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Abstract: Peptide-membrane interaction is an important step to be evaluated in a study of the activity and mode of action
of several bioactive peptides. A variety of methods are available; however, few of them satisfy the criteria of being sensitive,
biocompatible, versatile, easy to perform, and allowing real-time monitoring as the use of potential-sensitive fluorescent probes.
Here we review methods for detecting the effects of membrane-active peptides, even those that are not intrinsically fluorescent, on
the different types of membrane potentials, with a special emphasis on studies conducted with living cells. FPE is a probe sensitive
to surface potential and detects electrostatic interactions at the water-lipid interface. Di-8-ANEPPS is sensitive to dipole potential
and detects membrane incorporations. Transmembrane potential changes reveal major membrane destabilizations, such as in
pore formation. The combination of the information obtained from the three potential variations can lead to a more elucidative
picture of the mechanisms of the interaction of relevant peptides with biomembranes. Copyright © 2008 European Peptide Society
and John Wiley & Sons, Ltd.
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INTRODUCTION

The cell membrane is the interface between the
cytoplasm and the outer environment, where all
the exchanges and interactions take place, allowing
cells to obtain nutrients and energy, export, attach,
communicate and sense, with the aid of a myriad
membrane-associated proteins. The numerous roles
of membranes are indicative of its extraordinary
functional flexibility.

Interaction of peptides with lipid bilayers, either
cell membranes or artificial vesicles, is an expanding
research field, as peptides are a very versatile and
heterogeneous group of molecules. Depending on
the peptide sequence, charge, hydrophobicity and
secondary structure, it can be prone to interact
with lipid bilayers by simple electrostatic surface
interaction, incorporation due to the hydrophobic effect,
translocation or pore formation. All of this brings
consequences for membrane structure, namely on lipid
organization and packaging, induction of events such
as fusion, aggregation or content leakage.

Measuring these types of interactions can help to
unveil the mode of action of these membrane-active
peptides. These studies are particularly important
in drug research, where interaction with membrane
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lipids can determine the drug effects, delivery, and
bioavailability [1,2]. Even for peptides whose targets
are membrane proteins, the membrane can act as
a catalyst in the reaction, the so-called ‘membrane
catalysis model’, as it is much more probable that the
peptide establishes contact first with the membrane
and not directly with the receptor [3]. Studies on
peptides can also serve as a simple model to understand
interactions at higher levels of complexity, such as the
interaction of proteins with the membrane [4].
Fluorescence methods are very sensitive, relatively
simple to perform and can provide reliable results. In
the specific case of the use of simple mimetic sys-
tems of biological membranes (lipid vesicles) and if the
peptide have intrinsic fluorescent amino acid residues,
especially tryptophan, the peptide-membrane binding
can be followed by fluorescence spectroscopy due to
microenvironment induced changes on quantum yields,
spectral changes, fluorescence anisotropy or fluores-
cence lifetimes of these residues [5]. However, this
technique is not suitable for peptides lacking fluores-
cent aminoacid residues and/or if we want to study
the interaction with biomembranes, where other pro-
teic components are already present. In order to face
these limitations, alternative strategies were developed
to indirectly measure peptide interactions with mem-
branes. This can be achieved by monitoring the effects
of these interactions on the different types of membrane
potentials, using membrane incorporated fluorescent
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probes. This is a minimally invasive method and avoids
the necessity of peptide derivatization, which modifies
its native structure and can potentially lead to biased
results.
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In this article, we will focus on methods for measuring
the interaction of peptides with membrane-model
systems and cell membranes based on the use of
fluorescent dyes that are sensitive to different types
of membrane potential, namely, surface, dipole and
transmembrane potentials.

SURFACE POTENTIAL

The surface potential arises from the net excess charges
that accumulate in the outer surface of the membrane,
in contact with the external medium (Figure 1). It
is therefore the potential difference between the
membrane surface and the bulk medium. The sources
of these charges are mainly charged lipid head-groups
and ions electrostatically interacting with them [6-8].
Any interaction of a charged entity with the membrane
surface is likely to alter the surface potential and hence
it is susceptible to be detected by a fluorescent probe.
Fluorescein phosphatidylethanolamine (FPE) is a
probe sensitive to surface potential (Figure 2) [9]. It
was first used to measure pH changes in the internal
compartment of lipid vesicles due to the variation
of its quantum yield with the protonation state of
the fluorescein (increased fluorescence with increased
deprotonation) [10]. Later it was described more
generically for the measure of pH at the water/lipid
interface [11], a property that permits, for instance,
the assessment of a proton pump activity [12,13].
During these experiments it was realized that changes
in the medium ionic strength could compromise the
PH measurements, which led to studies concerning the

Figure 1 FElectrical potential profile across a phospholipid
bilayer. The surface potential (y) arises from charge accumu-
lation at the membrane surface, the dipole potential (v4) is
a consequence of the alignment and distribution of lipid and
water dipoles, and the difference in charge concentration in
the two bulk mediums separated by the membrane constitutes
the transmembrane potential (Avy).
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Figure 2 Structures of the membrane potential probes FPE and di-8-ANEPPS, incorporated in a phosphatidylcholine membrane
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When incorporated into lipid membranes, the fluo-
rescein moiety of this probe stands precisely in the
water-lipid interface, and hence it has the ability to
detect pH or charge distribution changes at the mem-
brane surface [9]. FPE behavior can be explained by the
Handersen-Hasselbach equation, taking into account
the surface potential [14]:

)\ _oH- (pr - FYs
log<$>_pH <pK RT1n10> (D

where ¢ and cyr are the concentrations of the
dissociated and protonated forms, respectively, of the
fluorophore located at the membrane surface, and the
expression pK — Fy/(RTIn10) is the apparent pK,
where ¥ is the surface potential. It can be easily
understood that for the fluorescein moiety of FPE,
standing at the membrane surface, changes in the
surface potential at constant bulk phase pH, will affect
its apparent pK and consequently, its protonation state,
resulting in changes in the quantum yield [9,15]. The
simplest test to verify the correct incorporation and
responsiveness of FPE in vesicles or cells is the addition
of calcium ions to the medium, which will lead to an
increased surface potential and consequently decreased
fluorescein apparent pK, increased deprotonation,
and increased fluorescence intensity [9]. A possible
interference factor is the adsorption of proteins, which
may change the dielectric constant in the vicinity of the

Copyright © 2008 European Peptide Society and John Wiley & Sons, Ltd.

fluorescent probe, so that fluorescence changes may
not only reflect surface potential alterations.

The first experiments that used FPE to assess
peptide-membrane interactions were done with phos-
pholipid vesicles and involved the study of the pep-
tides pyrularia thionin (PT), CTX (Naja naja kaouthia
cardiotoxin), p25 (leader peptide of subunit IV of
cytochrome c oxidase) and melittin, known to be
membrane-active [9]. FPE was characterized in terms
of its fluorescence spectra in phospholipid vesicles and
pH titrations were done to determine the pKyp, in dif-
ferent ionic conditions. The correct incorporation of
FPE in the outer leaflet of the vesicles was tested. PT
and CTX were shown to interact with phosphatidyl-
choline/phosphatidylserine (PC/PS) phospholipid vesi-
cles, as addition of each peptide caused an increase
in the fluorescence of membrane-bound FPE. Melit-
tin and p25 had a slightly different behavior: they
also caused an increase in the fluorescence inten-
sity upon addition (increase in electropositivity of the
membrane surface) but followed by a slow decrease
until saturation (Figure 3). This biphasic interaction
was more clearly observed using a stopped-flow rapid
mixing technique, as it allowed resolving of the ini-
tial fluorescence increase in the millisecond time-scale.
The final decrease can be explained by the insertion
of regions of the peptides, or even its translocation,
placing the positive charges away from the membrane
surface, no longer affecting its potential. Melittin has a
short hydrophobic N-terminal helix bearing two posi-
tive charges (in a total of six) that can insert into the
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lipid bilayer [16]. This is in agreement with the results
mentioned above [9], because the extent of the signal
decrease following the insertion event is approximately
1/3 of the initial change, as stated by the original
authors. For the case of p25, it has been reported that
the N-terminal region of the peptide, containing posi-
tive charged aminoacid residues, inserts into the lipid
bilayer with its axis perpendicular to the membrane
surface [17]. Pore-formation and peptide translocation,
which can also explain the decreased number of positive
charges in contact with the surface upon peptide-
membrane interaction, have actually been reported for
melittin [18], and can be advanced as a hypothesis
for the case of p25. Titrating FPE-labeled PC/PS vesi-
cles with p25 held a hyperbolic binding curve with an
approximate half saturation point of 4 pm.

A more systematic study of the interaction of p25
with membrane vesicles was done later [19]. Relying on
the stopped-flow technique, fluorescence changes were
recorded over time and the dependence of fluorescence
change with the p25 concentration was found to be
described by a cooperative model (sigmoidal curve).
It was the first time that a cooperative behavior was
identified in a signal-sequence peptide and denotes the
complexity of peptide—membrane interactions.

FPE labeling of living cells is also possible and
was done, for the first time, with erythrocytes and
lymphocytes [15]. Systematic studies for B-lymphocytes
were carried out with BSA. Serial additions of this
protein caused a decrease in fluorescence intensity,
as expected, considering BSA negative net charge
at the pH of the experiment (pH 7.5). Changes on
fluorescence upon BSA addition were plotted and
analyzed according to a single binding site model,
resulting in a Ky of 2.85+0.48 um (Figure 4). The
choice of this specific fitting model can be controversial.
However this does not imply that there is only one
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Figure 3 Time-course variation of FPE-labeled PC vesicles
fluorescence during mixing with p25 at the concentrations
(um) indicated in each trace. Traces were offset for clarity and
for each one, two experimental traces were combined covering
time periods with different scales. Reprinted with permission
from [19]. Copyright 1996 American Chemical Society.
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possible molecular explanation for the process. The
majority of the peptide—membrane interactions actually
follow a simple water-membrane partition [5] but
this cannot be quantified directly by these methods.
For assessing the response of FPE to protein-ligand
interactions at the membrane level, assays were
done using MHC class II monoclonal antibodies
and a fluorescence decrease was observed. By the
opposite, testing with an antibody that lacks binding
site in B-lymphocyte membranes, GaM-IgG, showed
no alterations in fluorescence. For studying peptide
interactions with FPE-labeled erythrocyte membrane,
melittin, poly-L-lysine, and BSA were chosen. The
first two macromolecules, being positive at the pH
of the experiments, should increase membrane-bound
FPE fluorescence. However, the opposite was observed
instead. Only when FPE-labeled erythrocytes were
previously treated with neuraminidase, the expected
fluorescence increases were observed. It seems that
for the specific case of erythrocytes, the abundant
negatively charged sialic acid residues of membrane
glycoproteins affects the response of FPE. It can be
speculated that binding of melittin or poly-L-lysine
to these moieties may alter its organization and
disposition in such a way that their influence on the
microenvironment on the close vicinity of the membrane
surface would change the FPE response, explaining the
decrease in fluorescence.

HIV-1 infection of T-lymphocytes involves the inter-
action of its membrane glycoprotein gp120 with CD4
receptors and co-receptors. When that happens, gp41
is exposed and its fusion peptide domain is inserted
in the target cell membrane [20]. The interaction of
this 16 residues gp41 fusion peptide (gp41;,) with
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Figure 4 Effect of serial additions of BSA on the fluorescence
of FPE-labeled B-lymphocytes. Fluorescence decreases over
time as BSA has a net negative charge at pH of the assay (7.5).
The inset represents the absolute fluorescence changes as a
function of BSA concentration, in which solid lines represent
the fittings to a single binding site and a cooperative model [15].
Reproduced with permission of the Company of Biologists.
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T-lymphocyte membranes was assessed using FPE [21].
Assays with FPE-labeled PC vesicles show increased
fluorescence in the presence of this peptide and a coop-
erative behavior on the variation of fluorescence with
peptide concentration. These results were confirmed
using Jurkat T-lymphocytes. Moreover, the effects of
interleukin 8 (IL-8), heparitinase, heparin, and hep-
aran sulfate were also investigated. The presence of
IL-8 or heparan sulfate in soluble forms, or treatment
of the cells with heparitinase, significantly decreased
the interaction between the peptide and the cell mem-
brane. Heparin apparently affects the interactions in a
much lower extent. These results indicate that gp41,
interacts specifically with heparan sulfate in the cell
surface, revealing that the latter may have an important
role in the virus attachment to the cell and subsequent
membrane fusion.

FPE was also used to study the interaction between
fibronectin, an extracellular matrix protein, and the
osteoblast membranes [22]. The variation profile of the
fluorescence against fibronectin concentration followed
a single binding site hyperbolic model, yielding an
affinity constant of 120 nM. Treating osteoblasts with
heparitinase reduced the binding capacity of fibronectin
to almost 50%. In the presence of the RGD peptide,
which sequence is involved in the binding of fibronectin
to integrin «5bl, the binding capacity is also reduced,
but at a lesser extent. Cell-surface proteoglycans are
then an essential way by which fibronectin binds to the
osteoblast membrane and not only to the integrins.

The versatility of FPE extends also to prokaryotic
cells. A successful labeling of Escherichia coli and
Helicobacter pylori was reported, after inactivation
with heat or UV light [23]. Although requiring some
optimizations, the authors managed to obtain an
adequate response with calcium ions and poly-L-lysine.
The interaction of the VacA (H. pylori vacuolating toxin)
p37 subunit with H. pylori membrane was studied and
a Ky value of 1.7 nMm was obtained by a cooperative
binding model. The interaction of this peptide with FPE-
labeled PC/PS vesicles (model system of eukaryotic
cell membranes) was also studied [23], showing a
much lower affinity. This indicates that the preferential
interaction of p37 with the bacterial membrane can be
due to its particular lipid composition or to the existence
of a specific receptor.

DIPOLE POTENTIAL

The dipole potential of lipid membranes, or alter-
ations to it, can also reveal interactions at the mem-
brane level. This type of potential originates from the
alignment of dipolar residues of lipids (polar head-
groups and glycerol-ester regions) and oriented water
molecules hydrating the outer surface of the mem-
brane (Figure 1) [24,25]. Various methods are described
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to measure dipole potentials in planar lipid bilay-
ers and lipid vesicles [26]. In terms of lipid vesicles
and cells, the easier to use, the most biocompati-
ble and allowing real-time monitoring and imaging is
the method using voltage-sensitive fluorescent dyes.
Such dyes are di-8-ANEPPS (4-[2-[6-(dioctylamino)-
2-naphthalenyl]ethenyl]- 1-(3- sulfopropyl)- pyridinium)
(Figure 2) [27] and RH421 (N-(4-sulfobutyl)-4-[4-
[4-(dipentylamino)phenyl]butadienyl]-pyridinium) [28].
Beside the aliphatic chains, these probes possess a con-
jugated structure (the chromophore region), therefore
providing an extensive degree of electron delocaliza-
tion, a reason for its fluorescence and relatively high
stokes shift. They incorporate in the outer leaflet of
the membranes and the chromophore group stays near
the lipid head-group region, sensing the local electric
field derived from the dipoles [27]. The mechanism by
which di-8-ANEPPS, and RH421 and other aminos-
tyrylpyridinium dyes operate in order to sense dipole
potential is believed to be electrochromic [29]. Absorp-
tion and emission peaks shift in response to a nearby
electrical field that differentially interacts with the
ground-state and excited-state dipole moments of the
chromophore [30,31]. Therefore these kinds of probes
suggest a dual wavelength ratiometric measurements
strategy, similar to what is done with some ion indica-
tors, such as for Ca%* [32]. This approach has several
advantages because the signal is independent of probe
or cell concentration and avoids photobleaching arti-
facts [27].

Emphasis will be put in di-8-ANEPPS, the most
used dye for dipole potential measurement. Although
the vast majority of the work with di-8-ANEPPS
relies on the excitation spectrum shift to measure
dipole potential, only recently a systematic study was
done to compare excitation and emission ratiometric
fluorescence methods for this dye, concluding that
only the former can be used [33]. Membrane fluidity is
another aspect for concern and has been addressed in
previous papers. Gross et al. [27] states that membrane
microviscosity does not significantly influence the
fluorescence excitation ratio and Clarke and Kane [34]
suggested that in order to eliminate the possible effects
of membrane fluidity, fluorescence should be detected
at the red-edge of the emission spectra, at 670 nm. It is
also relevant to refer that the use of a fluorescent probe
is not the most adequate method to measure absolute
values of dipole potential, mainly because a rigorous
calibration method has not been established yet. An
equation for converting fluorescence excitation ratio to
voltage is available [35], but is based on potential values
calculated on previous and distinct papers, by different
methods. However, in the presented cases, the use of
absolute values of dipole potential is not relevant.

The influence of dipole potential on p25 interaction
with lipid vesicles was studied with di-8-ANEPPS along
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with the above-mentioned FPE measurements for sur-
face potential [36]. In the presence of p25, the dipole
potential of di-8-ANEPPS labeled PC vesicles decreased,
as indicated by the decrease of the ratio of the flu-
orescence intensities at two excitation wavelengths,
460 and 520 nm, for the same emission wavelength
of 580 nm, with the increase of peptide concentration.
The dipole potential of PC vesicles was also manipu-
lated adding phloretin and 6-ketocholestanol (6-KC),
previously known to decrease and increase the dipole
potential, respectively [27,37]. The results showed that
the larger the initial dipole potential, the larger is
its decrease caused by the interaction of the peptide
with the membrane (Figure 5). Kinetic studies using
stopped-flow technique and the comparison with the
kinetic results obtained from FPE experiments also led
to the conclusion that the decrease in dipole potential
occurs when the peptide inserts into the membrane
rather than during the initial binding event.

A similar study was done for assessing the inter-
action between the fusion peptide from simian
immunodeficiency virus (SIV) gp32 with phosphatidyl-
choline/phosphatidylethanolamine (PC/PE) vesicles
[38]. Addition of the SIV fusion peptide to the vesicles
suspension caused a decrease in the dipole potential,
and the larger the initial dipole potential, the larger
the magnitude of the decrease, as for p25. The influ-
ence of the magnitude of the dipole potential in the
peptide-dependent membrane fusion was assessed by
a fluorescence resonance energy transfer (FRET) based
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Figure 5 Variation of the ratio of the di-8-ANEPPS fluo-
rescence intensities at two excitation wavelengths, 460 and
520 nm, R(460/520), as a function of p25 concentration. The
emission wavelength was kept at 580 nm. Each trace refers
to a different vesicle composition: ®, pure PC vesicles; O,
phloretin-enriched PC vesicles; A, 6-KC enriched PC vesicles
[36]. Reproduced with permission of the Biophysical Society.
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lipid-mixing fusion assay. It was clearly demonstrated
that increasing dipole potential with 6-KC enhanced the
fusion process and the opposite was true for phloretin.
The HIV-1 gp41 fusion peptide interaction with PC/PE
vesicles was also studies with FPE and di-8-ANEPPS
[39]. Apart from demonstrating once again that 6-KC
and, at a lesser extent, cholesterol increases membrane
dipole potential, the authors related the K; derived
from FPE kinetic studies with the dipole potential of
vesicles with different cholesterol/6-KC compositions.
The fusion peptide had a higher affinity for membranes
with higher dipole potential. As a high-dipole potential
enhances fusion and cholesterol has an increased pro-
portion on SIV and HIV membrane [40,41], the results
of these two studies shed some light on the impor-
tance of membrane lipid composition for the infectivity
of SIV/HIV.

The modulation of membrane dipole potential can
bring new possibilities in the drug delivery research
area. With this in mind two different studies are pre-
sented involving the drugs saquinavir and bacitracin.

Saquinavir is a peptidomimetic inhibitor of HIV
protease and its interaction with Caco-2 cell membrane
was studied [42]. The human intestinal epithelial
cell line Caco-2 is often used to assess intestinal
permeability of drugs [43]. The shift in the excitation
spectra of di-8-ANEPPS, indicative of alterations in
the dipole potential, revealed that saquinavir decreases
this potential when binding to Caco-2 cell membranes
and, at a lower extent, to PC/PS vesicles. Analyzing
the dependence of the ratio with the saquinavir
concentration, it was shown that for Caco-2 cells
the data followed a cooperative binding profile, in
contrast with the results obtained for vesicles, which
followed a hyperbolic single binding site model. This
is indicative that a receptor-mediated process may
take place besides the membrane binding per se, as
it is known to be a substrate of the P-glycoprotein,
the product of MDRI gene [44]. Membrane dipole
potentials were modulated by 6-KC or phloretin,
yielding a larger decrease of the fluorescence ratio for
6-KC, both for Caco-2 and lipid vesicles. Moreover,
the binding capacity of saquinavir for cholesterol
depleted cell membranes was also assessed and
found to be decreased relative to normal ones. It
is shown that increasing membrane dipole potential
enhances saquinavir binding to Caco-2 cells. Such
dipole potential modulation can be a strategy to
increase intestinal absorption.

The interaction of bacitracin with PC vesicles was
studied in the context of enhancing the transdermal
delivery of this cyclic peptide antibiotic [45]. The red
shift in the excitation spectra of di-8-ANEPPS labeled
vesicles showed that bacitracin binding decreases
the membrane dipole potential. With 6-KC enriched
vesicles, the dipole potential decreased at a higher
extent in the presence of bacitracin. The opposite
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effect was observed for phloretin. The variation of the
surface potential over time was also measured using
FPE, upon adding bacitracin to PC vesicles suspension.
Those enriched with 6-KC yielded an increased signal.
All these studies were done to help to interpret the
initial experiment in which FITC-labeled bacitracin
penetrated more deeply in epidermis pretreated with
6-KC-enriched PC vesicles, as visualized by confocal
microscopy. The more efficient binding of bacitracin to
6-KC enriched membranes suggests a new and more
efficient way of delivering this peptide for the treatment
of skin infections.

Although di-8-ANEPPS has been the most used
probe for measuring dipole potential, recently developed
probes based on the 3-hydroxyflavone fluorescent
moiety promise better detection [46]. The probes F4N1
and BPPZ were synthesized and tested for their ability
to sense dipole potential. These probes have the
particularity of undergoing excited-state intramolecular
proton-transfer (ESIPT), yielding two tautomeric forms,
revealed by the presence of two emission peaks in
the fluorescence spectrum. The presence of a nearby
electrical field not only originates a shift in the
absorption and emission bands, but also alters the
intensity ratio of the two emission peaks. These two
types of ratios, using two wavelengths at each side of
the excitation band and using the two emission peaks,
correlated well with the typical excitation ratio used
for di-8-ANEPPS. The fact that emission ratios can be
used facilitates fluorescence microscopy imaging of the
dipole potential in membranes, as for a single excitation
wavelength the emission of the probes can be collected
on two separate detectors at the same time. This is
a very useful approach for visualizing dipole potential
distribution in membranes of living cells [47].

TRANSMEMBRANE POTENTIAL

The last member of the membrane potential club
is the transmembrane potential. As it is the most
well-known and well-studied type of potential, just a
contextualization in this case will be given. In simple
terms, it is defined as the potential difference between
the intra and extracellular aqueous phases (Figure 1).
This is a consequence of the selective nature of the
membrane, that allows the flux of specific charged
solutes (e.g. ions), creating a concentration gradient.
Measuring the transmembrane potential in a con-
text of a peptide-membrane interaction is especially
important for antimicrobial peptides, which usually
form pores or channels in membranes, enabling the
dissipation of an established potential, or for cell-
penetrating peptides, whose mode of action may depend
on this potential [48,49]. In fact, membrane poten-
tial tests are routinely used to assay the membrane
potential alterations that occur when these types of pep-
tides are added to a vesicle or cell suspension. There
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are several fluorescent dyes available for the detec-
tion of transmembrane potential alterations, from slow
response carbocyanines (Dil, DiS, and DiO derivatives)
and oxonols (DiBAC and DiSBAC) to fast response styryl
dyes (ANEP and RH dyes) [50].

The majority of the studies test the ability of a cer-
tain peptide to alter the transmembrane potential in
vesicles or even bacteria, using slow-response dyes.
In vesicles, a transmembrane potential is achieved by
adding valinomycin to vesicles prepared in a KCI buffer
and suspended in NaCl buffer. Some peptides are able
to dissipate the potential [51-53] while others simply do
not [54], depending on the degree of membrane disrup-
tion. Moreover, monitoring transmembrane potential of
bacteria when they are exposed to antimicrobial pep-
tides often reveals membrane depolarization [55-57].

CONCLUDING REMARKS

There is no doubt that when certain peptides have
the ability to interact with membranes they alter some
of their properties, and membranes potentials are no
exception. For the three types of membrane potential,
there are different types of fluorescent dyes capable
of measuring each of them. This is an advantage, as it
permits the establishment of similar protocols, based on
the same concept of fluorescent dye detection, in order
to build a combined study, with readily comparable
results. Such combined studies, involving the different
membrane potentials, permit a wider vision of what is
happening at the membrane level when certain peptides
are present.

Alterations in surface potential sensed by FPE can
reveal the very first electrostatic binding events at
the membrane surface and even peptide insertion or
translocation. Di-8-ANEPPS is the most used probe for
measuring dipole potential and allows the monitoring of
insertion events, as these tend to change the disposition
of the molecular dipoles of membrane phospholipids.
It has the advantage of being sensitive to uncharged
molecules. A study of the effect of transmembrane
potential is important to find out if a more extensive
disruption is made on the membrane by the peptide,
such as pore or channel formation.

These tools, although available for a while, can be
more extensively explored, especially in the context
of invivo environments, in conjunction also with
fluorescence imaging and real-time observation of the
interaction events.
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