was performed on the LC-MS Finnegan
Surverior Thermo C (Thermo Fisher Scientific, Waltham, USA)
equipped with an ESI source and single quadrupole mass
analyzer coupled to a Surveyor HPLC system (with photo diode
array detector) using a C18 column Jupiter (250 x 4.6 mm, 300 ,
5um; Phenomenex, Torrance, USA). Peptide analytical charac-
terization was carried out on a Hewlett Packard HP1100 HPLC
equipped with UV detector using a C18 column Jupiter

(250 x 4.6 mm, 300 , 5 um; Phenomenex, Torrance, USA). Linear
gradients of CH3CN (0.1% TFA) in H,O (0.1% TFA) at a flow
rate of 1 ml/min were used in peptide analyses as reported
below (5-70-30: from 5% to 70% over 30 min). All peptides were
afforded in high pure and homogenous forms as assessed by
analytical RP-HPLC (>95%-based chromatographic profile revealed
at 210 nm).

Peptide P2a: MS m/z calcd 2756.3 Da, found 2757.2 Da, RP-HPLC
R:=13.4 min (20-80-40); biotinylated MS m/z calcd, 3052.6 Da, found
3050.6 Da, RP-HPLC R;=16.0 min (5-70-30).

Peptide Apo146: MS m/z calcd, 2700.9 Da, found 2704.2 Da,
RP-HPLC R =17.1min (5-70-25); biotinylated MS m/z calcd,
2996.9 Da, found 2998.4 Da, RP-HPLC R, = 18.3 min (5-70-25).

Peptide Apo147: MS m/z calcd 2700.9 Da, found 2698.6 Da,
RP-HPLC R;=17.0min (5-70-25); biotinylated MS m/z calcd
2996.9 Da, found 2997.5 Da, RP-HPLC R, =24.6 min (5-70-30).

Peptide Apo149: MS m/z calcd 2673.9 Da, found 2670.6 Da,
RP-HPLC R;=17.6min (5-70-25); biotinylated MS m/z calcd
2969.9 Da, found 2970.2 Da, RP-HPLC R, =23.8 min (5-70-30).

Peptide Apo150: MS m/z calcd 2714.9 Da, found 2711.1 Da,
RP-HPLC R.=16.8min (5-70-25); biotinylated MS m/z calcd
3010.9 Da, found 3010.1 Da, RP-HPLC R;=24.8 min (5-70-25).

Peptide Apo151: MS m/z calcd 2673.9 Da, found 2671.2 Da,
RP-HPLC R;=17.8min (5-70-25); biotinylated MS m/z calcd
2969.9 Da, found 2970.5 Da, RP-HPLC R, =25.5 min (5-70-30).

Peptide Apo153: MS m/z calcd 2673.9 Da, found 2670.8 Da,
RP-HPLC R =174 min (5-70-25); biotinylated MS m/z calcd
2969.9 Da, found 2970.5 Da, RP-HPLC R;=22.5 min (5-70-30).

Peptide Apo155: MS m/z calcd 2692.9 Da, found 2688.0 Da,
RP-HPLC R;=19.0min (5-70-30); biotinylated MS m/z calcd
2988.9 Da, found 2987.3 Da, RP-HPLC R;=21.3 min (5-70-30).

Peptide Apo157: MS m/z calcd 2714.9 Da, found 2712.2 Da,
RP-HPLC R =17.0min (5-70-25); biotinylated MS m/z calcd
3011.0 Da; found 3009.6 Da, RP-HPLC R, =23.0 min (5-70-30).

Peptide Apo160: MS m/z calcd 2673.9 Da, found 2671.2 Da,
RP-HPLC R,=13.0min (5-60-8); biotinylated MS m/z calcd
2969.9 Da, found 2970.5 Da, RP-HPLC R;=23.0 min (5-70-30).

Peptide Apo162: MS m/z calcd 2692.9 Da, found 2692.6 Da,
RP-HPLC R.=18.1min (5-70-25); biotinylated MS m/z calcd
2988.9 Da, found 2987.3 Da, RP-HPLC R, =23.1 min (5-70-30).

Peptide Apo144-164: MS m/z calcd 2458.7 Da, found 2459.9 Da,
RP-HPLC R;=16.1min (5-70-25); biotinylated MS m/z calcd
2755.5 Da, found 2756.8 Da, RP-HPLC R.=16.5 min (5-70-25).

Peptide Apo146-164: MS m/z calcd 2288.5 Da, found 2288.9 Da,
RP-HPLC R.=153min (5-70-25); biotinylated MS m/z calcd
2586.0 Da, found 2586.0 Da, RP-HPLC R;= 15.3 min (5-70-25).

Peptide Apo141-161: MS m/z calcd 2434.7 Da, found 2433.3 Da,
RP-HPLC R;=16.8min (5-70-25); biotinylated MS m/z calcd
2732.2 Da, found 2732.9 Da, RP-HPLC R;=16.8 min (5-70-25).

Circular Dichroism spectroscopy

Far-UV circular dichroism spectra were recorded on a J-715 spectro-
polarimeter (Jasco, Easton, USA), equipped with a PTC-4235/15
Peltier temperature controller, using a 0.1 cm quartz cell (Hellma,
Milan, Italy) in the range 190-260 nm. Peptides (100-200 uM) were
dissolved in 10 mM phosphate buffer pH7.1 and variable volume
of TFE. Spectra were acquired at 20 °C using a band width of 1 nm,
a response time of 8s, a data pitch of 0.5 nm, and a scanning speed
of 10 nm/min. Each spectrum has an average of three scans with the
background of the buffer solution subtracted. CD data were
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expressed as molar residue ellipticity (6). Spectra were processed
using the Spectra Manager software by Jasco.

Purification of Hpt

Hpt was isolated from plasma of healthy subjects by a multi-step
purification procedure, essentially according to Cigliano et al. [18].
Plasma proteins were fractionated by salting out in ammonium
sulfate, and the protein solution was then freed of salts by gel
filtration with a column of Sephacryl S-200. Fractions containing
Hpt were pooled and further processed by affinity chromatography
with a column of Blue Sepharose 6 Fast Flow. The column was
equilibrated with P-buffer (20 mM Na,HPO,/ NaH,PO, pH7.0) and
then loaded at 30 ml/h flow rate at room temperature. The material
not retained by the resin was collected, and then the column was
extensively washed with P-buffer, and finally eluted with 2M Nacl
in P-buffer. Hpt was further purified by affinity chromatography
using a Sepharose resin coupled to anti-Hpt IgGs. The purity of
isolated Hpt was over 98%, as assessed by SDS-PAGE and densito-
metric analysis of Coomassie-stained bands. The molarity of each
Hpt phenotype was determined by measuring the protein concen-
tration as mg/ml [25] and calculating the molecular weight of the
monomer of} as previously described [26].

ELISA

ELISA was performed essentially as previously reported [23,27]. In
particular, experiments of peptides binding to Hpt were performed
incubating the wells with of 0.5 ug of Hpt in 50 pl of coating buffer
(7mM Na,COs, 177 mM NaHCOs, 1.5mM NaNs, pH9.6). After four
washes by TBS (130 mM NaCl, 20 mM Tris-HCl, pH 7.4) containing
0.05% (v/v) Tween 20 (T-TBS) and four washes by high salt TBS
(500 mM NadCl in 20 mM Tris-HCI at pH 7.4), the wells were blocked
with TBS (Tris-buffered saline) containing 0.5% BSA (1 h, 37°C). The
wells were then incubated with 55 pul of biotinylated peptide (0.3, 1,
3, or 10 uM). Bound peptides were then incubated (1 h at 37 °C) with
60 pl of Avidin-HRP diluted 1 : 10 000. Peroxidase-catalyzed color de-
velopment from o-phenylenediamine was measured at 492 nm [28].
Competition experiments were performed coating the wells with
0.5 pg of HDL diluted as described earlier. A mixture of Hpt (0.9 uM)
with acetylated peptides embedded into proteoliposomes (1, 5, 10,
20 or 30 uM peptide concentration) in CB-TBS buffer (5 mM CaCl,,
0.2% BSA, 130 mM NadCl, 20 mM Tris-HCl, pH 7.3) was kept for 2 h at
37°C and then incubated in the wells (2 h, 37 °C). Hpt binding was
detected by treatment with 60 pl of rabbit anti-Hpt IgG (1 : 2000
dilution T-TBS containing 0.25% BSA; 1h, 37°C) followed by goat
anti-rabbit horseradish peroxidase-conjugated-linked IgG (1 : 4000
dilution, 1h, 37°C). Color development was monitored at 492 nm.
Absorbance values were converted to the percentage of Hpt binding
in the absence of acetylated peptide.

The acetylated P2a, Apo146, and Apo157 peptides were embed-
ded into proteoliposomes (peptide/lecithin/cholesterol, 1.5 : 200 :
18 molar ratio) prepared by the cholate dialysis technique [27]. In
detail, egg lecithin in ethanol was mixed with cholesterol in ethanol,
into a glass vial. The solvent was evaporated under nitrogen stream
and to the dried lipids, Tris-saline (85 mM sodium cholate, 150 mM
NaCl, 10 mM Tris-HCl, pH 8) was added. After vigorous whirling, the
micelle suspension was incubated (90 min, 37°C) and repeatedly
shaken until clear. Then, peptide was added to the lipid suspension,
which was further incubated for 1Th at 37°C. The resulting
proteoliposome suspension was extensively dialyzed against TBE
(140mM NaCl, TmM EDTA, 10mM Tris-HCl, pH7.3), at 4°C, to
remove cholate.

The molarity of Hpt (mixed phenotypes) was expressed as
concentration of monomer, that is, the unit containing one
subunit f (40 kDa) and one subunit o (x, 8.9 kDa, or o, 16 kDa)
[10,13].

LCAT assay

A pool of plasma samples, treated with 0.65% DS (MW =50kDa) in
0.2M CaCl, to remove lipoproteins, was used as source of LCAT
(DS-treated plasma). The enzyme activity was measured using a
proteoliposome (ApoA-I/lecithin/cholesterol=1.5 : 200 : 8 molar
contribution) as substrate, essentially according to published
procedures [23]. Control assays were performed without Hpt and
peptides, or in presence of Hpt. The proteoliposome was prepared
by the cholate dialysis technique [29]. In detail, 8 pl of 50 mg/ml
egg lecithin in ethanol were mixed with 18 pl of 1 mg/ml cholesterol
in ethanol, 40 pl of [1,2-H(N)]-cholesterol (1 uCi/ml) into a glass vial.
The solvent was carefully evaporated under nitrogen stream at room
temperature, and to the dried lipids, 170 pl of a suspension medium
(85 mM sodium cholate, 150 mM NaCl, 10 mM Tris—HCI, pH 8) was
added. After vigorous whirling (3 min, room temperature), the
micelle suspension was incubated (90 min, 37°C) and repeatedly
shaken every 10 min until clear. Then, 90 ul of 1.20 mg/ml ApoA-I
was added to the lipid suspension, which was further incubated for
1 h at 37 °C. The resulting proteoliposome suspension was extensively
dialyzed against TBE (140 mM NaCl, TmM EDTA, 10mM Tris-HCI,
pH 7.3), at 4°C, to remove cholate. The dialyzed volume was adjusted
to 285l using TBE. The reaction mixture (1 ml final volume) was
prepared by putting together 697 pl of TBE containing 5 mM CaCl,,
83 ul of 6% human serum albumin, and 160 ul of proteoliposome
suspension (diluted 1 : 20 in TBE) into a screw-capped tube and
heating at 38°C for 30 min. The assay was carried out by addition of
2.5 ul of 2mM f-mercaptoethanol and 3.5 pl of DS-treated plasma to
100l of reaction mixture, which was rapidly divided into three
aliquots of 32 pl and incubated (1 h, 37 °C). The reaction was stopped
by addition of 130l of ethanol to each aliquot. The lipids were
extracted in 600l of hexane, containing 10 ug/ml cholesterol and
10 ug/ml cholesteryl linoleate. After recovering the organic phase,
the aqueous phase was again treated with 500l of the extraction
solution (twice), and the three extracts were pooled. Hexane was
removed under nitrogen stream, and the dried lipids were dissolved
in 50ul of chloroform. Cholesteryl esters were separated from
cholesterol by thin layer chromatography, using petroleum ether,
diethyl ether, and acetic acid (90 : 30 : 1, v : v : v) as mobile phase.
The lipid spots were visualized under iodine vapor and recovered for
scintillation analysis. The enzyme activity was expressed in units (hmol
of cholesterol esterified/h/ ml of plasma).

Statistical Analysis

ELISA was carried out with three replicates. Samples in the LCAT
assay were analyzed in triplicate. The data were expressed as mean
value £ SEM. The program GraphPad Prism 5.01 (GraphPad Software,
San Diego, CA, USA) was used to evaluate significance of statistical
differences by one-way ANOVA, followed by Tukey's test for multiple
comparisons.

Results and Discussion
Peptides Design and Synthesis

In order to identify the P2a residues involved in Hpt recognition, we
designed a series of P2a analogs by varying the peptide length or by

|
wileyonlinelibrary.com/journal/jpepsci Copyright © 2013 European Peptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2013; 19: 220-226



CHARACTERIZATION OF A HAPTOGLOBIN PEPTIDE BINDER

Journal of

Peptide

introducing single point mutations. In particular, peptide P2a
sequence, which reproduces ApoA-l 141-164 region, contains eight
charged residues and two histidines that are highly conserved
between species (Figure 1). We singularly replaced each of these
residues with alanine, in order to evaluate the contribution of the
side-chains to the binding to Hpt (Table 1). Furthermore, P2a was
truncated at both terminal sides to evaluate the minimal sequence
requirements for its bioactivity (Table 2).

Binding Analysis of P2a Analog Peptides to Hpt

In order to evaluate the minimal P2a sequence required for Hpt
binding, different amounts (0.3, 1, 3 or 10uM) of biotinylated
truncated peptides (Apo141-161, Apo144-164, and Apo146-164)
were loaded into Hpt-coated wells, and their efficiency of binding
to Hpt was compared with that of P2a by ELISA. As shown in Figure 2
(A), the peptide Apo144-164 bound Hpt with efficiency similar to that
of P2a, when used at 0.3 or 1 uM concentration and higher than P2a
(p < 0.01) when used at 3 or 10 uM concentration. The deletion of
two more residues at the N-terminal of P2a (Apo146-164) resulted
in an evident drop of binding efficiency with respect to P2a at all
the assayed concentration. The C-terminal truncated peptide
Apo141-161 exhibited a binding efficiency lower than P2a (p < 0.01)
in the range 0.3-3puM and similar to P2a when used at 10uM
concentration. These results suggest that the ApoA-l sequence
144-164 is essential for the binding to Hpt.

In order to assess the Hpt binding contribution of charged
and histidine residues, ten conserved residues were replaced
with alanine (Table 1). The biotinylated peptides were separately
incubated in Hpt-coated wells and Avidin-HRP was used to detect
their binding to Hpt. The analysis of the peptide binding to Hpt
showed that replacement with alanine is not detrimental. In
particular, the peptides with Glu146Ala (Apo146), Asp157Ala
(Apo157), or His162Ala (Apo162) substitutions showed a binding
efficiency to Hpt significantly higher (p < 0.01) than P2a, at any
concentration used in the assay [Figure 2(B)]. Notably, this effect
was dose-dependent.

The results of the binding experiments suggest that charged and
histidine residues are not involved in Hpt recognition, and hydropho-
bic interactions play a major role in driving the binding. The increase
in binding efficiency of Apo146 and Apo157 peptides could reflect
the elimination of an unfavorable electrostatic interaction or the
stabilization of a more favorable conformation. Indeed, amino acids

141 150 160

| | |
LSPLGEEMRDRARAHVDALRTHLA Human
LTPVAEEARDRLRGHVEELRKNLA Chicken
LTPVAEEVRDRLREQVEELRKNLA Quail
LTPVAEEARDRLRGHVEELRKNLA Duck
LKVVAEEFRDRMRVNADALRAKFG Rat
LSPVAEEFRDRMRTHVDSLRTQLA Mouse
LSPLGEEVRDRARAHVDALRTHLA Monkey
LSPLAEELRDRLRAHVEALRQHVA Pig
LSPLAQELRDRARAHVE TLRQQOLA Bovin
LSPLAEELRDRARTHVDALRAQLA Dog
LSPLAEELRDSARTHVDTLRTKLA Rabbit
VTPLGEDLRDSVRAYADTLRTQLA Tree shrew
MEPVVEEMRAKVSTNVEE TKAKLN Brown trout
IDPVVEEMRAKVAVNVEE TKTKIM Salmon
LEPLMDDIRKAFESNIEETKSKVV Zebrafish
LEPVMEELRTKIQANVEETKAVIM Sea bream

Figure 1. Sequence alignment of ApoA-l 141-164 region from different
sources. Charged and histidine residues are highlighted in red.

Table 1. Amino acid sequence of P2a and alanine substituted
analogs

Peptide Sequence

P2a Ac-LSPLGEEMRDRARAHVDALRTHLA-NH,
Apo146 Ac-LSPLGAEMRDRARAHVDALRTHLA-NH,
Apo147 Ac-LSPLGEAMRDRARAHVDALRTHLA-NH,
Apo149 Ac-LSPLGEEMADRARAHVDALRTHLA-NH,
Apo150 Ac-LSPLGEEMRARARAHVDALRTHLA-NH,
Apo151 Ac-LSPLGEEMRDAARAHVDALRTHLA-NH,
Apo153 Ac-LSPLGEEMRDRAAAHVDALRTHLA-NH,
Apo155 Ac-LSPLGEEMRDRARAAVDALRTHLA-NH,
Apo157 Ac-LSPLGEEMRDRARAHVAALRTHLA-NH,
Apo160 Ac-LSPLGEEMRDRARAHVDALATHLA-NH,
Apo162 Ac-LSPLGEEMRDRARAHVDALRTALA-NH,

replacement with alanine, which has the highest intrinsic helix
propensity [30], may affect peptide helix content. The change in
binding efficiency could reflect a different ability of the peptide to
adopt the helical conformation in solution or when bound to Hpt,
as ApoA-l region 141-164 assumes a helical conformation in the
native protein.

Far-UV Circular Dichroism Analysis

The conformational properties of peptide P2a and its alanine analogs
were investigated by far-UV circular dichroism spectroscopy to
evaluate their propensity to adopt a helical secondary structure.
The CD spectra of peptides in phosphate buffer (Figure 3) are charac-
terized by a deep minimum around 200 nm and shallow minimum
centered at 222 nm. These spectra indicate that all the analyzed
peptides are predominantly in a random coil conformation with a
small percentage of helical structure in water solution. This result is
not surprising considering that amino acid sequences excised from
their natural context rarely adopt in water solution the native confor-
mation. In order to verify peptides propensity toward a helical
conformation, we performed a titration with TFE, a well-known
organic cosolvent able to stabilize a helical conformation in peptides
[31]. CD spectra of peptides were acquired increasing TFE volume
from 0% to 50% as it is well known that the TFE reaches its stabilizing
effect around the percentage of 40% of volume [32].

Increasing TFE volume all peptide spectra (Figure 3) showed a shift
toward 208 nm and an increase of intensity of the minimum at lower
wavelength; contemporary, the intensity of the band at 222 nm
significantly increased. A crossover (around 200nm) and an
isodichroic (at 203 nm) points were revealed in all titrations. The ratio
of ellipticity at 222 (8,,,) and 208 nm (B,4g) Was around the unity at
40% TFE for all peptides [33]. Furthermore, all peptides showed a
sigmoidal-like variation of the helical induction curve (data not
shown). These spectral characteristics are clearly indicative of a
transition from a random coil to an o-helical conformation. CD

Table 2. Amino acid sequence of truncated P2a peptides
Peptide Sequence

P2a Ac-LSPLGEEMRDRARAHVDALRTHLA-NH,
Apo144-164 Ac-LGEEMRDRARAHVDALRTHLA-NH,
Apo146-164 Ac-EEMRDRARAHVDALRTHLA-NH,
Apo141-161 Ac-LSPLGEEMRDRARAHVDALRT-NH,
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A) — spectra of peptides in presence of 20% TFE almost showed the full
[ Apo 141-161 characteristics of a helical conformation.
[JApo 144-164 Analysis of the TFE titration experiments showed that, although in
1.8 7 E Apo 146-164 . . L.
1.6 1 éll analyzed pgptldes, the hellcal conformation is scarcely popuIaFed
— 14 h in water solution, all peptide analogs are able to assume a helical
'E : conformation in a water/TFE solution. On the basis of CD experi-
= 1.2 4 ments, we can conclude that alanine replacement does not signifi-
8 1.0 cantly modify the conformational properties of P2a peptide analogs;
~ 0.8 - hence, the different Hpt binding efficiency should be attributed to
X 0.6 side-chain replacement. In particular, all P2a analogs showed a
2 0.4 comparable binding efficiency with respect to P2a except for
Apo146 and Apol157 peptides. We can speculate that when P2a
0 || binds to Hpt, it localizes the side chain of Glu146 and Asp157 close
0.3 1.0 3.0 10 to two negative charged regions that interact unfavorable with
Peptide concentration (LLM) Glu146 and Asp157 side chains.
B)
Wo3uM
= Competition of Peptides (P2a, Apo146, and Apo157) with

3.0 7 8 1o HDL for Binding Hpt

In order to investigate the biological properties of the two P2a
analogs with the highest Hpt binding efficiency (Apo146 and
Apo157), the ability of Apo146 and Apo157 to influence the Hpt
binding to HDL was evaluated in vitro and compared with that of
P2a. HDL-coated wells were incubated with Hpt in the absence or
presence of different amounts (1-30 uM) of each acetylated peptide
(P2a, Apo146, or Apo157), and the amount of HDL-bound Hpt was
measured. The three peptides, at concentration higher than 1M,
significantly impaired Hpt binding to HDL (p < 0.0001). Interestingly,
the inhibition of Hpt binding to HDL by Apo157 was higher than

pol62 those of P2a and Apo146, at any assayed concentration (p < 0.0001).
Fi 5. Binding of t ted (&) and P2 logs (B) to Hpt. Different In particular, as shown in Figure 4, P2a and Apo146 displaced up to

1 r . Indain run n n, . biteren . . . B

co%ge:trations (0.?3 10, 3, Lcj>r c1230‘;M) ofabiotiny?ataeda sg;tides Sverz inculfateed about 55% of Hpt from binding HDL (p < 0.0001), with no difference

in Hpt-coated wells. Avidin-HRP was used to detect bound peptides. The sam-  Petween them, at any'assayed concentration, whereas the peptide
ples were analyzed in triplicate and the data are expressed as mean 4 SEM. Apo157 was able to displace up to 65% of Hpt (p < 0.0001). These
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Figure 3. Far-UV circular discroism analysis of P2a analogs. TFE titration spectra of P2a peptide analogs were acquired at 20°C in 10 MM phosphate
buffer with increasing volume of TFE from 0% to 50%. Spectra are reported as molar residue ellipticity.
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Figure 4. Peptide competition with HDL for binding Hpt. Hpt (0.9 uM)
was incubated for 2h at 37°C with acetylated P2a (full squares), or
Apo146 (open squares) or Apo157 (open triangles) (0-30 uM). Aliquots
were then incubated in HDL-coated wells (2h, 37°C). Hpt binding to
HDL was detected by rabbit anti-Hpt IgG and GAR-HRP IgG. The amount
of immunocomplexes was determined by measuring the absorbance at
492 nm. Data are reported as percent of the value obtained by incubation
of Hpt alone (open circle) and expressed as mean + SEM.

results suggest that the Asp157Ala substitution in the P2a sequence
improves the binding of the peptide to Hpt.

LCAT Inhibition by Hpt: Effect of P2a or Apo146 or Apo157

The ability of the peptides to compete with ApoA- for binding Hpt
was also evaluated in LCAT activity assay. DS-treated plasma and
labeled proteoliposomes (LCAT and ApoA-I-containing cholesterol
sources, respectively) were incubated with 04uM Hpt, in the
absence or presence of different amounts (0.8 or 1.2 uM) of each
peptide. The LCAT activity was significantly reduced (about 74%)
by Hpt (5.42+0.12 units versus 1.47 +0.02 units; p < 0.0001) but
differently restored when peptides were present during incubation
(Figure 5), with Apo146 and Apo157 being more effective than P2a
(p < 0.0001) in rescuing the enzyme activity. In particular, the use

0.8 UM peptide 1.2 uM peptide

Py n &
o o o
1 1 1

LCAT activity (units)

2.0
1.0
0.0
Hpt - + + + + o+ + +
P2a = - + - - + - -
Apol46 = - - + - - + -
Ap0157 - - - - + - - +

Figure 5. Effect of peptides on the inhibition of LCAT activity by Hpt. The
LCAT activity was assayed in absence or presence of 0.4 M Hpt and different
amounts (0.8 or 1.2puM) of P2a or Apo146 or Apo157. A pool of plasma
samples (treated with 0.65% dextran sulfate, MW =50kDa, in 0.2 M CaCl, to
remove lipoproteins) was used as source of LCAT, whereas a proteoliposome
(ApoA—I/Iecithin/3H—ch0IesteroI, 1.5 : 200 : 18 molar ratio) was used as
substrate. The LCAT activity is expressed in units corresponding to nmol of
cholesterol incorporated per hour per ml of plasma. Samples were analyzed
in triplicate, and data are expressed as means 4= SEM.

of 0.8 uM (peptide/Hpt molar ratio 2:1) of Apo146 or Apo157 in the
assay restored about 70% of the LCAT activity, with no difference
between the two peptides, whereas P2a, at this concentration,
restored 50% of the LCAT activity, thus confirming that amino acid
changes in P2a sequence influence the affinity of the peptide for
Hpt. The three peptides fully saved the enzyme stimulation by
ApoA-l, when used at 1.2 UM concentration in the assay (peptide/
Hpt molar ratio 4 : 1). The peptides, when incubated without Hpt,
did not significantly affect the cholesterol esterification (data not
shown).

Conclusions

P2a peptide sequence was modified in order to analyze the molec-
ular determinants of Hpt binding. Analysis of truncated P2a analogs
showed that P2a sequence can only be slightly reduced in length at
the N-terminal, without altering the ability of binding to Hpt. In
particular, the deletion of the dipeptide Leu144-Gly145 drastically
reduces the binding to Hpt, suggesting an important role of
hydrophobic interactions. Furthermore, the role of charged
residues was systematically analyzed by replacing them with
alanine. Binding assays showed that charged residues are not
involved in Hpt recognition; actually, E146A e D157A substitutions
increase the binding affinity to Hpt. Biological characterization of
the corresponding P2a peptide analogs, Apo146 and Apol157,
showed that the two peptides are more effective than P2a in
rescuing the LCAT activity from Hpt inhibition. This result suggests
novel hints to design peptides with anti-atherogenic activity, which,
displacing Hpt from HDL, might rescue LCAT activity and improve
reverse cholesterol transport.
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