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Abstract The Plasticins are a family of antimicrobial,
23-29-residue Gly-Leu-rich ortholog peptides from the
frog skin that have very similar amino acid sequences,
hydrophobicities, and amphipathicities but differ markedly
in their conformational plasticity and spectrum of activity.
The intrinsic flexibility and structural malleability of Plas-
ticins modulate their ability to bind to and disrupt the
bilayer membranes of prokaryotic and eukaryotic cells,
and/or to reach intracellular targets, therefore, triggering
functional versatility. The discussion is opened herein on
several examples of other membrane-active peptides, like
viral fusion peptides, cell-penetrating peptides, that are able
to display antimicrobial activity. Hence, Plasticins could
be regarded as models of multipotent membrane-active
peptides guided by structural plasticity.

Keywords Plasticins - Dermaseptins -
Structural polymorphism - Conformational flexibility -
Antimicrobial peptide - Frog skin

Introduction

The dermaseptins are a superfamily of gene-encoded host-
defence peptides that are produced by the skin of Hylidae
frogs (Nicolas et al. 2003). These peptides are genetically
related, with a remarkable identity in signal sequences and
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acidic propieces of their biosynthetic polypeptide precur-
sors, but have clearly evolved and diverged into several
families of peptides that display great diversity in antimi-
crobial/cytotoxic activities and specificities by fixing amino
acid substitutions with high frequency (Amiche et al. 1999;
Duda et al. 2002; Nicolas et al. 2003). Most of these pep-
tides, including the dermaseptins S and B (Charpentier
etal. 1998; Mor etal. 1991), the dermatoxins (Amiche
etal. 2000), the phylloxins (Pierre et al. 2000), and the
phylloseptins (Leite et al. 2005) are cationic because of
their lysine content, and form an amphipathic o-helix when
bound to anionic/zwitterionic lipid bilayers, with their polar
and apolar amino acids on opposing surfaces along the long
axis of the helix (Noinville et al. 2003; Shai 1999). These
structural elements are believed to play a crucial role in the
binding of these peptides to the negatively charged outer
leaflet of bacterial bilayers. Once bound, the hydrophobic
face of the helix permits the peptide to enter the membrane
interior, thereby, triggering membrane curvature, local
fusion of the membrane leaflets, pore formation, cracks,
and membrane disruption (Bechinger and Lohner 2006;
Papo and Shai 2003; Rinaldi 2002; Shai 1999). Similar
behaviours are exhibited by other extensively studied linear
helical antimicrobial peptides like bee venom toxin melittin
(Bechinger and Lohner 2006; Huang 2006), insect cecropin
P1 (Brogden et al. 2003), frog peptide magainin (Bechinger
and Lohner 2006; Wieprecht et al. 1997), and human cath-
elicidin LL-37 (Durr et al. 2006). Although this can provide
microbial specificity, there is no simple correlation between
the degree of helical structure, the peptide charge, and the
antimicrobial potency or the toxicity for eukaryotic cells
(Zelezetsky et al. 2005). In another hand, linear derivatives
of mammalian disulfide-bridged antimicrobial peptides
with f-sheet structure display high conformational flexibil-
ity and still present antimicrobial activity (Fazio et al. 2007;
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Rao 1999). This raises the question of the other parameters
involved in membrane-binding and membrane-damaging
properties of linear antimicrobial peptides (Zelezetsky et al.
2005).

Among peptides of the dermaseptin superfamily, the
Gly-Leu-rich peptides, revealed by evolutive history recon-
struction from conserved dermaseptin preprosequence tran-
script, form a well-demarcated family (Vanhoye et al.
2003). This family includes the neutral peptides DRP-AA
2-5 (from Agalychnis annae), DRP-AC1 and 2 (from
Agalychnis callidryas), DRP-PD 3-6 (from Pachymedusa
dacnicolor), and the cationic peptide DRP-PBN2 (from
Phyllomedusa bicolor). These 23-29-residue peptides are
rich in glycine and leucine (29 and 25% on average) and
contain an extended glycine-zipper motif GXXXGXX
XGXXXG (where X is any residue). This motif is strongly
overrepresented in membrane protein sequences and plays
a crucial role in promoting the formation of oligomeric
helical bundles (Kim et al. 2005). Contrasting with amphi-
pathic helical dermaseptins, Gly-Leu-rich peptides were
found to display considerable structural polymorphism
leading to functional versatility, hence the name Plasticins
given to this peptide family by El Amri et al. (El Amri et al.
2006). The most studied Plasticins (Table 1) have very
similar amino acid sequences (13 invariant residues),
hydrophobicities and amphipathicities, but differ markedly
in their activity spectra (Vanhoye et al. 2004). Phylogenetic
reconstruction and synthesis of the ancestral peptide
sequence ANC and peptide analogs with altered net
charges, [K¥!?]-ANC, [K®'?]-DRP-PD 3-6, and [K®'?,
Flg]-DRP-PD 3-6, were conducted. Positive selection oper-
ated at a molecular level in the early stage of frog species
divergence producing a novel antimicrobial function from
an inactive ancestral peptide, and that lysine residues were
selected (Duda et al. 2002; Vanhoye etal. 2004, 2003).
This series of functionally divergent but closely related
Gly-rich-peptides constitutes a good model to address the
relationships between structural polymorphism, membrane-
interacting property and biological activity.

This minireview summarizes recent advances in identi-
fying peptide parameters (intrinsic flexibility, presculpted

Table 1 Primary structures of
Plasticins

[K®'?]- ANC
[K®'2, F'®]- DRP-PD 3-6

[K®'?]- DRP-PD 3-6

Identical amino acids have

shaded background. The DRP-PD 3-6
GXXXGXXXGXXXG
glycine-zippers and GXXXG ANC

motifs are underlined; a = amide
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DRP-PBN2

conformational landscape, competing conformational states
and molecular adaptability) that may be responsible for var-
iability in mechanisms of action and antimicrobial versus
cytotoxic specificities. We also open the discussion on
functional versatility of Plasticins through examples of
multipotent membrane-active peptides. We propose that
intrinsic structural plasticity of Plasticins modulated by
lipid microenvironments may be a major guide for induc-
tion of a given biological effect.

Conformation of membrane-bound plasticins

It is becoming increasingly clear that perturbation by anti-
microbial peptides of the membrane near hydrophobic-
hydrophilic interface leads to a thinning of the lipid bilayer
that precedes loss of permeability barrier (Sato and Feix
2006). The degree of perturbation is thus in part linked to
peptide shape. Table 2 summarized Plasticins conforma-
tional features including also their capacity to undergo
structural interconversions at membrane interface as revealed
by molecular dynamics simulations and FTIR spectroscop-
ies. Despite very similar amino acid sequences, Plasticins
adopted various structural fittings at anionic and zwitter-
ionic membrane interfaces including helices, destabilized
helix states, f-hairpin, f-sheet and disordered states. Cat-
ionic Plasticins are mainly helical when bound to anionic
DMPG or zwitterionic DMPC phospholipid vesicles, but
the contribution of f-sheet structures increases when
mixed to zwitterionic vesicles. DRP-PD 3-6, which has no
net charge, adopts a helical structure when bound to
anionic vesicles but is predominantly f-sheeted in the
presence of zwitterionic phospholipids. In contrast, ANC,
the other neutral plasticin, displays predominant f-structures
with both types of vesicles. CD spectroscopy and NH/ND-
exchange kinetics obtained by ATR-FTIR showed that neutral
Plasticins self-associate when bound to DMPG (DRP-PD
3-6 and ANC) or DMPC (ANC) vesicles. Molecular
dynamics simulations performed in apolar medium (¢ =5)
on the six Plasticins through one ns, starting from an ideal
helix, demonstrated differences in the structural malleability

GLVTSLIKGAGKLLGGLFGSVTGa

GLVTGLLKTAGKLLGDLFGSLTGa Cationic
Plasticins
GVVTDLLKTAGKLLGNLFGSLSGa
GVVTDLLKTAGKLLGNLVGSLSGa
GVVTDLLNTAGGLLGNLVGSLSGa Neutral
Plasticins

GLVTGLLNTAGGLLGDLFGSLTGa
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Table 2 Conformation of Plasticins in the presence of DMPC or DMPG vesicles as assessed by FTIR spectroscopies, and conformational switch
propensity at membrane interfaces obtained from MDS (adapted from El Amri et al. 2006)

DMPC DMPG Conformational switch propensity
o-Helix p-Structure o-Helix p-Structure
(%) (%) (%) (%)
DRP-PBN2 47 27 65 0 o — helix disturbed
DRP-PD 3-6 16 62 64 9 o — random coil — f-disturbed
[K3'2]-DRP-PD 3-6 51 35 68 4 o — random coil
[K3'2, F'8]-DRP-PD 3-6 60 30 63 18 o — f-hairpin
ANC 30 50 25 39 o — random coil — f-hairpin/f-turn
[K®'?]- ANC 38 36 54 17 o — random coil

at membrane-mimetic interfaces (Table 2). Two behav-
iours are observed: neutral Plasticins (DRP-PD3-6 and
ANC) underwent transitions between three conformations
(helix/coil/f-structure), while cationic plasticins under-
went various transitions between two states. DRP-PBN2
oscillated between helix and disturbed helix, while the two
analogs [K®!2]-DRP-PD 3-6 and [K®'*]-ANC underwent
classical helix-coil transition, the third analog [KS’IZ, FIS]-
DRP-PD 3-6 was found to be the most foldable within
p-hairpin related structures. These observations shed light
on the differences in structural malleability of closely
related peptides and revealed the potential foldability
within f-hairpin conformations of Plasticins (El Amri
et al. 2006).

It has often been reported that antimicrobial potency is
associated with an amphipathic structure, being either an
o-helix or a ff-sheet (Epand and Vogel 1999; Powers and
Hancock 2003; Zelezetsky and Tossi 2006). Figure 1 illus-
trates the repartition of hydrophobic and hydrophilic resi-
dues of the six more studied plasticins in three different
structural states, i.e., helix, -strand, and f-hairpin. While
all these peptides displayed a pronounced amphipathic
character when modelled as a helix, this property was
completely disrupted when peptides are represented in
p-structures. Disruption of amphipathicity in f-sheeted
conformations (either hairpin shaped or extended) may be a
key for explaining differential potencies. Some designed
linear cationic peptides with high amphipathic f-sheet
potentials were found to weakly interact with PC-contain-
ing membranes and have a high antimicrobial potential.
These peptides may thus be promising candidates for anti-
microbial agents, especially for topical applications, with
good selectivity between bacterial and mammalian cells
(Doherty et al. 2006; Jin et al. 2005). In summary, mem-
brane-bound cationic Plasticins exhibit antimicrobial activ-
ity when displaying an o-helix/f-structure ratio >1. In
contrast, neutral Plasticins have an o-helix/f-structure ratio
<1 when bound to phospholipid membranes, and are devoid
of antimicrobial activity.

Pre-organized structure of Plasticins in aqueous
solution: f-hairpin as conformational lock or template

The intrinsic conformational preferences of Plasticins in
aqueous solutions have been investigated to probe to what
extent pre-existent peptide conformations (intrinsic confor-
mational landscape) may be responsible for variability in
bioactive, membrane-bound, conformations and membrane-
disturbing properties (Bruston et al. 2007). DRP-PBN2 and
[K3!2]-DRP-PD 3-6 displayed mixture of unordered and
p-turn structures in aqueous media, while neutral peptides
displayed high contents of aggregated pf-structures and
turns. [K®!12, F'8]-DRP-PD 3-6 distinguished by its high
content of -hairpin structure together with low amounts of
f-turns and unordered structure. It is known that the amino
acid sequence of a turn can dictate not only the hairpin sta-
bility and turn conformation, but also the register of inter-
strand H-bond interactions (Ramirez-Alvarado et al. 1997).
Although turn regions are early formed for all Plasticins,
they do not always result in an overall folding within
p-hairpin. The residue at position eight plays a major role
in initiating the folding, while position 12 seemed not to be
critical. The contribution of hydrophobic side chain to the
initiation and stabilization of the hairpin structure is dem-
onstrated from peptides encompassing a phenylalanine resi-
due at position 18 ([K®!2, F®]-DRP-PD 3-6, [K®!?]-ANC
and DRP-PBN2). In addition, the presence inside the turn
region of the f-strand promoting residue threonine in all
Plasticins except DRP-PBN2 is also a key factor acting as a
hinge and a hydrophobic stick ensuring cohesion of the
loopy region. Conformational preferences and stability of
Plasticins do not exert a profound influence on the antimi-
crobial potency, and there is no simple correlation between
structural flexibility versus rigidity and bioactivity. For
instance, increased antimicrobial potency may not always
result from rigid conformational landscapes. This was
already suggested by Gellman and co-workers who exam-
ined the role of structural rigidity in antimicrobial activity
of helix-forming oligomers of -amino acids (Raguse et al.
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DRP-PBN2

Fig. 1 Helical wheel, f-strand
and f-hairpin diagrams showing
the distribution of amino acid
side chains for Plasticins.
Hydrophobic (gray back-
ground), positively charged
(blue background), and nega-
tively charged (red background)
side chains are highlighted

DRP-PD 3-6 ANC

2002). However, f-hairpin foldability and stability may
explain subtle differences between the antimicrobial activ-
ities and mechanisms of action of the most potent cationic
plasticins DRP-PBN2 and [K%'?, F'¥]-DRP-PD 3-6. -
hairpin preformed in solution may act as a conformational
lock that prevents switch to o-helical structure, thus
lowering antimicrobial efficiency. In contrast, ff-hairpin-
shaped conformations could also serve as a template for
the formation of helical structures at the membrane inter-
face, facilitating conformational switch during membrane
fusion process as reported for the HIV-1 Gp41 amino-

@ Springer

terminal fusion peptide (Lorizate et al. 2006; Reichert
et al. 2007).

Plasticity of molecular interactions

In addition to amphipathicity and cationicity, the plasticity
of molecular interactions between membranotropic peptides
and biomembranes (Nagpal et al. 2002) is an emerging
fact that may allow a better understanding of antimicrobial
peptide mechanisms of action.
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Binding of Plasticins to lipid bilayers by SPR. The affin-
ity of antimicrobial peptides for phospholipid bilayers is a
critical factor influencing their selectivity and potency
(Jelinek and Kolusheva 2005; Papo and Shai 2003; Shai
1999). Cationic Plasticins bind to anionic membranes in a
2-step process. In a first step, the cationic peptide binds to
the membrane surface because of the hydrophobic effect
and several non-specific interactions. In a second step, the
subsequent formation and adjustment of the peptide helix
result in tightly bound peptide-membrane complexes that
are primarily stabilized by the peptide aliphatic and aro-
matic residues (Vanhoye et al. 2004). Peptides encompass-
ing phenylalanine residue formed more dense PL*
complexes with DMPG bilayer than did [K®!?]-DRP-PD 3—
6 (Table 3). The presence of aromatic residue clearly pro-
longed the contact time between peptide and membrane (EIl
Amri etal. 2006), allowing further structural rearrange-
ments (Stahelin and Cho 2001). This behaviour is signifi-
cantly different from other small membrane-damaging
cationic linear peptides such as magainins, cecropins and
dermaseptins (Sato and Feix 2006). These latter peptides,

Table 3 Adsorption densities of Plasticins investigated by SPR and
expressed as ng per mm>

(A) Hydrophobic DMPC DMPG
surface (ng mm~?) (ng mm~?)
(ng mm_z)

DRP-PBN2 0.7 1.2 2.8

DRP-PD 3-6 0.5 0.2 0.1

[K3'%]- DRP-PD 3-6 0.4 42 3.0

[K®'2, F'®]- DRP-PD 3-6 0.7 3.7 35

ANC 0.5 0.2 0.2

[K®'2]- ANC 0.7 1.7 33

(B) DMPC? DMPG?

P+L « PL < PL* (ng mm~?) (ng mm~?)

DRP-PBN2 0.3 1.2

DRP-PD 3-6 0.1 ND

[K3'%]- DRP-PD 3-6 0.2 1.0

[K®'2, F'8]- DRP-PD 3-6 03 1.2

ANC ND ND

[K®'2]- ANC 0.5 1.2

* The PL* complex density was evaluated from the SPR response after
10 min of desorption

A hydrophobic surface (HPA) and bilayers of DMPG and DMPC
phospholipids. B/PL* complex density (adapted from El Amri et al.
20006). If the peptide molecule is considered to be a perfect a-helix
spanning residues 1-23, its contact surface should be a rectangle mea-
suring 3.5 nm long by 1.5 nm wide, giving a surface area of 5 nm* . A
peptide that adopts an extended or a f-hairpin structure will have a
contact surface area of 10—12 nm? . Consequently, a hydrophobic sen-
sor chip surface such as HPA can adsorb 0.9 ng of helical peptide and
only 0.4 ng of a peptide having an extended or an hairpin structure

having low hydrophobicity and conformational flexibility,
interact with anionic lipids ~100-times more than with
zwitterionic lipids. However, this difference in binding is
mainly due to the first binding step that is governed by non-
specific long-range electrostatic interactions between the
peptide lysine residues and the anionic headgroups of the
phospholipids. Plasticin adsorption densities at the equilib-
rium or after 10 min of desorption (PL* complexes) were
found to be insignificant at concentrations below the MIC.
Adsorption densities were primary determined using hydro-
phobic synthetic sensor chip (HPA) (El Amri et al. 2006).
This quantification provided information on the structure of
irreversibly bound peptides and particularly underlined
adsorption of various structural species. Moreover, cationic
Plasticins formed multilayers when adsorbed onto either
DMPC or DMPG phospholipids but, only DMPC head-
groups partially prevented their anchorage, except for
ancestral analog ([K®'?]-ANC). Their o-helix content is
always greater than the f-structure content. In contrast, the
adsorption densities of neutral Plasticins on DMPC or
DMPG are about 10 times lower than those of cationic
Plasticins, due to their own self-association (E1 Amri et al.
2006).

Membrane damaging activity and membrane structure
disturbance. Plasticins vary substantially in their abilities to
depolarize the cytoplasmic membrane of bacterial cells

Table 4 Membrane-damaging activities of Plasticins

A/DMPG
Antimicrobial Membrane Disturbance Disturbance
activity potential  at membrane of bilayer
interface (%) core (%)

DRP-PBN2 Bactericidal  ++ 23
DRP-PD 3-6 ND ND 17
[K®?]-DRP-  Bacteriostatic ND 17

PD 3-6
[K&12, F'®]- Bacteriostatic +++ 23 3

DRP-PD 3-6
ANC ND ND 17 5
[K®12]-ANC  Bacteriostatic + 17 6
B/DMPC

Cytotoxicity Disturbance Disturbance
at membrane of bilayer
interface (%) core (%)

DRP-PBN2 +++ 13 4
DRP-PD 3-6 ND 0 0
[K®!2]-DRP-PD 3-6 ND 0 3
[K®'2, F'®]-DRP-PD 3-6 ++ 7 2
ANC ND 0 0
[K*"*]-ANC + 7 4

ND not determined
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(Table 4). No correlation between membrane permeabiliza-
tion and antibacterial activity is noticed. For example,
DRP-PBN?2 exhibits bactericidal activity against E. coli but
has a reduced ability to disrupt the bacterial membrane
potential (E1 Amri et al. 2006). In contrast, (K312, F'8)-
DRP-PD 3-6, which folds within a ff-hairpin shaped struc-
ture displays the highest potency to dissipate the membrane
potential but only exerts bacteriostatic effects. This peptide
appears to act via membrane depolarization. Other bacterio-
static Plasticins such as [K®'?]-ANC have no effect on the
membrane potential of the target cells.

FTIR experiments with DMPG or DMPC allowed to
measure disturbances of membrane assembly at the inter-
face (Blume et al. 1988; Castano et al. 1999; Lotta et al.
1988) and/or bilayer alkyl chains (Cameron et al. 1980)
(Table 4a and b). CO ester 1727/1742 ratio percentage,
indicative of a disturbance at membrane interface, increase
consecutive to the binding of the peptides is more pro-
nounced with anionic membrane than with zwitterionic
membrane. Binding of cationic Plasticins to DMPG vesi-
cles (Table 4a) illustrates membrane dehydration and for-
mation of peptide-membrane hydrogen bonds. In contrast,
the binding of the peptides to DMPC vesicles shows their
reduced ability to dehydrate the membrane headgroups and
to form hydrogen bonds (Table 4b).

Cationic Plasticins bearing phenylalanine (DRP-PBN2,
[K®1?]-ANC and [K*'?, F'®]-PD 3-6), induce redistribution
of the band components in DMPC vesicles, with higher
1727/1742 ratios compared to pure DMPC (Table 4b). This
could reflect more water molecules associated to the ester
groups due to greater peptide partition into the interface
region (El Amri et al. 2000).

All the Plasticins, exclusively in the presence of DMPG,
cause an increase in the methylene stretching frequencies
(vos(CH,)), broadening of the corresponding absorbance
bands, and a decrease in the alkyl chain order parameter
underlying transition of lipids from the well-ordered gel
state to the more disordered liquid-crystalline state
(Table 4a, b). This result was also observed for Lacto-
¢in705 in presence of DPPC (Castellano et al. 2007).

Neutral plasticins (DRP-PD 3-6 and ANC) interact
weakly with DMPG vesicles, causing little perturbations at
the membrane interface but inducing significant distur-
bances in the membrane interior. They interact with DMPC
vesicles without perturbing either the interface or the
bilayer interior. During bacterial attack, many peptides can
be retrieved in the frog skin secretions. The resulting cock-
tail contains simultaneously neutral, anionic and cationic
peptides. Inactive neutral peptides enhanced the activity of
cationic peptides. Thus, neutral peptides could act as
primary membrane disturbing peptides by adopting a trans-
membrane orientation in synergy with cationic peptides
(Vanhoye et al. 2004).

@ Springer

Oligomerization stage sequentiality. Selectivity and
activity of antimicrobial peptides may additionally depend
on properties other than their lipid-binding characteristics.
For instance, peptides have to cross the bacterial cell wall
before reaching the cytoplasmic membrane, a process that
strongly depends on the structure and oligomeric state of
the peptides. For instance, human cathelicidin LL-37 which
disrupt membranes via a carpet mechanism, approaches the
membrane in an o-helical oligomeric state (Oren et al.
1999). The sequence of plasticins encompasses three
GXXXG motifs, known to mediate interactions between
helical transmembrane domains of membrane proteins or
helical fusion peptides (Kim et al. 2005). Indeed, Plasticins
in the presence of crosslinker and incubated in various
mimetic membrane media were shown to be mainly mono-
meric by SDS-PAGE analysis. Moreover, measurement of
their translational diffusion coefficients by pulse field gradi-
ent-NMR (PFG-NMR) reveals the existence of monomer-
dimer equilibrium (unpublished data). Thus, the presence
of GXXXG motifs is not sufficient to promote oligomeriza-
tion. Other factors may to be involved such as the sequence
context and the intrinsic conformational flexibility. It is
thus probable that the differences in biological activity of
Plasticins are related to shifts of classical autoassociation
stage, i.e. differences in the sequentiality of peptide oligo-
merization.

Flexible linear antimicrobial peptides

It is generally assumed that linear amphipathic antimicrobial
peptides operate through random coil-to-helix structure tran-
sition upon interaction with microbial membrane (Ladokhin
and White 1999). However, a growing number of studies
have convincingly demonstrated that structural versatility of
the peptides in the vicinity of membranes may lead to alter-
native mechanisms of action. Clavanin constitutes an inter-
esting example where conformational flexibility, mainly
driven by glycines, is a major determinant for antimicrobial
activity (van Kan et al. 2001). Class II bacteriocins, includ-
ing brochocins, thermophilins, plantaricins or lactococcins
are also glycine-rich, cationic, and hydrophobic peptides,
which display conformational plasticity as Plasticins.
Numerous works have demonstrated, that membrane disrup-
tion models elaborated for amphiphilic peptides (e.g., toroi-
dal pore or carpet model) cannot adequately describe the
bactericidal action of bacteriocins. Specific targets seem
rather to be involved in pore formation and other activities
(Nes and Holo 2000). Recently, Wimmer et al. have empha-
sized the versatility of novispirin G-10 interactions, a 18-res-
idue designed cationic peptide derived from the N-terminal
part of a sheep antimicrobial peptide, with detergent and lip-
ids (Wimmer et al. 2006). Novispirin ability to bind to these
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Table 5 Structural
interconversions from aqueous
to membrane environment and

plurifunctionality of several
representative membrane-active
peptides

Conformational transitions Biological
from aqueous to membrane- activities
like environments
Plasticins unordered structures + -
turns/B-hairpins/aggregatedf- Antimicrobial
(Bruston et al. 2007; EI Amri et al. 2006; Vanhoye et structures Proapoptotic
al. 2004) l Fusogenic?

DRP-PBN2 : GLVTSLIKGAGKLLGGLFGSVTGa

[K*"2, F'®]- DRP-PD 3-6 :

aggregatedp-structures/p-
turns/o-helical

GVVTDLLKTAGKLLGNLFGSLSGa

Indolicidin

unordered structures + B-turns
Antiviral (anti-HIV1)

(Chan et al. 2006; Hsu et al. 2005; Robinson et al. Antimicrobial
1998) unordered structures/g-turns/o- Proapoptotic
TLPWKPWWPWRR-NH, helical
. o-helical +unordered structures
Penetratins o
Antimicrobial

(Henriques et al. 2006; Magzoub et al. 2002)

RQIKIWFQNRRMKWKK

Cell-penetrating

aggregatedf-structures/B-turns

Gp41 fusion peptide
(Buzon et al. 2005; Cole et al. 2003;)

AVGIGALFLGFLGAAGSTMGARS
GALFLGAAGSTMGAWSQPKKKRKV

o-helical +unordered structures

Antimicrobial
Fusogenic

Cell-penetrating
aggregatedp-structures

amphiphiles and to form o-helical structure was found to be
sensitive to the electrostatics environment. In summary, the
antimicrobial potency of linear flexible peptides, adopting
various conformational states in equilibrium or not, may be
driven by functionally suitable topologies.

Towards new biological effects of membranotropic
action

Biologically relevant interactions must be specific at the
molecular level (Nagpal et al. 2002). Both the hydrophobic
clustering and the electrostatic interactions accompanied by
the relative conformational flexibility in a peptide molecule
would provide certain leeway within this specificity.
Table 5 points out the importance of structural interconver-
sions for the acquisition of a given biological activity
through the example of several representative membrane
active peptides in comparison with Plasticins (Indolicidin,
Penetratin, Gp41 fusion peptides). Plasticity of interactions
could also ensure the recognition of a broad spectrum of
organisms, which would be a necessity in host defence.
Studies on plasticins gave insights on the many ways a pep-
tide could perturb biomembranes, leading to a biological
activity. Previous studies have revealed proapoptotic prop-
erties of two cationic Plasticins against Hela cells. Interest-
ingly, structural and orientational plasticity is also an
interesting property of cell-penetrating peptides (Clayton

et al. 2006). Structural versatility of tryptophan-rich indo-
licidin seems also to be a key for the acquisition of variable
activities (antiviral, antimicrobial and proapoptotic) (Chan
et al. 2006; Hsu et al. 2005; Robinson et al. 1998). More-
over, it has been reported that peptide fusogenicity largely
involves conformationally disordered peptides with a pro-
nounced structural plasticity (Hofmann et al. 2004; Reic-
hert et al. 2007). Plasticins could be regarded as models of
multipotent membrane-active peptides guided by structural
plasticity. Ongoing studies in the laboratory aim to explore
their fusogenicity.
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