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Abstract
Triblock copolymers, such as Pluronic F127 (F127), are pharmaceutically important amphiphilic compounds that self-assemble
in aqueous solution either as discrete or entangled micelles, depending on their concentration and temperature, which may
function as drug delivery vehicle. Herein, we have synthesized the antimicrobial peptide tritrpticin (TRP3), a tryptophan
(Trp)- and arginine (Arg)-rich peptide, sequence VRRFPWWWPFLRR, with a broad spectrum of action against bacteria and
fungi, to investigate its interaction with F127 in dilute aqueous solution, by using fluorescence and circular dichroism spectros-
copies, differential scanning calorimetry, dynamic light scattering, and zeta potential methods. The combined results indicate that
at 50 μmol L−1 TRP3 and up to 700 μmol L−1 F127, these compounds interact together to form F127-bound complexes with the
peptide at low concentrations, and immobilized TPR3-containing micelle-like structures at higher concentrations. The F127-
TRP3 complexes are stable with varying hydrodynamic size depending on the relative amount of F127, which can be tuned
smaller by adjusting the copolymer concentration to values suitable for drug delivery applications in biomedicine.
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Introduction

The issue of microbial resistance is a growing problem in the
modern society [1]. Antimicrobial peptides from animal and
vegetal sources are potential candidates as novel antibacterial,
antifungal, and even as antiviral and antitumor agents [1–3].
Particularly interesting are the Trp- and Arg-rich antimicrobial
peptides [4, 5]. In special, the cationic 13-residue peptide

tritrpticin (TRP3), sequence VRRFPWWWPFLRR, is a
cathelicidin with high Arg (30%), Trp (23%), and Pro (15%)
content. The high Arg and Trp content, together with the
existing three consecutive Trp residues (W6,W7,W8), make
this peptide a singular cationic amphiphilic biomolecule
[4–6]. TRP3 has high antimicrobial activity acting against
both Gram-negative and Gram-positive bacteria, and some
fungi [7–9]. In solution, TRP3 interconverts between different
conformations, but in the presence of sodium dodecyl sulfate
(SDS) micelles, it acquires a conformation with two adjacent
turns around Pro5 and Pro9 [10]. Such a positioning of the
amino acid residues causes TRP3 to adopt an amphipathic
turn-turn structure, with the three Trp clustered together and
buried in the hydrophobic core of the micelles and the Arg
residues on the opposite side of the structure [10]. The mech-
anism of action of TRP3 has been investigated in micelles [11,
12] and in lipid membranes and liposomes [13–15]; particu-
larly in planar lipid bilayers, TRP3 was found to have a prom-
inent and consistent ion channel-like activity [16]. Moreover,
head group specificity for TRP3 interaction with lipid mem-
branes [17] and the effect of membrane curvature on binding
of TRP3 has been investigated [18]. Pre-clinical application of
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native TRP3 has been done [9], and a potential clinical use
through the improvement of the peptide’s membrane selectiv-
ity through re-design has been performed [19]. Tritrpticin also
displayed the ability to adsorb on solid and liquid surfaces,
and the adsorption process was controlled by ion-specific ac-
tion making it a potential candidate for the design of nano-
structured biointerfaces [20].

Another important issue is how to deliver a drug by mini-
mizing its enzymatic degradation, reducing its deleterious ac-
tion due to excessive amount of the bioactive agent, typically
when administering drugs parenterally, and improving the
general therapeutic index, to maximizing the benefits to the
patient. An interesting methodology to improve drug admin-
istration is the use of delivery vehicles. The triblock copoly-
mer Pluronic F127 (F127) has been used for this purpose [21].
F127 is a nonionic symmetric amphiphile formed by two hy-
drophilic poly(ethylene oxide) (EO)97 sequences bound cova-
lently to the terminals of a hydrophobic poly(propylene oxide)
(PO)69 sequence , d i sp lay ing a l inea r s t ruc tu re
(EO)97-(PO)69-(EO)97. These copolymers self-assemble into
polymeric micelles containing a PO hydrophobic core
surrounded by an EO corona facing the water moiety, where
small drugs can be solubilized in [21, 22] or, alternatively, the
drug can be conjugated to the micelle-forming polymer [23].
In water, at higher concentrations or temperature, F127 can
also assemble as a thermo-reversible gel [24]. This property
allows the copolymer to be used as a delivery vehicle for most
administrative routes [21, 25–29].

In this work, it was aimed to acquire an insight of the
interaction between the peptide TRP3 and F127 in aqueous
buffered solution by employing fluorescence spectroscopy,
circular dichroism spectroscopy, differential scanning calo-
rimetry, dynamic light scattering, and zeta potential
techniques.

Materials and methods

Materials

Pluronic F127, citric acid, monobasic potassium phosphate,
boric acid, and acrylamide were acquired from Sigma-Aldrich
Co. (St. Louis, USA). Milli-Q water (resistivity 18.2 MΩ cm)
was used throughout. All reagents were analytical grade.

Peptide synthesis

Tritrpticin was synthesized manually according to the stan-
dard Nα-Fmoc protecting-group strategy [30]. The side-
chain protecting group Boc (t-butoxycarbonyl) was used for
the amino acid W, and (2 ,2 ,4 ,6 ,7-pentamethyl -
dihydrobenzofuran-5-sulfonyl) (Pbf) was used for the amino
acid R. The Fmoc-Arg-(Pmc)-Wang resin, which provides a

peptide carboxylic acid after cleavage, was employed. The
successive α-amino group deprotection and neutralization
steps were performed in 20% piperidine/dimethylformamide
(DMF) for 20 min. The amino acids were coupled at twofold
excess us ing di isopropylcarbodi imide (DIC)/N-
hydroxybenzotriazole (HOBt) in 50% (v/v) DCM (methylene
chloride)/DMF and, if necessary, 2-(1H-benzotriazole-1-yil)-
1,1,3,3-tetramethyluroniumhexafluorophosphate (TBTU)/
HOBt/diisopropylethyl-amine (DIEA) in 50% (v/v) DCM/N-
methylpyrrolidone (NMP). After a 2-h coupling, the ninhy-
drin test was performed to estimate the completeness of the
reaction. Cleavage from the resin and removal of the side-
chain protecting groups were simultaneously performed with
reagent K (82.5% TFA, 5% thioanisole, 2.5% ethanedithiol,
and 5% water) for 2 h [31]. After this procedure, the crude
peptides were precipitated with anhydrous ethyl ether, sepa-
rated from soluble non-peptide material by centrifugation, ex-
tracted into 0.045% (v/v) TFA/H2O (solvent A), and
lyophilized.

The crude peptides were dissolved in solvent A and puri-
fied by semi-preparative HPLC on a Shimadzu system (Japan)
using a reverse phase C18 column with a linear gradient 20–
50% of solvent B (0.036% (v/v) TFA/acetonitrile) for 90 min.
The flow rate was 5 mL/min. UV detection was carried out at
220 nm. The peptide homogeneity was checked by analytical
HPLC (Varian, USA), using solvents A and B with a linear
gradient of 5–95% (v/v) of solvent B for 30 min, at a flow rate
of 1.5 mL/min and UV detection at 220 nm. The identity of
the peptide was confirmed by electrospray mass spectrometry
on a ZMDmodel apparatus (Micromass, UK) and amino acid
analysis (Shimadzu model LC-10A/C-47A, Japan).

Sample preparation

F127 and TRP3 peptide solution were prepared in 5 mmol L−1

phosphate-borate-citrate (PBC) buffer pH 7.4, at concentra-
tions suitable for each experiment.

Fluorescence spectroscopy

Fluorescence measurements were done using a Shimadzu
spectrofluorometer, model RF-5301PC. It was used as a cu-
vette with an optical path length of 0.2 cm. Excitation and
emission slits of 3 nm were used. Intrinsic Trp fluorescence
of TRP3 was measured before and after the addition of F127
to a fixed peptide concentration. The TRP3-F127 interaction
was supported by changes in the accessibility of the peptide to
the aqueous quencher acrylamide on the addition of F127. The
experiments were carried out by adding aliquots of a concen-
trated (2 mol L−1) acrylamide solution to the peptide solution
(400 μL) in the absence and in the presence of F127. For the
titration, it was added with 1–2.5 μL acrylamide aliquots. The
excitation wavelength was 280 nm, and the fluorescence
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intensities were monitored after each addition of acrylamide.
For the anisotropy measurements, the excitation wavelength
was also 280 nm and two polarizers were used to polarize the
emission and the excitation light. All fluorescence experi-
ments were carried out at 25 °C.

Circular dichroism

Circular dichroism (CD) spectra were obtained using a spec-
tropolarimeter JASCO, model J-815, coupled to a Peltier tem-
perature control system, model PFD-425S. The spectra were
obtained by performing six scans at 25 °C, in the wavelength
range 190–250 nm, and using a quartz cuvette. The CD spec-
tra were obtained for the TRP3 solution at 20 μmol L−1 in the
absence and in the presence of F127 at different concentra-
tions in 5 mmol L−1 PBC buffer, pH 7.4.

Differential scanning calorimetry

Differential scanning calorimetry (DSC) measurements were
done for different concentrations of F127 in the absence and in
the presence of TRP3 at 50 μmol L−1. AVP-DSC microcalo-
rimeter (Microcal Inc., Northampton, MA, USA) was used to
collect data, and the Origin® software 7.0 supplied by the
manufacturer was used to record and to analyze the data.
The experiments were performed by heating and cooling the
same volume of the sample and the reference (solvent) at the
desired rate scan in the temperature range 1–80 °C. During the
heating or cooling procedures, the instrument adds or removes
heat to or from the sample or reference to keep them at the
same temperature. The added or removed heat was displayed
as a function of the temperature (thermogram).

Dynamic light scattering

Dynamic light scattering (DLS) measurements were per-
formed using a light scattering setup (Brookhaven
Instruments Corporation, Holtsville, USA), equipped with
an adjustable 15-mW maximum power He-Ne laser (wave-
length 633 nm), to obtain the hydrodynamic diameter (DH) of
F127 aggregates at varying concentrations in the absence and
in the presence of the TRP3 at 50 μmol L−1. The data were
collected at the scattering angle θ = 90° and temperature of
25 °C. From the translational diffusion coefficients, the hydro-
dynamic diameter was obtained through the well-known
Stokes–Einstein relation [32].

Zeta potential measurements

The zeta potentials (ζ) of the F127-containing systems at dif-
ferent concentrations in the absence and in the presence of the
TRP3 at 50 μmol L−1 were measured using a dynamic elec-
trophoretic light scattering equipment (ZetaPals, Brookhaven

Instruments Corporation, Holtsville, USA) equipped with a
632.8-nm He-Ne laser operating at 35 mW. During the scat-
tering measurements, a 6.46-V cm−1 electric field was applied
to the sample and the electrophorectic mobility determined.
The zeta potential was then calculated within the Helmholtz–
Smoluchowski approach [33].

Results and discussion

The F127-TRP3 interaction was investigated by fluorescence
and circular dichroism spectroscopies, differential scanning
calorimetry, and dynamic light scattering and electrophoretic
dynamic light scattering techniques. The data are presented
and discussed next.

Fluorescence spectroscopy characterization

Figure 1a shows a small increase of TRP3’s fluorescence in-
tensity for the lower F127 concentrations and more pro-
nounced increase at higher Pluronic concentrations. In addi-
tion, there is a decrease of the of maximum emission wave-
length values, indicating blue shift effects, thus showing the
partition of TRP3 to a more hydrophobic environment. These
data together indicate interaction of the peptide with the poly-
meric aggregates.

Figure 1b shows the peptide’s relative fluorescence inten-
sity (F/Fo) as a function of the F127 concentration, where Fo
and F account, respectively, for the fluorescence intensity in
the absence and presence of F127. Accordingly, if the increase
of an F127 concentration is beyond ca 250 μmol L−1, there is
a pronounced increase in fluorescence until a plateau was
attained past ca 500 μmol L−1, which can be ascribed to the
critical micellar concentration (CMC) for the F127, at the
experiment temperature 25 °C. There are, however, conflict-
ing CMC values for F127 reported in the literature obtained
through different methods, solvent and temperature condi-
tions, as well as different manufacturers and batch [34]. This
may be probably due to the degree of purity of the product
supplied by different manufacturers. Fluorescence spectrosco-
py studies have shown that the CMC of F127 depends on the
temperature. For example, at 30 and 35 °C, CMC equals
2.23 × 10−5 and 1.03 × 10−5 mol kg−1, respectively [34].
Overall, the temperature, above which F127 micelles are
formed, displays an inverse dependence on the F127
(logarithmic) composition, as demonstrated by Lin and
Alexandridis [35].

It was then investigated the accessibility of the Trp
fluorophores of TRP3 to the acrylamide added to the buffered
solution by fluorescence quenching tests performed in the
presence of F127, as illustrated in Fig. 2, which shows that
the quencher effects increase with increasing the amount of
added acrylamide. The Stern-Volmer constant (Ksv) was
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calculated from the F0/F data and expressed as a function of an
acrylamide concentration (Fig. 3); here, F0 and F are respec-
tively the fluorescence intensities in the absence and in the
presence of the quencher [36, 37]. The Ksv values obtained
for TRP3 were 4.2 and 1.3 M−1 in the absence and in the
presence of the F127, respectively. The higher value of KSV

shows that there was greater suppression of the peptide fluo-
rescence in the absence than in the presence of F127, indicat-
ing that the peptide interacts with F127, most probably being
solubilized in the inner core of the polymeric aggregates rich
in PO. These KSV values give information about accessibility
of the suppressor to the fluorescence molecule; the lower the
Ksv value, the lower the accessibility of the quencher.
Therefore, Ksv = 1.3 M−1 indicates that the Trp residues is
being protected from suppression by the interaction of TRP3
with the F127 molecular clusters.

Fluorescence anisotropy (r) tests were performed here to
confirm the peptide interaction with F127 aggregates. This
technique supplies information mainly about the rigidity of
molecular environments. When tritrpticin is in aqueous solu-
tion, r = 0.01877, while in the presence of F127, r = 0.04498.
Since r is related to the rotational diffusion motion of the
fluorescence probe, in solution, r approaches zero, while in
the presence of F127, r is larger indicating that the peptide is in
a denser medium, thus confirming the fluorescence intensity
data (Fig. 2), which indicate that TRP3 is less flexible due to
the interaction with F127 in the copolymer assembly.

Our results are in line with those for tritrpticin in sodium
dodecyl sulfate micelles [10], which displayed similar fluores-
cence effects with a blue shift displacement and an increase of

Fig. 3 Relative fluorescence of TRP3 at 20 μmol L−1 in solution (black)
and in the presence of F127 at 350 μmol L−1 (red), as a function of the
acrylamide concentration. Sample temperature was 25 °C. The lines
connecting the points are guides for the eye

Fig. 2 Fluorescence spectra of TRP3 at 20 μmol L−1 mixed with F127 at
350 μmol L−1 in the presence of acrylamide. [Acrylamide] = 0, 4.7, 9.4,
14.0, 18.7, 23.3, 27.9, 32.5, 37.0, 41.6, 46.1, 55.0, 63.9, 81.4, and
90.0 mmol L−1. Sample temperature was 25 °C

Fig. 1 a Effect of an F127 concentration on the fluorescence spectra of
TRP3. b Relative fluorescence (F/F0) of TRP3 at 20 μmol L−1 in the
presence of varying F127. TRP3, buffer PBC 5 mmol L−1, pH 7.4, λexc
280 nm, slit 3 nm, and sample temperature 25 °C. The dashed line
connecting the points in the Fig. 1b is a guide for the eye
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fluorescence intensity on the addition of the surfactant (F127
or SDS) to the peptide solution. In addition, the quenching
experiments with acrylamide showed that in the presence of
F127 or SDS, TRP3 suffered little quenching effects, indicat-
ing that the Trp residues are solubilized inside the copolymer
aggregates or micelles. The fluorescence emission of the in-
dole ring of Trp is highly sensitive to the polarity of its envi-
ronment. Exposure of the Trp to the solvent increases the
solvent relaxation and thus the energy of the emitted light
decreases, and the maximum emission wavelength shifts to
the blue. That is, when Trp is in contact with the aqueous
solvent, its energy is reabsorbed by the surrounding water
molecules, resulting in lower energetic emission, such as de-
crease in fluorescence intensity or shift of the maximum emis-
sion of fluorescence to red. When Trp is in an environment
less exposed to the aqueous solution, i.e., in a more hydropho-
bic environment, it would exhibit higher energy emission and
its maximum fluorescence emission could be shifted to blue.
In this case, the tritrpticin may be interacting with the hydro-
phobic part of the Pluronic. The peptide showed a maximum
fluorescence emission length at 347 nm. In the presence of
500 μM Pluronic, this wavelength was 342 nm. The shift to
blue was 5 nm. So, the decrease of 5 nm of the wavelength for
the maximum emission in the presence of Pluronic clearly
indicates that TRP3 peptide went to a more hydrophobic en-
vironment. From Figs. 2 and 3, it can be realized that in the
presence of acrylamide and F127, there was a pronounced
reduction in the fluorescence signal, suggesting that the Trp
amino acids of tritrpticin interact with the F127, lying proba-
bly at the interface between the polar ethylene oxide (EO)
(corona) moiety and the hydrophobic PO core of the copoly-
mer aggregates, protected from the aqueous media. Confocal
microscopy studies corroborate these results by showing that
TRP3 does not penetrate deeper inside E. coli and S. aureus
cells keeping anchored at the membrane interface [38]. Our
fluorescence studies indicate that the three Trp residues
(W6,W7,W8) of the central part of tritrpticin remain at the
PO/EO interface, as it is at the micelle surface for ordinary
surfactants, such as SDS [18].

Circular dichroism spectroscopy characterization

The conformational and structural changes of the tritrpticin in
the presence and absence of F127 were also investigated here
by circular dichroism spectroscopy, in the ultraviolet (180–
250 nm) region. In Fig. 4, the CD spectra of tritrpticin are
shown in the absence and presence of F127 at different con-
centrations. The interpretation of the CD spectra of tritrpticin
may be complicated by the presence of multiple aromatic side
chains, which prevents a detailed analysis of the secondary
structure. However, the characteristic spectrum of neat
tritrpticin solution shows a negative ellipticity band at
185 nm, typical for a random structure [10]. The Trp side

chain contributes to the CD spectrum approximately between
200 and 225 nm [13, 39].

The presence of a negative band at 225 nm, characteristic
of tritrpticin, is in agreement with results reported by other
research groups [10, 11, 13, 18]. It can also be noticed that
the increase in an F127 concentration caused a change in the
spectral profile of TRP3, and the 225 nm bandwas red shifted;
the intensity of the negative band at 185 nm, on the other and,
increased significantly, and it was blue shifted, suggesting that
the peptide experiences conformational changes in the pres-
ence of F127. These data also indicate F127-TRP3 interaction,
due to solubilization of the peptide into the copolymer
aggregates.

Differential scanning calorimetry characterization

Differential scanning calorimetry technique measures the heat
capacity (ΔCp) to keep the sample and the reference (solvent)
temperature the same while the temperature varies at constant
heating or cooling rate.ΔCp reflects the change in the enthal-
py of internal energy processes of the sample molecules,
displayed as DSC thermograms, or ΔCp vs. temperature
curves [40]. DSC allows one to determine the critical micellar
temperature (CMT) and enthalpy (ΔH) of F127 solution in the
absence and presence of tritrpticin. It can be used also to
investigate the thermotropic behavior of natural or synthetic
macromolecules, for example, to determine the denaturation
temperature of the protein [41]. The values of CMT and ΔH
for F127 and F127-TRP3 aggregates reported here agree well
with those for similar systems found in the literature [40, 42,
43]. The values of denaturation temperature (Td) and enthalpy
(ΔHd) for neat TRP3 solution, to our knowledge, have not
been reported so far. Andrushchenko and cols. [44], who in-
vestigated lipid-peptide interactions for different compounds
at 23 °C, reported that at this temperature, the peptides studied

Fig. 4 CD Spectra of TRP3 at 50 μmol L−1 in the absence and presence
of F127 at 200, 500, and 700 μmol L−1, as indicated. Sample temperature
was 25 °C
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(including tritrpticin) are not denatured, while the lipids may
be either in the gel or in the liquid-crystalline state. This indi-
cates that the actual Td value of TRP3 is higher than 23 °C, in
line with the Td value of 27.5 °C reported here.

The DSC thermograms of neat F127 solution in the con-
centration range 70–450 µmol.L-1 (Fig. 5a) present a single
endothermic event around CMT, with enthalpy ΔH, which
decreases exponentially with a concentration [40]. Such a
band is characteristic of the reversible formation of micelles
upon increase in temperature around CMT [40, 42].
Consecutive heating and cooling of an F127 sample give iden-
tical but inverted thermogram profiles, presenting, respective-
ly, in the heating and cooling, a single asymmetric endother-
mic and exothermic peak around the CMT [40]. The absence
of thermal hysteresis in a heating/cooling cycle is an indica-
tion of reversible micellization process [40]. The CMT corre-
sponds to the temperature at which the endothermic peak
reaches the maximum value [43]. According to Fig. 5a, at
70 μmol L−1 F127, the CMT peak cannot be clearly distin-
guished and the trace resembles a noise signal, while at

100 μmol L−1, the CMT transition appears together with some
noise above ca 45 °C. Above this concentration, the noise
signal is minimal and the band is shifted to lower temperature,
indicating that the CMT decreases with increasing the F127
concentration, as expected [40].

Figure 5b shows DSC thermograms of F127 at concentra-
tions up to 450 μmol L−1 in the presence of 50 μmol L−1

TRP3. Accordingly, the DSC curve of F127-free TRP3 at
50 μmol L−1 displays an endothermic event around Td =
27.5 °C and enthalpy ΔHd = 198.2 kJ mol−1, characteristic
of the peptide denaturation. In the presence of TRP3, it can
be distinguished as two regions (Fig. 5b). Below
100 μmol L−1 F127, the thermograms display a broad over-
lapped endotherm centered at a position (critical temperature)
clearly dependent on the F127 concentration, together with
some noise characteristics of low concentrate F127 solution.
At the lowest F127 concentration (20 μmol L−1), the broad
peakmaximum is closer to Td = 27.5 °C (denaturation temper-
ature) of neat TRP3, while at 50μmol L−1, the peakmaximum
approaches the CMT value of F127. These indicate that F127
monomers interact with TRP3 leaving it more protected
against denaturation, since it requires more energy to denature
compared to the free peptide. Above 70 μmol L−1, the peak
characteristic of F127 becomes similar to those of TRP3-free,
indicating the incorporated peptide does not affect the charac-
teristics of the copolymer aggregates, while the complexed
peptide is immobilized and, therefore, protected against dena-
turation. At the equimolar condition (50 μmol L−1), neither
the denaturation nor the micellization peak can be discerned,
but instead, an overlap of these two peaks. It means that below
this concentration, the peptide (denaturation) transition domi-
nates, while above it, the copolymer (CMT) transition domi-
nates the thermogram profile, thus indicating F127 monomers
bound to the peptide and peptides bound to F127 aggregates,
respectively, below and above the equimolar concentration.

The CMT and ΔH values of neat F127 solution vary with
the copolymer concentration, as shown in Fig. 6. Accordingly,
there is a marked decrease in CMT with an increasing F127
concentration in agreement with previous publication for neat
F127 [40]. Figure 6 also shows that ΔH of neat F127 in-
creases slightly above 100 μmol L−1 with increasing the
F127 concentration, attaining at higher concentrations similar
value than in the presence of TRP3, which remains roughly
constant in the presence of increasing amount of F127.

Similar behavior was also seen for F127 in the presence of
TRP3, meaning that the incorporation of the peptide preserves
the structure of the copolymer aggregates, in agreement with
the above mentioned fluorescence data. Figure 6 also shows
that ΔH of neat (TRP3-free) F127 increases slightly with the
increase of copolymer concentration. This means that by in-
creasing the F127 concentration, more energy is involved in
the formation of micelles due to formation of larger structures,
as confirmed by the scattering results shown below.

Fig. 5 Heating DSC thermograms of F127 at varying concentrations in
the absence (a) and presence (b) of TRP3 at 50 μmol L−1
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Overall, the F127-TRP3 interactions affect significantly the
thermogram profile of F127 at concentrations below but not
above ca 100 μmol L−1 (Fig. 5b). At higher F127 concentra-
tions, however, in the presence of TRP3, the thermograms
resemble those of the neat F127 thermograms (Fig. 5a), de-
spite the incorporation of the peptide into the aggregates.
Therefore, as TRP3 does not change considerably the CMT
and ΔH values of F127 (Fig. 6), the incorporated peptide
preserves the F127 aggregate structure and, alternatively, the
immobilized peptide structure is protected against
denaturation.

Dynamic light scattering measurements

The colloidal stability of the F127 aggregates in the presence
and absence of tritrpticin was also investigated by dynamic
light scattering in order to determine the hydrodynamic diam-
eter (Fig. 7).

Overall,DH of the F127 aggregates obtained at 25 °C in the
absence of TRP3 increases from ca 10 to 50 nm with increas-
ing the F127 concentration from ca 70 to 450 μmol L−1. Such
an increase is expected due to a trend of the Pluronic to form a
larger aggregate at a higher concentration [45]. It is worth
noticing that this temperature (25 °C) is below the CMT and,
therefore, the F127 aggregates might be pre-micellar
structures.

The interaction of tritrpticin with F127 at different concen-
trations results in pronounced initial increase in DH relative to
neat F127 aggregate size. However,DH decreases from ca 110
to ca 22 nm when the F127 concentration was augmented
from ca 70 to 450 μmol L−1. Such a behavior can be explained
by the different ways F127 and TRP3 associate to form the
colloidal complexes. Initially, up to 100 μmol L−1, there is
formation of F127-bound complexes with TRP3, followed
by formation of TRP3-containing F127 aggregates with a

decreasing amount of TRP3 incorporated (due to the increas-
ing number of aggregates formed with increasing F127 con-
centration. Such a change in size has implication in the zeta
potential of the complexes so formed, as shown next. Note
that around 300 μmol L−1 F127, the neat F127 aggregates and
the F127-TRP3 complexes display similar size.

To our knowledge, there is no record in the literature on the
size of the F127-tritrpticin complexes.DH of neat F127 aggre-
gates in aqueous solution remains constant at 20.4 nm in the
temperature range 35–45 °C [45]. In the presence of three
different hydrophobic drugs (ibuprofen, aspirin, and erythro-
mycin), it has been reported also an increase in the size of
F127 micelles after encapsulation of these drugs [46]. These
authors worked above the CMC of F127, thus obtaining mi-
cellar structures with the drugs incorporated in. They also
reported that the complex size depends on the drug used; in
their case, it varies according to erythromycin > ibuprofen >
aspirin. Herein, we demonstrate that the complex size is high-
ly dependent on the relative concentration of the compounds.
The increase in size of neat F127 aggregates is due to forma-
tion of larger aggregates, while the decrease in size of the
F127-TRP3 complexes is due to the initial compaction of
the peptide structure followed by the formation of micelle-
like structures entrapping the immobilized peptide, which in
turn does not denature upon heating.

Zeta potential measurements

Zeta potential (ζ) is an important parameter for describing
colloidal systems, as their values relate the stability and help
to explain the particle interactions. Suspensions displaying ζ
values greater (in modulus) than ± 30 mV indicate higher sta-
bility, while those having smaller ζ values may be unstable.

Fig. 7 Hydrodynamic diameter (DH) of F127 copolymer aggregates as a
function of concentration, in the absence (blue) and in the presence
(black) of TRP3 at 50 μmol L−1. Data obtained at 25 °C. The lines
connecting the points are guides for the eye

Fig. 6 CMTandΔH as a function of F127 concentration, in the absence
and presence of TRP3 at 50 μmol L−1, as indicated. Data obtained from
the analyses of the thermograms in Fig. 5. The lines connecting the points
are guides for the eye
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There are many factors that affect the zeta potential, such as
particle and electrolyte type and concentration, and additives
in general [47].

The way ζ of F127-tritrpticin complexes varies with
F127concentration is shown in Fig. 8. Accordingly, ζ values
fluctuate from ca − 3 to − 9 mV, displaying a mean value of −
6 mV. The low values of ζ may indicate low stability, there-
fore, suggesting the existence of other (unknown) molecular
forces that act on the complexes turning the complexes more
stable.

Conclusions

Based on our multi-technique study, the overall conclusion is
that the peptide TRP3 interacts with the Pluronic F127 in
aqueous solution. As a result, the structure of the F127-
TRP3 complexes so formed dependent on the relative amount
of Pluronic. At low F127 concentrations, prevail a condensed
structure of the F127-bound peptide, while at higher F127
concentrations, the dominating complex structure is micelle-
like containing immobilized peptide, which in turn suffer no
denaturation when heated above its denaturation temperature,
Td = 27.5 °C, as revealed by DSC scans. The so formed com-
plexes may function as drug delivery system for application in
nanotechnology.
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