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A synthetic peptide corresponding to the hydrophobic amino
terminal region of pardaxin can perturb model membranes
of phosphatidyl choline and serine
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Peptides di

to the amino region of p in from Pardachii inus (Gly-Phe-] Phe-Ah Leu-
Tle-Pro-Lys-Tle-Te-Ser-Ser-Pro-Leu-Phe) have been d and their i tion with model of
phosphatidy] choline and serine studied by 90°C light ing and fl The amino i

8-residue peptide and the protected 15-residue peptide cause only aggregation of lipid ves:cles. The deprotected
15-residue peptide has the ability to cause aggreganon and release of entrapped carboxyfluorescein with both
The

phosphatidyl choline and serine lipid vesicles, like p

15-residue peptide can be attributed to ils ability to adnpt an

hydrophobic environment.

Introduction

Pardaxins are peptides of approx. 35 residues in
length present in the defense secretions of the Red Sea
Moses sole Pardach:rus marmoratus [1] and Pacific
Peacock sole F 7 inus [2]. P ins ex-
hibit diverse pathological and phar logical effects
like smooth muscle contraction in guinea pig ilevm [3],

of acetyl/choli [4], viron destruction
[5.,6], and lysis of red blood cells {7]. These effects are
presumed to arise from their ability to perturb mem-
branes. Support for this assumption comes from the
observation that pardaxins are highly surface active [2],
induce aggregation of phosphatidyl serine vesicles [8],
increase the permeability of planar lipid bilayers in a
voltege dependent manner at low concemratmn [9] and
cause rclease of ydrophilic at
high concentrations [8]. The membrane-modifying prop-
erties ui pardaxins are thus similar to gramicidin A,
alamethicin and melittin [10,11]. However, the primary
structures, net charge and lengths of these peptides
differ considerably. It is therefore desirable to evaluate
the influence of peptide chain length and charge on the
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ability of the amino terminal
which is

helical fo

hilic in nature in a

of pardaxins with b In this report
we describe studies on the interaction of synthetic
peptides corresponding to the amino terminal region
(residues 1-15) of Pardaxin 1 from P. pavoninus (Fig.
1) with small unilamellar vesicles of phosphatidyl choline
and phosphatidyl serine.

Experimental

Synthesis of peptides. Peptide corresponding to the
first 15 residues of pardaxin 1 and other amino terminal
fragments i.e. peptides P1-P6 (Flg 1) were synthesized
by solution phase hod: li were
effected in dichloromethane (CHzClz) by dlcyclohexyl-
carbodurmde (DCC) Tripeptides and longer peptides
were syntl d in dimethylfor ide with DCC and
1-hydroxybenzotriazole. The amino terminal (Boc=1r-
butyloxycarboxyl) and carboxy terminal (methyl esters)
protecting groups were removed by treatment of
peptides with 85% formic acid and NaOH, respectively.
The side chain protecting groups were benzyloxy-
carbonyl(Z) for Lys and benzyl ether(Bzl) for Ser. The
raajor fragments synthesized were Boc-Gly-Phe-Phe-
Ala-GCH;, Boc-Leu-lle-Pro-Lys(Z)-OCHj, Boc-lle-lle-
Ser(Bz!)-Ser(Bzl)-Pro-Leu-Phe-OMe. Boc-Gly-Phe-Phe-
AlaOH was coupled to H,N-Leu-Ile-Pro-Lys(Z)-OCH,
to yield the amino terminal octapeptide of pardaxin.
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Pardaxin P1:

Gly-Phe-Phe-Ala-Leu-lle-Pro-L. eu-Phe-Lys-Thr-Leu-Leu-
1 5 10 15

20 25 30

Synthetic peptides:

Pl Boc-Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys(Z)-OCH,

P2 Boc-le-lle-Ser(Bz1)-Ser(Bz1)-Pro-Leu-Phe-OCH,

P3:  Boc-Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys(Z)-lle-Ite-Ser(321)-Ser(Bz1)-Pro-
Leu-Phe-OCHy

P4 Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys-OCH,

PS:  le-lle-Ser-Ser-Pro-Leu-Phe-OCH,

P6: eu-lle-Pro-Lys-lle-llg

ro-Leu-Phe-OCHy

Fig. 1. Primary structures of pardaxin P1 (Rei. 2) and syntuetic
peptides corresponding to the 1-15 region of pardaxin P1.

Boc-Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys(2)-OH was cou-
pled to H;N-Ile-Ile-Ser(Bzl)-Ser(Bzl)-Pro-Leu-Phe-
OCH; to yield the amino terminal 15-residue fragment
of pardaxin. All peptides were purified by column chro-
matography on sx]lca gel (230--400 mesh, Merck FR.G)
using mi of m and methanol as eluants.
The homogeneity of purified p were confirmed
by fast performance liquid chromatograph, {FPLC)
using pepRPC (reverse phase, C-18) column and
quantitative amino acid analysis on an LKB 4151 Alpha
Plus amino acid analyzer. The amino acid analyses of
the synthetic peptides were as follows:
P4: Gly 1.01 (1), Phe 2.0(2), Ala 1.08 (1). Leu 0.95 (1), le 0.9 (1), Pro
0.97 (1), Lys 1.0 (1)
P5: Ile 1.7 (2), Ser 1.57 (2), Pro 0.97 (1), Leu 1.06 (1). Phe 1.0 (1)
P6: Gly, 1.2 (1), Phe 3.0 (3), Ala 1.1! (1), Len 1.8 (2), Ile 2.82 (3). Pro
2.0(2), Ser 1.38 (2), Lys 1.11 (1)

inp is indicate 1 values. Ser
values are not corrected for loss during hydrolysis. The
protecting groups in the peptides were removed by
tr with  trifl ic acid/ thioanisol

s
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and stock solutions *vere prepared in methanol. Con-
centration of peptides was determined by quantitative
amino acid analysis on LKB4151 Alpha Plus amino
acid analyzer. Lipid was estimated by the method of
Stewart [17]. All experiments were carried out at 25°C.

Circular dichroism (CD) studies. CD spectra were
recorded on a JASCO-J-20 spectropolarimeter in cells
of path length 1 mm. The concentration of the peptide
stock solutions were determined by quantitative amino
acid analysis. For studies in micelles, sample was pre-
pared as follows: an aliquot of peptide and the ap-
propriate micelle forming compound in organic solvent
were mixed and dried. The dried mixture was recon-
stituted in water with vortexing. Mean residue elliptici-
ties were calculated using the formula

where 8 = observed reading in degrees, /= path length
of cells in cm, ¢ = concentration of peptide in g/l and
M = mean residue weight.

Results and Discussion

The 90°C light scattering profiles of PC and PS
small unilamellar vesicies, in presence of peptides
P1-P6, as a fi of peptide -ation are shown
in Figs. 2a and 2b. The protected peptides P1, P3 and
the deprotected 15-residue peptide P6 cause a large
increase in the scatter of PC vesicles. The increse in
scatter of PC vesicles as a function of time in the
presence of P6 (similar profiles were observed for P1
and P3) is shown as inset in Fig. 2a. A rapid increase in
scatter on addition of peptide is observed. After the
initial rapid rise, there is no further increase in scatter
as a function of time, at all concentrations of the
peptide. In the case of PS vesicles, the protected and

metacresol (5.0:0.4:0.4, v/v) at 40°C [12].

Interaction of peptides with lipid vesicles. Small un-
ilamellar vesicles of phosphatidyl choline (PC), purified
from egg yolk [13}, and phosphatidyl serine (PS) puri-
fied from bovine brain [14] were prepared by sonication
(Branson B-50 sonifier) of an aqueous dispersion of
lipid in 5 mM Hepes (4-(2-hydroxyethyl)-1-piperazine-
ethanesulphonic acid) buffer (pH 7.4). The ability of
peptides to cause aggregation of lipid vesicles was
studied by 90°C light scatter in a Hitachi GSO-IOS

dep ¢ 8 and 15 residue peptides P1, P3, P4 and P6
cause increase in scatter. The relative i increase in scauer
is much more in the p of p
particularly with increasing peptide concen(rauon No
precipitation or increase in scatter with peptides alone
was observed. Hence the increase in scatter is a conse-
quence of the association of peptides with lipid vesicles.
Peptides P2, P5 and smaller tetrapeptide iragments had
no effect on the scatter profiles of PC and PS vesicles.
Increase in light scatter can arise either due to aggre-
gation or fusion of lipid vesicles. The fusogenic proper-

i by the Tb**-di-

pectrofl with the i and ties of peptides P1-P6 were i
monochromators set at 350 nm. Fusogemc properties of picolinate assay. In this assay, two populations of
the peptides were ined by the Tb’*-dipicolinic acid vesicles with entrapped Tb** and DPA are mixed in

assay [15]. The membrane modifying properties of the
peptides were further determined by monitoring the
release of 6-carboxyfluorescein trapped in PC and PS
vesicles [16). Peptides were weighed accurately (5 mg)

medium containing EDTA. In the event the vesicles
fuse, there would be mixing of the aqueous compart-
ments of the two populations of vesicles resulting in
Tb** binding to dipicolinic acid. Terbium ions have
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Fig. 2. 90° light scattering profiles of lipid vesicles in presence of peptides P1-P6. (a) Peptides added to PC vesicles (lipid =150 uM). Inset:
Representative scatter profile in presence of P6 as function of time. Peptide is added at the time indicated by an arrow. (b) Peptides added to PS
vesicles (lipid =150 gM). P1-P6 correspond to the synthetic peptides in Fig. 1.

very weak fluorescence but on bmdmg to dipicolinic
acid there is a iderable i in
However, when peptides P1-P6 were added to PC and
PS vesicles with lated Tb** and dipicolinic acid
there was no increase in Tb** fluorescence. Hence the
increase in scatter can be attributed to aggregation and
not fusion.

In order to get further insight into the membrane-
modifying properties of peptides P1-P6, their abilities

to induce release of entrapped carboxyfluorescein (CF)
from PC and PS vesicles was monitored. The release of
CF d as p of release ob-
tained by lreatmem with Triton X-100) from PC and PS
vesicles, as a function of peptide concentration and time
are shown in Figs. 3a and 3b. Only the deprotected
15-residue peptide P6 has the ability to cause release of
entrapped CF. Release of CF to a small extent is
observed with the protected peptide P3 only at a rela-
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Fig. 3. Release of encapsulated carboxyfluorescein (CF) from PC and PS vesicles in presence of P1-P6. (a) PC vesicles (150 £M). (b) PS vesicles

(150 M),

. P6, concentrations indicated correspond to different amounts of P6 added; - - -, P3 (15 pM); -

. P1, P2, P4, P5 (15 uM).




tively high concentration and only with PC vesicles.
With PS vesicles, significant release of CF is observed at
a concentration of 15 ¢ M as against 6 pM in the case of
PC vesicles. However, complete relcase of CF is not
observed with PS and PC vesicles even at a lipid/ peptide
ratio of 10: 1.

A comparison of the rates at which P6 causes aggre-
gation of lipid vesicles and release of entrapped
carboxyfluorescein (i.e. inset in Fig. 2a and Figs. 3a and
3b) indicates that the aggregation process is much more
rapid than release of CF. Hence if the increase in 90°C
scatter was the result of fusion, an initial rapid rise in

fluorescence due to mixing of aqueous components of
the fused vesicles y ad in fh

due to leakage of i and 1 of
Tb'* with EDTA present in the medium would have
been observed in the Tb**/DPA assay. Since no rise in
fluorescence is observed in the fusion assay, the increase

in 90°C scatter is clearly due to aggregation and not
fusion.

In order to rationalize the L difying
properties in terms of structure, the conformation of P6
in trifl hanol (TFE) and micelles of sodium dode-
cyl sulphate was determined by circular dichroism (CD)
spectroscopy. Fig. 4 shows the CD spectra of P6 in TFE
and SDS. Comparison of these spectra with the refer-
ence spectra of Greenfield and Fasman [18] indicates an
a-helical content of =35% and random conformation
= 65% with no B-structure. The helical representation
for P6 is shown in Fig. 5. An amphiphilic structure is
clearly discernible. An average hydrophobicity of 0.62
and hydrophobic moment of 0.28 clearly favours strong
membrane association for P6.

A Cam)
190 200 210 220 230 240 250_
+6°0 '\
)
1
+4:0 1]
i
- \
5 \
E +20 \
o i
Y .
£ 1]
] !
o it
< i
o -20 \
= |
Z _s0 4
A
Y
Y
[
-6 0
-8-0

Fig. 4. Circular dichroism spectra of P6 in unifluoroethanol (- - -) and
sodium dodecyl sulphate micelles ¢
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Fig. 5. Axial projection of the a-helical conformation of P6 as
described by Schiffer and Edmundson {19]. Average hydrophobicity
(0.62) and hydrophobic moment (0.28) are calculated by the methods
of Eisenberg et al. (20] on a computer.

Thus, peptide P6 corresponding to the first 15 amino

terminal residues of pardaxin has the ability to interact
with PC and PS vesicles so as 1o cause aggregation and
release of entrapped carboxyfluorescein. The mem-
brane-modifying properties of P6 are more marked on
zwitterionic PC vesicles. The membrane perturbing abil-
ity of P6 can be attributed to its ability to adopt an
amphipathic helical conformation. Support for this
argument comes from the observation that the peptide
P6 in which the side chains are protected have no
membrane-perturbing ability. While P6 interact with
lipid vesicles in a manner similar to pardaxin isolated
from P. pavoninus the lipid/ peptide ratios at which the
membrane-perturbing effects are manifested are differ-
ent. The maximum lipid/peptide ratio at which the
membrane-perturbing abilities is discernible in the pres-
ence of P6 is 50:1 whereas pardaxin induces aggrega-
tion at a ratio of 300:1 [8). Likewise, P6 causes release
of entrapped hydrophilic molecules like CF at a ratio of
50:1 and pardaxin at 200: 1. Thyus, at equivalent lipid
concentration 4-7-times more P6 is needed to cause
detectable release of entrapped hydrophilic molecules
like CF and discernible aggregation of lipid wesicles
respectively. These differences may stem from the pres-
ence of two lysine and two glutamic acid residues in
pardaxin as compared to one lysine in P6 as a result of
which electrostatic interactions between peptide mole-
cules and with lipid vesicles would be more predomi-
nant in pardaxin.

The carboxy terminal region of pardaxin is com-
prised of relatively hydrophilic amino acids as com-
pared to the amino terminal portion and is thus likely
that the amino terminal region plays an important role
in the membrane-modifying properties of the toxin.
Since peptide P6 i with model b ina
manner similar to pardaxin, it is conceivable that it also
exhibits some of the pathological and pharmacological
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effects shown by the toxin. Studies directed towards this
end are currently in progress in our laboratory.
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