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Abstract: To facilitate microbial membrane invasion, amphiphilic α-helical antimicrobial peptides (α-AMPs) show
a spatial segregation of hydrophobic and hydrophilic residues about the α-helical long axis. Here we discuss
potential mechanisms by which these peptides are able to disrupt membrane structure and the structural
characteristics, which are required for function.

INTRODUCTION

Antimicrobial peptides (AMPs), represent an ancient host
defence mechanism [1] that is utilised by a diverse range of
organisms including mammals, birds, amphibians,
crustaceans, fish, insects, plants and microbes [2-4]. Some
AMPs are produced constitutively whilst others are
synthesised in response to microbial attack [5] at rates,
which are up to one hundred fold faster than those used for
protein synthesis by the adaptive immune system [6]. This
ready availability of AMPs forms a crucial component of
innate immune systems making it a highly effective first line
of defence in animals [7] and there is evidence that some
AMPs may play wider roles by also acting as
immunomodulatory signals and attenuating antimicrobial
responses of the adaptive immune system [8].

AMPs are able to kill a remarkable range of cells and
microbes, including: bacteria, fungi, protozoa, enveloped
viruses, malignant cells and parasites [9,10]. There is
currently little evidence of microbial resistance to AMPs
possibly as a consequence of the relatively non-specific
mechanisms of antimicrobial action used by AMPs [11]. All
AMPs are membrane interactive and whilst the antimicrobial
action of some AMPs appears to involve attack on
intracellular targets, in most cases, direct attack on the
microbial membrane itself is the primary killing mechanism
used by these peptides [12,13]. Numerous studies have
shown that the invasion of microbial membranes by AMPs
leads to a variety of lethal effects, including: membrane
depolarisation, permeabilisation and lysis, with these effects
generally mediated by the non-specific interaction of AMPs
with the membrane lipid matrix rather than membrane
proteins [14,15]. To accommodate the inherently
amphiphilic nature of the membrane lipid matrix, AMPs
themselves have developed a variety of amphiphilic
structures. Here we consider the manipulation of
amphiphilicity as a general strategy used by AMPs to
facilitate microbial membrane invasion and review recent
analytical studies used to investigate relationships between
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function and, structural, biochemical and biophysical
properties, of AMPs that form amphiphilic α-helices (α-
AMPs).

AMPHIPHILICITY AS A GENERAL STRATEGY IN
THE ANTIMICROBIAL ACTION OF AMPS

AMPs are usually grouped according to their secondary
structures [16,17] and within these structures, three distinct
forms of amphiphilicity can be identified [18]. Indolicidin
[19] and tritrpticin [20] for example exhibit primary
amphiphilicity with a core segment composed of a short
central apolar sequence that is flanked at each end by cationic
residues [18-20]. Studies on both AMPs have suggested this
core segment is essential for membrane interaction and
partitions into membranes such that its central apolar
sequence resides within the membrane hydrophobic core
region and both sets of flanking cationic residues interact
with the lipid headgroup region of the same leaflet [21,22].
Evidence implies that the distribution of hydrophobicity
along these highly symmetrical sequences is important for
peptide orientation during the antimicrobial action of these
AMPs [19].

In contrast to the above, cysteine rich β-sheet AMPs,
such as defensins [14], and other conformationally restrained
AMPs [23], form a major group of peptides that invade
microbial membranes though the use of tertiary
amphiphilicity. In this case residues that are distal in the
primary structure of a molecule are brought together in its
tertiary structure to form polar and apolar surfaces [18], as
shown for the human defensin, neutrophil-3, in figure 1. It
can be seen that the N-terminal and C-terminal residues of
this molecule are brought together to form its polar face
whilst the folding pattern of its middle region generates the
apolar face. Defensins may be taken as representative of
tertiary amphiphiles and the sequences and folding patterns
of these AMPs varies widely across mammals, insects and
plants [14,24], generating a rich spectrum of amphiphilic
structures. In this manner, tertiary amphiphilicity has been
tailored by AMPs to facilitate microbial membrane invasion
and the antimicrobial actions of a structurally diverse range
of peptides that are appropriate to the defence needs of an
equally diverse range of host organisms [2,14,23,24].
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The final group include α-helical antimicrobial peptides
which possess secondary amphiphilicity i.e. a spatial
segregation of hydrophobic and hydrophilic residues about
the α-helical long axis as shown for the amphibian extudate,
magainin, in figure 1. This group of AMPs generally
requires the presence of an amphiphilic interface such as that
of the membrane to trigger helix formation. In the course of
microbial membrane invasion, the secondary amphiphilicity
of α-AMPs allows the non-polar face of their α-helical
structure to interact with the membrane lipid core whilst
concomitantly permitting its hydrophilic face to engage in
electrostatic interactions with the membrane lipid headgroup
region [11,18]. As for tertiary amphiphilicity, it is well
established that variations in the secondary amphiphilicity of
α-AMPs can lead to the use of different mechanisms of
microbial membrane invasion and antimicrobial action.
However, the regular arrangements of residues associated
with secondary amphiphilicity allows the use of formal
quantitative analysis to compute α-helix structural
parameters [18,25,26] and thereby, permits the statistical
investigation of both inter-relationships between these
parameters and their variance with other factors such as
microbial efficacy and specificity. Most recently, a number
of such investigations have been undertaken, assisted by the
establishment of databases containing detailed structural
information for many of the known α-AMPs [15,27,28].

MODELS FOR THE MEMBRANE INTERACTION
OF α-AMPS

A database describing over three-quarters of known α-
AMPs (circa 200) was recently established [28] and showed
that the minimum inhibitory concentrations (MICs) of all
these peptides lay in the micromolar range (table 1), clearly
reinforcing the view that their interaction with the microbial
membrane is not a receptor-mediated process [15]. Several
models for the invasion, permeabilisation and lysis of
microbial membranes by α-AMPs have been proposed,

which in general, relate to bacterial targets. These models
have been extensively reviewed elsewhere [15,30,31] and
therefore only an overview is presented here. When attacking
Gram-negative bacteria, cationic AMPs first target the
negative charge carried by lipopolysaccharide (LPS) of the
outer membrane with this interaction leading to membrane
expansion and the displacement of Ca2+ and Mg2+ ions that
normally stabilise outer membrane structure [32]. In the case
of Gram-positive bacteria, AMPs target the negative charge
of teichoic acids, techuronic acids and amino acid carboxyl
groups present on the outer surface of the peptidoglycan
layer. For both these bacterial classes, these initial surface
interactions lead to passage of AMPs across the
peptidoglycan layer and binding to the anionic outer surface
of the cytoplasmic membrane [15]. There is evidence to
suggest that α-AMPs may adopt amphiphilic α-helical
structure upon interaction with the outer surface of either
Gram-negative or Gram-positive bacteria, and upon binding
to the cytoplasmic membrane [15,32]. To explain the lethal
action of α-AMPs on microbial membranes three major
models have been proposed. According to the “Barrel stave
pore model (BSPM)”, α-AMPs initially bind
electrostatically to the lipid headgroup region of the
microbial membrane and in an orientation parallel to the
membrane surface. Subsequent spontaneous re-alignment of
these peptides to an orientation perpendicular to the
membrane surface leads to the creation of a transmembrane
pore. The pore is constructed with the hydrophobic faces of
participating peptide α-helices interacting with the lipid core
of the membrane, whilst their hydrophilic surfaces face
inwards to form an aqueous pore, as shown in figure 2A
[30,31].

The “Toroidal pore model (TPM)” assumes that α-AMPs
utilise a mode of initial membrane binding and orientation
that is similar to that proposed by the BSPM. However,
according to the TPM, the aggregation of α-AMPs on the
membrane surface imposes a positive curvature strain by

Figure 1. The amphiphilicity of α-AMPs. Figure 1A was adapted from Raj and Dentino, [14] and illustrates the tertiary amphiphilicity
possessed by the β-sheet defensin, human neutrophil-3. The side-chains of residues are not shown for clarity and it can be seen that
proximity of N-terminal and C-terminal residues generate the polar face whilst the folding pattern of the molecule’s middle region
generates the apolar face. Figures 1B and 1C illustrate the secondary amphiphilicity of magainin, an amphibian extrudate. Figure 1B
was adapted from Epand and Vogel [29] and illustrates the three-dimensional α-helical segregation of polar and apolar residues of
magainin using the side-chains of lysine residues in the magainin polar face and phenylalanine residues in the peptide’s apolar face as
examples. In figure 1C, magainin is represented as a two-dimensional axial projection with hydrophobic residues encircled and the
peptide’s well-defined segregation of polar and apolar residues about the α-helical long axis can be clearly seen.



Amphiphilic α-Helical Antimicrobial Peptides Protein and Peptide Letters, 2005, Vol. 12, No. 1    33

increasing the distance between membrane lipid head groups.
At a critical concentration, these aggregated α-AMPs realign,
causing the membrane surface to cavitate inwards and
ultimately form a toroidal pore. In contrast to the BSPM,
the TPM requires that α-AMPs remain in close association
with membrane lipid head groups and pores of the TPM are
therefore, lined by polar lipid head groups and hydrophilic
surfaces of α-AMPs (figure 2B). TPM pores are proposed to
be transient and upon disintegration, α-AMPs can be
translocated onto the inner surface of the membrane, which
could explain the ability of some to attack intracellular
targets [15,31]. According to the “Carpet mechanism”(figure
3), which is essentially multiple use of the TPM, α-AMPs
“carpet” the surface a target membrane and when sufficiently
accumulated, create numerous toroidal pores that coalesce
forming ‘islands’ in the membrane, ultimately leading to
membrane micellization and microbial cell lysis [30,31].

Most recently, a novel model, which incorporates aspects
from several of the models described above, has been
presented to explain the antimicrobial action of α-AMPs.
Jointly attributed to Shai, Huang and Matsazuki [13], the
SHM model essentially proposes that “carpeting” of the
microbial membrane with α-AMPs leads to the displacement
of membrane lipid, alterations to membrane structure and
either microbial membrane destruction or the internalization
of these AMPs [13] as shown in figure 4. The SHM model
appears to explain the antimicrobial action of many α-AMPs
but an analysis of this class of AMPs, presented in this issue

[33], suggests that there may be a subclass of α-AMPs that
are not covered by the SHM model. Most membrane
interactive α-helices possess relatively constant levels of
hydrophobicity along the α-helical long axis, leading these
α-helices to adopt stable membrane orientations that are
either approximately parallel or perpendicular to the
membrane surface. Most of the models described above seem
to assume that the stable orientations adopted by α-AMPs
are governed by the possession of such hydrophobicity
distributions. However, the analyses of Dennison et al., [33]
suggests that a number of α-AMPs may possess oblique
orientated α-helical structure. In contrast to most classes of
membrane interactive α-helices, oblique orientated α-helices
possess asymmetric distributions of hydrophobicity along
the α-helical long axis, which causes angled membrane
orientation and penetration, and thereby, the destabilisation
of membrane lipid structure. This clearly raises the
possibility that such AMPs may utilise hitherto undescribed
mechanisms of membrane permeabilisation and antimicrobial
action.

THE INFLUENCE OF AMINO ACID COMPOSITION
ON THE ANTIMICROBIAL ACTION OF AMPHI-
PHILIC α-AMPS

Clearly, a major role for strongly basic, anionic and polar
residues on the one hand and apolar residues on the other
hand, is to facilitate the formation of  amphiphilic  structure.

    A  B

Figure 2. Schematic representation of pores formed by α-AMPs. Figure 2A shows a “Barrel stave” pore: The hydrophobic surfaces of α-
AMPs (black) are in direct contact with the membrane lipid core whilst their hydrophilic surfaces (white) point inwards producing an
aqueous pore. Figure 2B shows a “Toroidal” pore: The lipid headgroup regions of opposing membrane surfaces are continuous and an
aqueous pore is formed, which is lined by polar lipid head groups and the hydrophilic surfaces of closely associated α-AMPs.

Figure 3. The “Carpet” mechanism of α-AMPS antimicrobial action. Figure 3 shows α-AMPs “carpeting” the surface of a target
microbial membrane. At a critical concentration the membrane is saturated with peptides, which leads to the formation of multiple
toroidal pores, micellization of the membrane and ultimately cell lysis.
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Figure 4. The SHM model for the antimicrobial action of α-AMPs. Figure 4 was adapted from Zasloff [13] and in figure 4A, α-AMPs
target and “carpet” the outer surface of a microbial membrane. Figure 4B shows incorporation of these α-AMPs into the membrane,
accompanied by thinning of the outer leaflet and an increase in its surface area relative to the inner leaflet, resulting in strain within
the bilayer (indicated by broad arrows). Figure 4C shows membrane phase transition, the appearance of membrane “wormhole” lesions
and transient pores, which facilitates the translocation of lipids and α-AMPs to the inner leaflet (figure 4D). In some cases, the
diffusion of α-AMPs to intracellular targets may now occur (figure 4E) whilst in other cases, fragmentation and physical destruction
of the microbial cell membrane can occur (figure 4F).

Consistent with this role, compositional analysis has shown
that on the average, α-AMPs contain close to 50% polar and
50% non-polar residues [15]. To ascertain if the residue
composition of α-AMPs varied with microbial specificity, A
more recent compositional analysis of α-AMPs (figure 5;
[34]) compared the relative residue frequencies of α-AMPs,
which targeted four differing groups of organisms, namely
those with absolute specificity for either Gram-positive
bacteria {G+} or Gram-negative bacteria {G-}, those with
broad range antibacterial specificity {G+, G-} or those with

both antibacterial and antifungal specificity {G+, G-, F}.
These comparisons suggested that the overall residue
compositions of α-AMPs active against these groups were
generally similar. This analysis did though indicate that
when the relative frequencies of amino acid residues in these
AMPs were compared to those of other classes of peptides,
as represented by the dataset of McCaldon and Argos [35],
clear differences were shown by certain residues, suggesting
functional relevance. This study found that anionic residues
were relatively scarce in α-AMPs (figure 5), presumably to
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maximise cationicity, and when present, tended to be in
positions that are i ± 3 or i ± 4 relative to basic residues.
Although effectively reducing the net positive charge of the
helix, it has been suggested that this structural positioning
may promote helix formation via salt bridging and may be a
strategy for improving the amphiphilicity of an otherwise
poorly amphiphilic α-helical residue arrangement [36].
Glycine, which is an efficient N-capping agent [37], was also
found to be abundant in α-AMPs (figure 5) and the
propensity of peptides to form α-helical structure is known
to be influenced by capping effects [15]. Furthermore, this
propensity is strongly favoured by the C-terminal amidation
of peptides, providing an additional hydrogen bond for α-
helix-stabilisation [38], and amidation at the C-terminus is
often observed in α-AMPs with typical examples including
cecropin A [39] and temporin B [40]. Figure 5 also indicates
that residues such as leucine, alanine and lysine, which have
a strong propensity to stabilise α-helical structure, are
particularly well represented in α-AMPs. In contrast, it can

be seen that the relative frequency of phenylalanine shows no
particular predisposition to α-AMPs, contrasting to the other
aromatic residues, tyrosine and tryptophan, which each show
a very low relative frequency. It is well established that these
latter two residues preferentially localise to the membrane
interfacial region, playing a role in the membrane
positioning of a number of biologically active α-helices
[38], including tryptophan rich extended helical AMPs [19,
20]. However, based on their low frequency in α-AMPs, it
would appear that functional roles of tyrosine and tryptophan
are not generally important to the antimicrobial action of
these peptides.

THE INFLUENCE OF SEQUENCE LENGTH AND
MOLECULAR MASS ON THE ANTIMICROBIAL
ACTION OF AMPHIPHILIC α-AMPS

Currently, the shortest known α-AMPs include anoplin,
a 10 residue wasp venom peptide, whilst the longest include

Figure 5. The relative frequency of amino acid residues in α-AMPs. Frequency of occurrence of amino acid residues in primary
structures of α-AMPs shown separately for unique activity against: Gram positive {G+}; Gram negative {G-}; Gram positive and Gram
negative {G+, G-}, and Gram positive, Gram negative and Fungi {G+, G-, F}. For comparative purposes the frequencies in a random
sample of oligopeptides has been reproduced from McCaldon and Argos [35].

Table 1. Structural properties of α-AMPs. The data shown in table 1 were taken from [28, 34, 41] with figures in brackets giving
the mean value for the accompanying quoted range.

Target
organisms

Number of α-
AMPs

MIC range
(µmolar)

Molecular
mass range

(kDa)

Length range
(residues)

Net charge
range pI range

Hydrophobic
arc size range

(°)

G+ 8 7.8-40
(15.6)

2.2-4.3
(3.3)

21-43
(31.38)

-5 to +4 4.2 to 9.8 100-180
(135)

G- 8 0.04-140
(17.7)

1.7-2.6
(2.3)

19-27
(23.88)

+1 to +3 9.0 to 11.1 220-260
(232)

G+, G- 103 0.2-40
(7.9)

1.2-7.4
(3.5)

10-68
(32.72)

-1 to +16 6.7 to 12.4 40-300
(161)

G+, G-, F 42 0.04-140
(14.5)

1.4-4.9
(2.9)

13-46
(27.31)

0 to +10 5.6 to 12.7 40-240
(161)
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the prolevitide precursor, a 68 residue amphibian extudate
[28]. Most recently, Dennison et al., [34] undertook a
systematic analysis of both sequence length and molecular
mass for α-AMPs, a summary of which is shown in table 1.
The {G-} α-AMPs exhibited the narrowest range of sequence
lengths, 19 to 27 amino acids, and molecular masses, 1.7 to
2.5 kDa, whilst the {G+, G-} peptides exhibited the widest
variation in these parameter with sequence lengths between
10 and 68 residues and molecular masses between 1.1 and
7.4 kDa. For each of the {G+}, {G-} {G+, G-} and {G+, G-
, F} groups, regression analyses established that there was
no association between their MICs and either sequence
length or molecular mass, and ANOVA showed that between
all four groups, there were no significant differences in mean
sequence lengths and mean molecular masses (p > 0.05 in all
cases). Clearly, these results suggest that sequence length
and molecular mass, per se , are not important to either the
antimicrobial efficacy or specificity of the α-AMPs analysed.
However, the vast majority of α-AMPs are < 4.5 kDa and <
45 residues in length [28] and the relative invariance of these
factors across a diverse range of species implies biological
relevance to the role of these peptides as defence agents. This
importance may derive from the fact that short, low
molecular weight peptides are metabolically economical to
the host and can be more easily stored in large amounts [5],
thereby increasing the efficiency of host response to
microbial attack.

THE INFLUENCE OF PI, NET CHARGE AND
CHARGED RESIDUES ON THE ANTIMICROBIAL
ACTION OF AMPHIPHILIC α-AMPS

α-AMPs exhibit a wide range in isoelectric points (pI),
varying from 12.7, shown by horse myeloid cathelicidin
[42], to 4.2 shown by enkelytin [43] and the Amoeba pore-
forming peptide isoform A [44]. Dennison et al., [41]
established ranges of pI for {G+}, {G-}, {G+, G-} and {G+,
G-, F} α-AMPs (table 1) and using regression analyses,
these authors showed that there was no discernable
correlation between pI values and MICs for either, these
individual groups of peptides, or the dataset as a whole. The
analyses of Dennison et al., [41] also showed that the total
net charge of individual α-AMPs ranged from –5 to +16.
However, whilst some α-AMPs are anionic such as
enkelytin, or possess no overall charge, such as the
amphibian extudate, maculatin, these peptides are generally
cationic [28]. The total net charge for {G+} α-AMPs has
been shown to range from -5 to 4, whilst ANOVA showed
that this range was significantly different (p < 0.05) to those
of {G-} {G+, G-} and {G+, G-, F} peptides, which
exhibited net charges between -1 and + 16 with the majority
being within the range +1 to +10 [41]. The membranes of
both fungi and Gram-negative bacteria are generally more
effective barriers to the action of AMPs than those of Gram-
positive bacteria [11] and these findings suggested that the
unique specificity of {G+} α-AMPs for the more susceptible
membranes of Gram-positive bacteria might be related to
reduced cationicity. Studies on individual α-AMPs have
shown that net charge can modulate the antimicrobial
specificity, and efficacy, of these peptides [15]. However,
regression analyses [41] showed that there were no apparent
general correlations between net charge and MICs (p > 0.05)

for either {G+} peptides, or {G-}, {G+, G-} and {G+, G-,
F} peptides.

Whilst a direct correlation between magnitude of positive
charge and efficacy could therefore not be demonstrated, it is
well established that the net positive charge of α-AMPs
enables these peptides to target the anionic membranes of
microbes and that this positive charge primarily derives from
the enrichment of these peptides with the strongly basic
residues, lysine and arginine (figure 1; [2]). At physiological
pH, both of these residues are fully charged and in this
capacity, may be regarded as functionally equivalent.
However, several recent studies on a variety of AMPs have
shown that the contributions of arginine and lysine to the
antimicrobial action of AMPs can differ substantially.
Arginine to lysine substitutions in a cyclic β-stranded
peptide [45], lactoferrin B and bactenecin 5 [46] led to
decreased activity against Gram-negative bacteria in each
case. However, similar substitutions in protegrin-1 led to a
fourfold increase in activity against Gram-negative bacteria
[47]. Most recently, arginine to lysine substitutions in the
arginine rich AMP, tritrpticin, and several of its analogues,
were found to have no significant effects upon peptide
conformation but induced two-fold increases in antimicrobial
efficacy against both Gram-positive and Gram-negative
bacteria [21]. Moreover, these studies further suggested that
differences between the localisation of positive charge on
arginine and lysine side-chains, may be linked to membrane
lipid selectivity and thereby contribute to differences in the
antimicrobial action of AMPs. The structural characteristics
of the arginine and lysine side-chains have also been shown
to contribute to the membrane interactions of α-helical
peptides via the snorkelling mechanism [48-50]. According
to this mechanism, the long side-chains of these residues can
extend, or snorkel, allowing the α-helix deeper penetration
into the membrane hydrophobic core, whilst maintaining
electrostatic interactions between their charged moieties and
the membrane lipid head-group region [50]. The energetic
cost of snorkelling is low [51] and the mechanism is
commonly used by membrane interactive proteins, ranging
from the transmembrane M13 coat protein [52] to proteins
active at the interface, such as apolipoproteins [11]. No
systematic investigation into the use of the snorkelling
mechanism by α-AMPs seems to have been undertaken but
most recently, our own studies have shown a novel α-helical
peptide, GTAMRILGGVI, to be active against both Gram-
positive and Gram-negative bacteria, and haemolytic [53].
Both these, and other biophysical studies [54], have
suggested that this peptide’s sole arginine residue facilitates
deeper levels of membrane interaction and membrane
disruption via the snorkelling mechanism.

THE RELATIONSHIP BETWEEN HYDROPHO-
BICITY, AMPHIPHILICITY AND THE ANTI-
MICROBIAL ACTION OF α-AMPS

Most α-AMPs are random coil in solution and their
insertion into membranes is an enthalpy driven process that
derives stabilisation from the random coil → α-helix
transition [37,55-57], bilayer reorganisation and the
hydrophobic interactions of the α-helix’s non-polar residues
with the lipid bilayer core [38,58]. In this context, the
hydrophobicity of an amphiphilic α-helical segment may be
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thought of as a measure of its affinity for the membrane core
and is usually determined by the mean hydrophobicity of the
segment (<H>) or the hydrophobic arc / angle generated
when the segment is represented as a two-dimensional axial
projection (figure 1; [18]). Biophysical studies have shown
that hydrophobicity can modulate the antimicrobial efficacy
and specificity of individual α-AMPs [15] and Dennison et
al., [41] showed that, for each of the {G+}, {G-}, {G+, G-}
and {G+, G-, F} groups of peptides, low values of <H> and
hydrophobic arc / angle tended to correspond to high MICs
and vice versa. However, these tendencies were not
statistically significant (p > 0.05) and whilst the
contribution of hydrophobicity to the antimicrobial action of
these groups of α-AMPs is clearly of importance, its lack of
a strong correlation with antimicrobial efficacy suggested
that this contribution is not overriding and therefore, those
of other factors are also important.

Amphiphilicity is closely related to hydrophobicity and
manifested in the primary structure of amphiphilic α-helical
segments by the periodic occurrence of doublet or triplets of
hydrophobic residues, alternating with similar patterns of
polar residues. This periodicity in hydrophobic residues
allows amphiphilicity to be quantified by Fourier transform
based techniques and a number of such techniques have been
developed for this purpose [18,26]. The most commonly
used is the hydrophobic moment methodology of Eisenberg
et al., [59], which is conveniently able to reduce the three-
dimensional amphiphilicity of a α-helical segment to a
single quantity, <  µH >. The studies of Dennison et al., [34]
showed that, whilst not statistically significant, for the
{G+}, {G-}, {G+, G-} and {G+, G-, F} groups of peptides,
high values of <µH > tended to correspond to high MICs and
vice versa. This trend is the inverse of that described above
for <H> and implied that there may be an inverse correlation
between <  µH > and <  H  > for α-AMPs. Consistent with
these observations, it has been recently shown that negative
linear correlations between <  µH > and <  H > exist for
several classes of biologically active amphiphilic α-helices
[60,61]. Moreover, these latter studies found that these linear
correlations varied with the nature of the membrane
partitioning shown by the α-helical classes analysed, which
led Dennison et al., [34] to investigate if such relationships
existed for α-AMPs. Key results from these studies are
shown in figure 6 for {G+, G-} and {G+, G-, F} peptides,
along with corresponding analyses of the dermaseptin and
gaegurin families of peptides, which to be consistent with
the convention of Dennison et al., [41] are designated as
{G+, G-, F, P} peptides to indicate their additional
antiprotozoan activity. It can be seen from figure 6 that there
is a negative linear relationship between <  µH > and <  H  >
for each of these groups of peptides, which statistical
analysis showed to be highly significant in each case (p <
0.05). These linear relationships imply that a characteristic
balance between amphiphilicity and hydrophobicity may be
required by each of these groups of α-AMPs to invade the
membranes of their respective target organisms. Biophysical
studies on the membrane interactions of both novel peptides
and modified α-AMPs generally support these latter
observations [62] and similar studies involving defensins
have suggested that appropriate balances between
amphiphilicity and hydrophobicity may be important to the

ability of these peptides to invade the membranes of
differing target organisms [14]. Further examination of figure
6 shows that the sensitivity of <  µH > to changes in <  H  >
decreases significantly in the order {G+, G-}→ {G+, G-F,
P} → {G+, G-, F}. These results would seem to imply that
hydrophobicity is of increasing importance in the order of
this progression and therefore, to α-AMPs with broader
range antimicrobial activity that includes the invasion of
eukaryotic membranes. These observations receive general
support from a number of studies, which have shown that
increasing hydrophobicity promotes the selectivity of α-
AMPs for eukaryotic membranes over prokaryotic
membranes, partly due to an enhanced affinity for
zwitterionic lipid, which is generally far more abundant in
these former membranes than the latter [15,63].

SUMMARY AND CONCLUDING REMARKS

This review has highlighted recent progress in the
understanding of structure / function relationships that
underlie the antimicrobial action of α-AMPs and it would
appear that there is no direct correlation between activity and
sequence length, molecular mass or pI. It is well established
that the possession of lysine and arginine residues allows α-
AMPs to target microbial membranes but it is emerging that
these residues may also actively participate in mechanisms
that promote microbial membrane penetration by these
peptides. Amphiphilicity and hydrophobicity are established
as major structural features that mediate the invasion of
microbial membranes by α-AMPs but it seems that an
appropriate balance between these structural features may be

Figure 6. Hydrophobic moment plots of α-AMPs. Figure 6

shows plots of < µH > versus < H > for the groups of α-AMPs:
{G+, G-}(A), {G+, G-, F, P} (B) and {G+, G-, F} (C), and for each of
these groups, a negative linear relationship can be seen to exist
between < µH > and < H  >. The decreasing gradients of these
relationships indicates decreasing sensitivity of < µH > to
changes in < H >, thereby implying that hydrophobicity
assumes increasing importance to the antimicrobial action of
these groups of α-AMPs in the order {G+, G-}→ {G+, G-, F, P} →
{G+, G-, F}.
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necessary for such invasion with potential for variations in
this balance to contribute towards the differing microbial
specificities of these peptides. Most recently, the novel
possibility that some α-AMPs may utilise oblique
orientated α-helical structure to promote microbial
membrane invasion has been suggested.

Of known AMPs, structure / function relationships of α-
AMPs are probably the most extensively researched and the
best understood. This understanding has provided insight
into the membrane interactive mechanisms used by both
other α-helix forming peptides and other classes of
antimicrobial peptides. Moreover, continued progress in this
direction would seem essential to the development of
modified and de novo AMPs, which many view as the next
generation of antibiotics in the global fight against multi-
drug resistant pathogens.
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