
1480 DOI: 10.1021/la104405r Langmuir 2011, 27(4), 1480–1486Published on Web 12/31/2010

pubs.acs.org/Langmuir

© 2010 American Chemical Society

Directed Peptide Assembly at the Lipid-Water Interface Cooperatively

Enhances Membrane Binding and Activity
†

Mingming Ma and Dennis Bong*

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210, United States

Received November 6, 2010. Revised Manuscript Received December 9, 2010

We modified membrane-active peptides with synthetic recognition modules to foster peptide assembly at the
lipid-water interface. The designed recognition strategy has been previously reported: tris-cyanuric acid and tris-
melamine have been found to bind selectively to each another when membrane-anchored. We designed this interaction
to occur between two membrane-active peptides, forming a heteromeric complex at the lipid-water interface that
exhibits superior membrane binding and permeation compared to the monomeric peptides, presumably because of the
higher avidity of the assembled structure. These conjugates do not assemble appreciably in solution but assemble at the
lipid-water interface, with surface binding of the peptide acting cooperatively with molecular recognition to yield
improved binding and permeation. Furthermore, we find that specific recognition between tris-cyanuric acid
phospholipid (TCA-PE) at low surface concentration and tris-melamine magainin (TMM) or hexa-melamine magainin
(HMM) results in highly lytic binding, whereas no binding is detectable in the absence of lipid recognition. These
findings suggest a noncovalent strategy to enhance peptide membrane activity, which may lead to the discovery of more
potent surface-active agents such as antimicrobials.

Introduction

Lipid self-assembly into bilayer membranes is one the earliest
known examples of functional noncovalent chemistry.1 Lipid
membranes not only organize lipid molecules but also provide a
medium in which to further organize and facilitate the chemistry
of “guest” molecules that are imbedded within the membrane or
transiently bound to the surface.2 Biological membranes are very
heterogeneous and so packed with proteins that the line between
“host” and “guest” is indistinct; this heterogeneity potentially
disconnects synthetic model membrane systems from living
membranes.3 Concepts that are general to both synthetic mem-
branes and biomembranes include surface-binding avidity
through multivalency and surface-partitioning driven by electro-
statics and hydrophobic insertion.4 A broad class of cationic
antimicrobial peptides play a key role in innate immunity and
bind to membranes on the basis of these simple physical princi-
ples, without specific molecular recognition between a peptide
and a surface.5-7 Electrostatically targeted cationic antimicrobial
peptides have attracted considerable attention as a potential
strategy to circumvent the emergence of antibiotic resistance
through the use of a nonspecific targeting method.8,9 This has
led to many synthetic mimics designed to improve potency
by limiting enzymatic peptide digestion through the use of

non-native structures, including beta peptides,10-13 peptoids,14-17

polymers,18-21 and small molecules.22,23 These approaches have
led to an apparent potency ceiling,24 despite improvements
observed in proteolytic stability. Indeed, the potency of native
antimicrobials limits the majority of these reagents to topical
use.25 Natural product antimicrobial peptides that hold excep-
tional potency include daptomycin9,26,27 and nisin;28 daptomycin
is currently a marketed antibiotic. These peptides are distin-
guished not only by their nanomolar potency but also by their
specific lipid-binding interactions: most antimicrobials bind elec-
trostatically and exhibit micromolar potency. It is thought
that antimicrobial activity derives from the disruption of mem-
brane integrity, which requires peptide aggregation within the
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membrane. With electrostatic binding, high concentration is
required todrive aggregationwithin themembrane;29 it is possible
that specific lipid-binding interactions decrease the threshold for
assembly (activity) within the membrane, thereby increasing
potency.

We explored this idea by the installation of recognition motifs
on antimicrobial peptide magainin and probed whether a system
predisposed to assembly either through peptide-peptide interac-
tions or peptide-lipid interactions would yield improved mem-
brane activity (Scheme 1). Our prior work indicated that
molecular recognition between membrane-anchored cyanuric
acid and melamine groups was robust and selective at the lipid-
water interface,30,31 despite exposure to a competitive aqueous
solvent.32 Furthermore, selective binding interactions at the
membrane were observed between appropriately functionalized
peptides and lipids even at surface concentrations of 0.1-1%.
Though the size of the assemblies formedprecluded facile detailed
characterization, the selectivity of the pairwise interaction between
cyanuric acid and melamine is consistent with specific hydrogen
bond pattern recognition established in organic solvents and the

solid state (Figure 1).33-43 There are few synthetic recognition
motifs compatible with aqueous solvents,44-47 thus we employed
cyanuric acid/melamine binding in our study of peptide assembly
and activity at the lipid-water interface; a number of recognition
motifs at the lipid-water interface have been explored by us and
others.47-53 We synthesized magainin peptide variants conjugated
to tris- andhexa-cyanuric acid (TCAMandHCAM) aswell as tris-
and hexa-melamine (TMM and HMM) modules (Figure 2) and
studied their membrane activity in isolation and in concert.
Magainins are natural antimicrobial peptides extracted from frog
skin.8,54 We chose magainin to model noncovalently guided
peptide-membrane interactions because magainin membrane
binding has been extensively studied and its mode of interaction
with synthetic membranes is largely understood;29,55-59 thus one
may clearly observe the influence of molecular recognition on its
known behavior. Cationic at physiological pH, random coil
magainin peptides selectively bind lipid membranes with high
negative zeta potentials, insert into the membrane, and fold into
an R helix. The mechanism of lipid membrane destruction by
magainin is described by a toroidal-poremodel.60 It is thought that
when the concentration ofmagainin on the lipidmembrane reaches
a threshold, several magainin molecules will aggregate and form a
transient ion channel. We covalently attached CA/M recognition
motifs to magainin peptides and found that these new conjugates
can bind lipid membranes with a low negative zeta potential in a
cooperative manner that requires both partners as well as the
membrane.We additionally find that the direct CA/M recognition
between peptide and lipid results in similar increases in peptide
membrane activity.

Experimental Section

Vesicle Preparation. Large unilamellar vesicles (LUVs) were
prepared by the buffer hydration of dried lipid films followed by
extrusion.61,62 Dye-encapsulating LUVs were prepared by the
hydration of filmswith 50mMsodiumphosphate buffer at pH6.8
containing calcein or carboxyfluorescein dye at the desired con-
centration of 51mM. Carboxyfluorescein-containing LUVs were
prepared at pH 7.4. Hydrated lipid suspensions were extruded

Figure 1. Illustrationof hydrogenbonding patterns observedwith
derivatives of cyanuric acid (top left) andmelamine (bottom left) in
organic solvents and the solid state.

Scheme 1. Recognition-Assisted Membrane Binding
a

a (A) Two peptides bind to each other in the presence of the mem-
brane, enhancing partitioning. (B) Specific lipid recognition by a peptide
similarly enhances insertion into the membrane.
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10 times through a 100 nmpolycarbonate filter. Nonencapsulated
dye was removed by gel filtration using a Sephadex G-50 column
equilibratedwith PBSbuffer (50mMsodiumphosphate, 120mM
sodium chloride) at pH 6.8 for calcein and pH 7.4 for carboxy-
fluorescein. The size and zeta potential of the vesicles were
measured on a Malvern Instruments zetasizer nano-zs at 25 �C.
Dye Release Assay of Membrane Activity. All measure-

ments were carried out at 25 �C unless otherwise specified. Stock
solutions of calcein or Cbf-loaded LUVs with a lipid composition
of 10/90 POPG/ePC or 2/98 TCA-PE/ePC were diluted with PBS
buffer (50 mM sodium phosphate, 120 mM sodium chloride, pH
6.8 for calcein, pH 7.4 for carboxyfluorescein) to a 50 μM lipid
concentration and a 2 mL volume in a 3 mL fluorescence quartz
cuvette. Dye emission (519 nm) was monitored using a Perkin-
Elmer LS-50B fluorimeter (excitation 495 nm with a 515 nm
cutoff filter). The fluorescence of total dye release (Ftotal) was
established by vesicle lysis with 100 μL of 10%TritonX-100. The
dye release percentage was defined as (Ft- Fi)/(Ftotal- Fi), where
Ft is the fluorescence intensity of the sample at different time
points and Fi is the fluorescence intensity immediately after
peptide addition.

Calculation of Peptide-Membrane Partitioning Coeffi-

cients.Titration curves for the calculation of peptide-membrane
partitioning coefficients63 were obtained by the treatment of
peptide solutions (110 μL volume, 5 μM) with LUVs (1 mM 10/
90 POPG/ePC) while monitoring tryptophan fluorescence emis-
sion from 290 to 400 nm (excitation 275 nm, cutoff filter 290 nm).
The ratio of peak intensity for bound and unbound (315 nm/355
nm) was plotted as a function of the lipid/peptide ratio (L/P) and
the curve was fitted to determine the convergence value at infinite
L/P, which was taken as the saturation point. Emission ratios
were converted to fractional binding and surface concentration,
Xb. An approximation of the partitioning coefficient Kp that
ignores changing surface charge during the titrationwas obtained
by a linear fit of Xb against the free peptide concentration; this

approximation appears to be appropriate given the low surface
potential (10% POPG) and roughly linear Xb/Cp,free plot.

Circular Dichroism. Circular dichroism (CD) spectra of
peptide/vesicle binding were determined using a Jasco J-815
spectrometer under a nitrogen atmosphere over the range of
195-260 nm at 25 �C. Typically, 0.25 mL of a 15 μM peptide
solution in PBS at pH6.8was placed in a 1mmquartz cuvette and
titrated with a 10 mM LUV suspension (10/90 POPG/ePC).

Results and Discussion

Design and Synthesis. Magainin sequences are easily ac-
cessed by solid-phase peptide synthesis. We prepared known
variants of the nativemagainin 2 sequence wherein phenylalanine
is replaced with tryptophan; this F f W variant (MG-12W)64

retains activity and has a convenient indole functional group that
facilitates concentration determination and the measurement of
membrane binding. Variant MG-12W was further modified by
the replacement of asparagine with cysteine to permit the selective
sulfhydryl side-chain reaction of the unprotected, purified ma-
gainin variant in solution while preserving the free N terminus
found in nativemagainin sequences. This magainin variant (MG-
22C) was used to generate the peptides in this study (Figure 2).
The cysteine sulfhydryl was alkylatedwith hexa- and tris-cyanuric
acid and melamine chloroacetyl derivatives, prepared using
straightforward synthesis procedures (Supporting Information).
Tris-cyanuric acid (TCA) and melamine (TM) modules were
derived from tris buffer, and hexa-cyanuric acid (HCA) and
-melamine (HM) modules were synthesized by the side-chain
derivatization of hexa-peptides. Diaminopropionic acid was used
as an anionic linker between peptide and TCA and TMmodules
to circumvent solubility problems encountered with neutral
linkers. Because this alters the overall peptide charge, a magainin

Figure 2. Magainin variant peptides synthesized for this study. All peptides have a freeN terminus and C-terminal amide. Cysteine variant
MG-22C was derivatized further at the cysteine side chain to produce the variants shown. The cyanuric acid lipid (TCA-PE) was used to
anchor TMM and HMM peptides to the membrane by CA/M recognition.
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variant, MG(-), was prepared as an electrostatically identical
control inwhich the cysteine side chain was alkylatedwith chloro-
acetic acid. Additionally, air oxidation in basic buffer yielded the
disulfide covalent dimer (MG-SS), which was used to compare to
noncovalent peptide assemblies at the membrane. Increased
antimicrobial potency has been observed with disulfide dimer64

MG-SS relative to monomeric magainin, underscoring the im-
portance of the peptide oligomerization state in membrane acti-
vity. We additionally studied TMM or HMM peptide binding to
tris-cyanuric acid-functionalized lipid TCA-PE. Binding between
peptides and lipids functionalized with cyanuric acid and mela-
mine has been previously established,30 but we provide herein a
more quantitative analysis of the process.
Cooperative Peptide Membrane Binding and CA/M Re-

cognition.Themembrane binding ofmagainin peptides is largely
dependent on complementary electrostatic interactions between a
cationic peptide and an anionic surface, with partitioning equili-
bria increasingwithmore negative surface potentials.We chose to
study the binding of magainin variants with membranes com-
posed of 90% egg phosphatidyl choline (ePC) lipid and 10%
phosphatidylglycerol (POPG), which bears a negative charge
because of the phosphate headgroup. At 10% negative charge,
magainin binding ismarginal; the controlmagainin sequencewith
an additional carboxylate, MG(-), is even weaker. An examina-
tion of TCAM, TMM, and their 1:1 mixture by CD indicated
random coil sequences in solution. The addition of 10% POPG
LUVs to the peptide samples produced minor changes in the CD
spectra of the individual peptides, whereas themixture showed the

significant development of helicity (Figure 3). It appears that both
peptides and a hospitable membrane, are required for helical
folding, suggestive of peptide assembly at the membrane. We
further monitored changes in tryptophan fluorescence upon
treatment with 10% POPG/ePC vesicles. Upon membrane parti-
tioning, it is known that the MG-12W sequence will fold into a
helix and bury its hydrophobic face into the lipid matrix, causing
a blue shift in Trp fluorescence. This fluorescence assay for
membrane binding proved more sensitive than CD. Significantly
stronger changes in Trp fluorescence were exhibited by the 1:1
mixture of TCAM/TMM than the individual peptides at equi-
molar total peptide concentration. Presumably, this is because of
molecular recognition between the cyanuric acid and melamine
groups. The fluorescence data further indicated the presence of a
blue-shifted emission band for the mixture even in the absence
of lipid (Figure 3). Thus, it is possible that there is an unstruc-
tured heteromeric molten globule state of the two peptides that
buries the indole fluorophore without helical CD signatures.
Whereas the tryptophan emission intensity varied for all of the
magainin variants, generally one could observe that MG(-),
TCAM, TMM, HCAM, and HMM exhibit the expected single
emission peak at ∼355 nm and the spectra of MG-12W, the 1:1
mixture of TCAM/TMM,and disulfide dimerMG-SS all feature an
additional blue-shifted shoulder at 315 nm. In the case of disulfide
MG-SS, the emission intensity at 315 nm is equal to that found at
355 nm (Figure 4), indicative of substantive solvent exclusion from
the tryptophan site and consistent with self-aggregation or intra-
molecular burial. Treatmentwith vesicles yields a continued increase

Figure 3. Circular dichroism spectra of TCAM (---), TMM (;;), and the equimolar mixture TCAM/TMM (;) in (A) PBS at pH 7.4 and
(B) in the same buffer, with 10% POPG/ePC vesicles, at a lipid/peptide ratio of 100:1. Tryptophan fluorescence of the same is shown (C)
without lipid and (D) at a lipid/peptide ratio of 100:1.
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in emission intensity at 315 nm, suggesting thatmembrane partition-
ing is favored relative to peptide folding or aggregation. However,
significant peak broadening was also observed, leading to increased
emission at 355 nm as well, making it difficult to assay binding.
Tryptophan fluorescence of the remaining peptides was not proble-
matic, permitting a quantitative analysis of surface partitioning.
Calculation of Peptide-Membrane Partitioning Coeffi-

cients.We followed the binding of MG(-), TCAM, TMM, and
the mixture of TCAM/TMM to 10% POPG/ePC vesicles by the
observation of tryptophan fluorescence as a function of lipid
concentration. Isolated peptides MG(-), TCAM, and TMM
bound weakly to vesicles under these conditions, and it was not
possible to approach signal saturation change even at high lipid-
to-peptide ratios, prohibiting fitting of the data (Figure 5). In
contrast, the 1:1 mixture of TCAM/TMM at the same total
peptide concentration partitioned readily into membranes with
Kp ∼104 M-1. Though this cannot be compared to isolated
peptides TCAM, TMM, and electrostatically similar control
peptide MG(-) because they do not bind strongly enough to
permit the calculation of a partitioning coefficient, membrane
binding of the TCAM/TMM mixture is nearly an order of
magnitude greater than that of MG-12W (Kp = 1052 M-1),
which has an additional positive charge to drive electrostatic
binding. Again, this is indicative of cooperative peptide-surface
partitioning andmolecular recognition between theTCAandTM
modules. Nonlinearity in the electrostatically driven binding plot
was expected because of the loss of surface potential as the
titration experiment progressed. However, the low surface poten-
tial of the 10% POPG membrane limited this effect, resulting in
relatively linear binding plots for the isolated peptides and
moderate nonlinearity at low free-peptide concentrations of the
TCAM/TMM mixture (Figure 5C).Thus, fitting the whole data
set or just the low free-peptide regime yielded similar partitioning
coefficients for the mixture, from 10000 to 26000 M-1, is still a
marked enhancement over 1052 M-1 for MG-12W, which lacks
any directed assembly motifs such as the TCA and TMmodules.
The magainin variants bearing six cyanuric acid and melamine
recognition motifs (HCA and HMM, respectively) exhibited
strong interactions with each other, even in solution, rendering
the membrane-binding experiment impossible because of precip-
itation upon peptide mixing in any context, whether the lipid
vesicles were present or not. However, it was possible to examine
the binding between the lipid-anchored TCA module (TCA-PE)
and both TMM and HMM. Whereas the surface binding of the
isolated TMM and HMM peptides to low potential membranes

(2 and 10% POPG/ePC) was weak, binding to vesicles with 2%
TCA-PE/ePC was robust and comparable to binding observed
with the TCAM/TMM mixture to 10% POPG/ePC (Table 1).
The calculated partitioning coefficients for TMM and HMM to
2% TCA-PE/ePC membranes are ∼6000 and 3000 M-1, respec-
tively. Electrostatic peptide binding is not detectable at 2%
surface charge; thus the initial steps of peptide insertion into the
membrane are driven mostly by molecular recognition between
cyanuric acid and melamine binding between lipid and peptide.
All of the peptide systems in Table 1 exhibit surface saturation
with an increasing lipid-to-peptide ratio; however, the selective
nature of TMM and HMM binding to TCA-PE membranes is
best observed by plotting fractional peptide binding as a function
of the TCA-PE/peptide mole ratio (Figure 5D). Interestingly,
whereas TMM binding appears to saturate at a TCA-PE/TMM
ratio 2, HMM binding saturates at a TCA-PE/HMM ratio 4.
Under these conditions amajority of the peptide is surface-bound.
A 2:1 binding stoichiometry for TCA-PE/TMM is reasonable if
there is a random distribution of the TCA-PE lipid between the
inner and outer monolayers of the lipid vesicles; thus only half of
the total TCA-PE in the system is available for 1:1 binding with
TMM. The 4:1 stoichiometry of TCA-PE and HMM is similarly
consistent with only half the total TCA-PE being available on the
outer monolayer and further suggests a 2:1 binding between the
TCA module and the HMM peptide, as opposed to the 1:1
binding between TCA and TMmodules. This is what one would
expect if the 1:1 cyanuric acid to melamine binding ratio is
maintained, and indeed this appears to be the case. Therefore,
despite the drastically different scaffolds used to present cyanuric
acid and melamine in the binding of TCA-PE with HMM
(Figure 2), a selective binding interaction occurs that preserves
the 1:1 binding stoichiometry dictated by the CA/M hydrogen
bonding patterns. Further implied in these data is that pepti-
de-surface binding is not accompanied by membrane transloca-
tion of the peptide or transmembrane lipid flipping, which should
lead to 1:1 binding stoichiometry in all binding experiments.
Membrane Permeation Triggered by Peptide-Peptide

and Peptide-Lipid CA/M Recognition. Cooperative binding
at the interface translates into enhanced function as well. When
assayed for membrane permeation using a calcein release experi-
ment, the 1:1 mixture of TCAM/TMM again displayed greatly
enhanced lytic behavior as compared to equimolar treatments
with the isolated peptides (Figure 6). The peptide-mediated
release of encapsulated dye from 10% POPG vesicles was dose-
dependent for all peptides; interestingly, magainin disulfide

Figure 4. Tryptophan fluorescence spectra inPBS at pH7.4 of (A)MG(-) ()), TCAM(O), TMM(4), andHMM(0) and (B)MG-12W()),
a TCAM/TMM (O) mixture, and MG-SS (4).
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homodimer MG-SS displays similar activity at a third of the
concentration of the TCAM/TMMmixture. This is expected for
two reasons: (1) the noncovalent recognition between TCA and
TM modules does not approach that of a covalent bond, so the
benefits of preassembly should be far greater for the disulfide-
linked dimer and (2) MG-SS is more positively charged than the
TMM and TCAM variants so surface binding is inherently
superior. Though the membrane aggregation state of the both
covalent (MG-SS) and noncovalent (TCAM/TMM) systems in
the membrane is unknown, the functional similarity of the two
systems is suggestive of a low oligomerization state mediated by
peptide-peptide interactions. We expect extensive TCA/TMM
noncovalent polymerization at the surface to result in greater
membrane activity than for dimer MG-SS.

Prior studies indicated that the tris-melamine magainin con-
jugate (TMM) can act as a fusion catalyst51,52 tomerge negatively
charged vesicles with those displaying TCA-phospholipid (TCA-
PE).30 We examined the functional binding of TMM with TCA-

PE and found that the cyanuric acid/melamine interaction is
sufficiently robust to drive the lytic insertion of the cationic
magainin peptide into membranes with nearly neutral surface
potential. In contrast to the binding analysis ofTMMorHMMto
TCA-PE membranes, the dependence of dye release on the TCA-
PE lipid-to-peptide ratio reveals no functional saturation beha-
vior at the 2:1 or 4:1 ratios observed in the binding curves for
TMM and HMM, respectively (Figure 5). In fact, maximal
membrane permeation is observed only when excess TMM or
HMM to TCA-PE is used (Figure 6). This puzzling result
becomes more meaningful upon consideration of the partitioning
coefficients Kp of ∼6000 and 3000 M-1 for TMM and HMM
(Table 1), respectively, and the total lipid concentration of 50μM.
The ratio of surface-bound peptide to free peptide in solution is
given by the relationship

Kp ¼ CB=CL

Cp, free

Because CLKp=CB/Cp,free, the expected ratios of bound peptide
to solution-phase peptide are 0.3 and 0.15 for TMM and HMM,
respectively. Therefore, under these experimental conditions, the
majority of peptide is in solution, and only one-sixth to one-third
of the total peptide concentration is calculated to be surface-
bound, obscuring the lytic effect of surface-saturated peptide
binding. Increasing lipid concentration results in a loss of the

Table 1. Peptide-Membrane Partitioning Coefficients

peptide(s) membrane Kp (M
-1)

MG-12W 10% POPG/ePC 1052
HMM 2% TCA-PE/ePC 3273
TMM 2% TCA-PE/ePC 6199
TCAM/TMM 10% POPG/ePC 9245

Figure 5. Peptide-membranepartitioninganalysesbasedon tryptophanemission ratios at 315and355nm. (A) PeptidesTMM(b),TCAM(2),
andMG(-) (9) bound to 10%POPG/ePC vesicles without approaching surface saturationwhereas (B) peptidemixture TCAM/TMM(O) and
MG-12W ()) displayed surface-saturating signals to the same membrane; peptides TMM (0) and HMM (4) also displayed surface saturation
when binding to 2% TCA-PE/ePc vesicles. (C) Surface concentration (Xb) of TCAM/TMM (O), MG-12W ()), TMM (0), and HMM (4)
partitioning to vesicles described in panel B as a function of solution peptide concentration; the slope indicates the partitioning coefficient, Kp.
(D) Fractional surface binding of TMM (O) and HMM (0) to 2% TCA-PE/ePc vesicles as a function of the TCA-PE/peptide ratio with
approximate saturation ratios for TMM and HMM indicated at mole ratios of 2 and 4.
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signal-to-noise ratio for dye release, preventing observation under
surface-saturating peptide binding. However, it is clear that
molecular recognition between cyanuric acid and melamine
modules can enhance both membrane binding and permeation.

Conclusions

We have demonstrated herein that designed molecular
recognition between cyanuric acid and melamine modules
enhances both binding and permeation of magainin peptide
derivatives. Magainin binding to membranes is directed by
complementary electrostatic interactions between peptide and
surface. These systems were investigated at the lowest possible
surface charge to permit a clear observation of the effects of
designed peptide recognition between pendant CA/M groups.
Indeed, under these conditions, enhanced binding and func-

tionality was observed only when both recognition groups
and the membrane were present. Notably, the self-assembling
magainin peptide systems exhibited weaker but comparable
permeation activity with respect to that of covalently dimerized
peptide MG-SS, suggesting that designed noncovalent inter-
actions may be a reasonable avenue to pursue in the develop-
ment of new surface-active agents.
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Figure 6. Percent calcein dequenching release from 10% POPG/ePC vesicles (total lipid concentration of 50 μM) upon treatment with
TCAM/TMM (b), MG-12W (---), TMM (0), and TCAM (4) at (A) 1 μM and (B) 3 μM total peptide concentrations. Release effected by
0.5 μMMG-SS disulfide (1 μMpeptide anchor) (O) is shown in panel B aswell. (C) Percent carboxyfluorescein dequenching release from2%
TCA-PE/ePCvesicles or 2%POPG/ePCvesicles effected bymagainin variants as indicated. (D)Dequenching dye release from2%TCA-PE/
ePC vesicles as a function of the peptide/TCA-PE mole ratio where the peptide is TMM (O) or HMM (0).


