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Abstract We report studies on the interaction of a-
melanocyte stimulating hormone (¢-MSH) and a syn-
thetic analogue (MSH-I) with reverse micelles prepared
from the amphiphilic sodium bis(2-ethylhexyl)sulfosuc-
cinate in isooctane. The tripeptide lysyl-tryptophyl-
lysine and the isolated amino acid tryptophan were also
investigated as simpler compounds interacting with the
micelles. Tryptophan fluorescence parameters (spectral
position of emission band, anisotropy, and lifetime de-
cay) demonstrated that in the presence of reverse mi-
celles the environment around the fluorophore is less
polar and more rigid than bulk water. Those parameters
are sensitive to the changes induced in the micelles by the
presence of water. In large micelles having a water/
amphiphile molar ratio above 10, the modifications de-
tected by fluorescence are small and the location of the
fluorophore is not affected by a further increase in the
concentration of the bulk water. The results, with ad-
ditional support from quenching experiments, indicated
that the different compounds occupy different positions
in the large reverse micelles, but in any case they are in
the interface region, without dispersing into the bulk
water. From decay associated spectra, conformations
were identified showing different degrees of tryptophan
exposition to polar and nonpolar local environments.
The conformation related to the long lifetime has its
tryptophan more exposed to water while that associated
to the intermediate lifetime has that residue stabilized in
nonpolar media. The native hormone «-MSH and the
analogue MSH-I present similar conformations in dry
micelles. However, in buffer and in the large hydrated
micelles, differences in conformations are evident, and
could be related to the different physiological activity of
the peptides.
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Introduction

The hormone peptide o-melanocyte stimulating hor-
mone («-MSH) is secreted by the intermediate lobe of
vertebrate pituitaries and is related to several physio-
logical and neurological processes. It is a linear
tridecapeptide having the amino acid sequence Ac-Ser-
Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH,,
and it has long been known as the relevant hormone
regulating skin pigmentation (Sawyer et al. 1980). More
recently, evidence was found of its action also as a
neurotransmitter or neuromodulator in learning, mem-
ory, and attention (Jegou et al. 1993).

From studies relating chemical structure to biological
activity of the hormone, it was established that the cen-
tral 6-9 tetrapeptide, His-Phe-Arg-Trp, is essential for
the action of the hormone as a pigmenting agent (Hruby
et al. 1984). Exploration of the characteristics of that
central region led to the development of the agonist
[Nle4, p-Phe7] a-MSH (hereafter referred to as MSH-I),
which in frog skin bioassay exhibits increased potency
and prolonged activity, as compared to the native hor-
mone (Sawyer et al. 1980; Al-Obeidi et al. 1989a). The
superpotency of MSH-I was attributed to a f-turn con-
formation stabilized by a D-Phe7 residue and a possible
GluS-Arg8 or Glu5-Lysl1 salt bridge (Hruby et al. 1988;
Sugg et al. 1988; Al-Obeidi et al. 1989b). It was sug-
gested that structural features of the lateral chains of the
central 6-9 sequence also would be of importance, and
enhanced biological activity could be observed in those
analogues having, in one surface of the peptide, the res-
idues His, Phe, and Trp and, in the other surface, the
residue Arg (Sugg et al. 1988; Hruby et al. 1993).

The melanotropins interact with receptors that
have been cloned and identified as pertaining to the



superfamily of G-protein receptors and some important
amino acids for the receptor-ligant interaction were
identified in the extracellular loops of the receptor in
human melanoma (Chhajlani and Wikberg 1992;
Mountjoy et al. 1992; Grantz et al. 1994; Chhajlani
et al. 1996). On the other hand, several reports indicate
that the native hormone and some potent analogues
show affinity for lipid membranes (Ito et al. 1993; Biaggi
et al. 1996; Macédo et al. 1996). A correlation was ob-
served between an increase in pigmenting activity and
the strength of the interaction with model membranes; in
particular, the results of fluorescence (Ito et al. 1993)
and circular dichroism (Biaggi et al. 1997) suggest
structural differences for the peptides in water and in the
lipid phase of vesicles, with a possible stabilization of the
p-turn in the central region of the peptide. Those results
emphasize the importance of the lipid phase in the in-
teraction of the hormone with its receptor in the bio-
logical membrane.

A model for the interface between lipid membranes
and water is the self-organized aggregation of amphi-
philes stable in organic solvents and in the presence of
limited amounts of water (Lenz et al. 1995). The reverse
micelles formed in this ternary system can mimic the
hydrophobic regions around and inside receptors in bi-
ological membranes, permeated by the presence of water
molecules structured near to charged and hydrophilic
groups. Inside the controlled volume of the reverse mi-
celles, the water molecules, if present in sufficient
amount, can have the properties of bulk water, modeling
the aqueous environment far from the membrane sur-
face.

In order to investigate the behavior of the melano-
tropins in such a controlled environment, we studied the
fluorescent properties of the Trp9 residue of the amino
acid sequence of o-MSH, in the presence of reverse
micelles formed in the system made by the nonpolar
solvent isooctane, the amphiphile sodium bis(2-ethyl-
hexyl)sulfosuccinate (AOT), and various and controlled
concentrations of water. Previous work by Bhattachar-
yya and Basak (1993) suggested different locations for -
MSH and the heptapeptide -MSH inside AOT reverse
micelles, possibly influenced by electrostatic interactions
between charged side-chain residues in the peptides and
the surfactant. We studied also the behavior of the po-
tent analogue MSH-I, compared to that of the native
hormone a-MSH. The tripeptide lysyl-tryptophyl-lysine
(LTL) was examined as a model for a positively charged
peptide and we used the isolated amino acid tryptophan
as a reference for the properties of the fluorophore in-
teracting with reverse micelles. Steady-state and time-
resolved parameters of the compounds were determined
at various contents of water in the reverse micelles,
characterized by the water/amphiphile molar ratio, w,.
Experiments of fluorescence quenching by acrylamide
were also performed, giving additional information
about the behavior of the melanotropins in the presence
of the reverse micelles. Special attention was devoted to
the decay associated spectra (DAS) of the compounds
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obtained from a global analysis of decay curves mea-
sured at different emission wavelengths, and to the
correlation between these spectra and structural features
of the peptides.

Materials and methods

o-MSH, MSH-I, LTL, and tryptophan were purchased
from Sigma (St. Louis, Mo.); isooctane, AOT, and
acrylamide were obtained from Sigma-Aldrich. All
chemicals were utilized without additional purification.

Reversed micellar suspensions were prepared by a
simple solubilization of AOT on a required amount of
isooctane to have a final concentration of 50 mM, and
vortex mixing the suspension. The peptides were incor-
porated in the reverse micelles by adding small aliquots
(a few microliters) of concentrated stock solutions in
buffer (107> M in 50 mM phosphate buffer, pH 7.4) to
I ml of the 50 mM suspension of AOT in isooctane,
followed by shaking until clear. The amount of stock
added was controlled to give the desired values of the
parameter w, that is the ratio between the number of
water molecules and the number of AOT molecules.
During each series of experiments, w, was increased by
further addition of small aliquots of the stock to the
same AOT-isooctane-water suspension. For quenching
experiments, a concentrated stock solution of acryla-
mide (2 M) was prepared in 50 mM phosphate buffer,
pH 7.4. Small aliquots (a few microliters) were serially
added to the samples either in buffer (peptide concen-
tration 2 x 107> M) on in the reverse micelles with
wo = 16 (peptide concentration 1.5 x 107> M).

Optical absorption measurements were performed
using an HP 8452 A diode array spectrophotometer. For
steady-state fluorescence experiments we employed a
Fluorolog 3 Jobin Yvon-Spex spectrometer. Excitation
and emission slits of 1 nm or 2 nm bandpass were used,
depending on the fluorescence intensity of the sample.
Fluorescence quantum yields were determined using
tryptophan in pH 7 buffer as a reference, taking the
value 0.14 as standard. The excitation wavelength was
295 nm to avoid emission from the tyrosine residue in
melanotropins. In the acrylamide quenching experi-
ments the excitation wavelength was set to 300 nm and
corrections were made for the absorbance of the
quencher, although its value was always lower than 0.10
at that wavelength. The steady-state fluorescence an-
isotropy was measured at a wavelength emission of
350 nm, using Glan Taylor polarizers in a L-format
configuration. The temperature was controlled using a
Forma Scientific 2006 thermal bath.

Time-resolved experiments were performed using an
apparatus based on the time-correlated single photon
counting method. The excitation source was a Tsunami
3950 Spectra Physics titanium-sapphire laser, pumped
by a 2060 Spectra Physics argon laser. The repetition
rate of the 5 ps pulses was set to 400 kHz using the 3980
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Spectra Physics pulse picker. The laser was tuned to give
an output at 890 nm, and a third harmonic generator
BBO crystal (GWN-23PL Spectra Physics) gave the
297 nm excitation pulse that was directed to an Edin-
burgh FL900 spectrometer. The L-format configuration
of the spectrometer allowed the detection of the emission
at a right angle to the excitation. The emission wave-
length was selected by a monochromator, and emitted
photons were detected by a Hamamatsu R3809U mi-
crochannel plate photomultiplier. The FWHM of the
instrument response function was typically 45 ps and a
time resolution of 12 ps per channel was employed.
Software provided by Edinburgh Instruments was used
to analyze the decay curves. The adequacy of the ex-
ponential decay fitting was judged by inspection of the
plots of weighted residuals and by statistical parameters
such as reduced chi-square. Decay associated spectra
(DAS) were generated by a global analysis of data sets
obtained at different emission wavelengths, using the
analysis software from Edinburgh Instruments.

Results
Spectral position

In phosphate buffer, pH 7.4, the peptides presented
maximum fluorescence emission at wavelengths near to
355 nm, characteristic of the exposition of the trypto-
phan residue to the polar aqueous environment, in
agreement with previous results of fluorescence of mel-
anotropins (Ito et al. 1993). In reverse micelles having
the lowest water content, with w, = 2, the emission
spectra of all samples were blue shifted, showing max-
ima near to 334 nm (Fig. 1). This means that in those
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Fig. 1 Dependence of maximum emission wavelength on water
content (w,) of the micelles. A «-MSH; % MSH-I; O LTL O
tryptophan. Excitation wavelength 295 nm

small and dry micelles the tryptophan, either isolated or
within the peptides, is in a medium of low polarity, far
from the small amount of the structural water present
around the polar heads of AOT. Similar blue-shifted
emission spectra in reverse micelles were observed in
o-MSH by Bhattacharyya and Basak (1993) and in
tryptophan by Singh and Aruna (1995).

Titration experiments showed that the maximum of
the fluorescence emission spectra was shifted to longer
wavelengths with increase in the water content of the
micelles (Fig. 1). Above w, = 10, the changes were very
small and, although the emission spectra in the large
micelles were red shifted compared to those in the small
dry micelles, they were blue shifted compared to the
spectra in phosphate buffer (Fig. 1). This means that the
polarity of the environment around the fluorophore in
the large reverse micelles is intermediate between the
high value of the bulk aqueous phase and the low value
of the AOT hydrocarbon chains.

Quantum yield

Quantum yields of the peptides in phosphate buffer, pH
7.4, are typical of tryptophan in peptides: 0.09 for a-
MSH, 0.095 for MSH-I, and 0.08 for LTL (Ito et al.
1993). In the nonpolar medium of the dry micelles (w,
2), absence of water around the tryptophan residue de-
creased nonradiative deactivation processes, and the
blue shift of the emission spectrum was accompanied by
an increase in quantum yield. The quantum yields in dry
micelles were higher for «-MSH and MSH-I (0.13 and
0.15, respectively) compared to LTL and tryptophan
(0.08 and 0.09, respectively). Values for «-MSH are
comparable to those reported by Bhattacharyya and
Basak (1993).

Increase in the water content of the micelles in the w,
range between 2 and 10 resulted in a decrease of the
quantum yields, which remained practically constant
above w, = 10 (Fig. 2). The final equilibrium values of
the quantum yield in large micelles were lower than
those measured in the buffer solution, being equal to
0.075 for «-MSH and MSH-I and 0.04 and 0.03 for LTL
and tryptophan, respectively. This is another indication
that in the large micelles the local environment around
the fluorophore is different from the bulk water.

Anisotropy

The anisotropy of the zwitterionic tryptophan measured
in buffer was low, as expected for such a small molecule.
Larger values were found for LTL (0.014) and melano-
tropins (around 0.030), with only small changes in
temperatures between 15 and 30 °C. The anisotropy of
the compounds increased to values around 0.13 in the
small micelles (w, 2). The fluorophore seems to be
immobilized in the small micelles and the anisotropy
values reflect the depolarization due to the movement of
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Fig. 2 Dependence of quantum yield on water content (w,) of the
micelles. A o-MSH; % MSH-I O LTL; O tryptophan. Excitation
wavelength 295 nm

the whole micelles. Titration of the reverse micelles,
increasing w,, continually lowered the anisotropy values
until about 0.10 for the peptides and 0.06 for free try-
ptophan (Fig. 3). Diminution of the anisotropy with
increasing water content in the micelles could be the
result of two opposite trends: an increase in depolar-
ization due to a more fluid environment caused by the
influx of water in the interface region of AOT, and a
decrease in depolarization due to the larger size of the
micelles. The final values of the anisotropy in the titra-
tion experiments were higher than those measured in
buffer, indicating again that in the large micelles, with a
high water content, the peptides were not free in the bulk
aqueous phase.
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Fig. 3 Variation of anisotropy with water content (w,) of the micelles.
Ao-MSH; ¥ MSH-I; O LTL; O tryptophan. Excitation wavelength
295 nm
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Lifetime of fluorescence

A very common observation is the multi-exponential
fluorescence decay of tryptophan in proteins and pep-
tides, and previous reports showed that the same applied
to the melanotropins in aqueous medium and in the
presence of vesicles and micelles (Bhattacharyya and
Basak 1993; Ito et al. 1993). In this work we observed
that, in reverse micelles, three exponential decay com-
ponents were required to fit the experimental decay data,
as judged by the statistical criteria reported in Materials
and methods.

Visual inspection of the decay profile of the trypto-
phan residue in the peptides indicated that the decay
kinetics was dependent on the amount of water present
in the reverse micelles in the w, interval between 2 and
10. Also here, only small changes were detected above
w, 10, indicating that for this water/amphiphile ratio a
limiting value was already attained for the partition of
the peptides in the water/AOT/isooctane system.

A detailed analysis of the time-resolved fluorescence
results will be presented in a following section. We ex-
amine here the overall characteristics of the fluorescence
decay of the peptides under different conditions of the
reverse micelles, through the inspection of mean life-
times for the decay kinetics measured at the wavelength
emission of 350 nm. The mean lifetime (r) is obtained
from a weighted mean value calculated from the indi-
vidual lifetimes (t;) and the corresponding pre-
exponential factors (a;) according to

N Z (11'112
Z a;t;

Mean lifetimes in buffer were higher for tryptophan
(3.0 ns) compared to the peptides (2.31 ns for LTL,
2.35 ns for a-MSH and 2.38 ns, for MSH-I respectively),
in agreement with the quantum yield results. Additional
routes for the deactivation of tryptophan are present in
peptides, involving quenching by either the peptide
bonds or other residues in the macromolecule (Chen and
Barkley 1998). In the small and drier micelles (w, 2),
longer mean lifetimes were measured for the peptides
(2.7, 3.2, and 3.4 ns for LTL, «-MSH, and MSH-I, re-
spectively), while the mean lifetime for the zwitterionic
tryptophan decreased to 2.6 ns. In this environment,
interaction of free tryptophan with the AOT polar head
groups may introduce new deactivation routes for the
excited state. Increase in the water content of the mi-
celles resulted in a fall of the mean lifetime values and
limiting values were attained for the micelles having w,
above 10 (Fig. 4). The final calculated mean lifetimes
were smaller than those obtained in buffer solution for
tryptophan, LTL, and «-MSH (1.7, 1.6, and 2.2 ns, re-
spectively), a result that is parallel to the titration ob-
served through the quantum yield values. An exception
is the analogue MSH-I, whose mean lifetime in buffer
(2.4 ns) is slightly smaller than its value in the large
micelles (2.67 ns). The results reported in this section
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Fig. 4 Variation of mean lifetime with water content (w,) of the
micelles. Aa-MSH; % MSH-I; O LTL; O tryptophan. Excitation
wavelength 298 nm; emission at 350 nm

refer to emission wavelengths of 350 nm. Decay curves
were obtained at several emission wavelengths and the
data are presented in the last section of these results.

Quenching

The accessibility of the fluorophores to acrylamide was
observed through quenching experiments performed ei-
ther in phosphate buffer or in the large reverse micelles
having w, = 16. Stern-Volmer plots using fluorescence
intensity data presented a small extent of positive
deviation from linearity (Fig. 5) and a best fit to the
experimental data was obtained using the modified
Stern-Volmer expression:

)

1
that includes a sphere of action, characterized by the
parameter J/, within which occurs the supression of
fluorescence. In the expression, Ksy is the Stern-Volmer
constant and [Q] is the concentration of the quencher.

(1 + Ksv[Q])exp(V[Q])-
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Fig. 5 Stern-Volmer plots for quenching of fluorescence by acryla-
mide, from intensity measurements: a In phosphate buffer, pH 7.4; b
in reverse micelles, w, = 16. A o-MSH; ¥ MSH-I; O LTL; O
tryptophan. Excitation wavelength 300 nm
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Results for a-MSH and MSH-I in buffer were similar
to those reported previously (Bhattacharyya and Basak
1993; Macédo et al. 1996) and we observed here that
the fluorescence of zwitterionic tryptophan was more
supressed by acrylamide than the fluorescence of the
peptides (Fig. 5a and Table 1). This is in agreement with
data from the peak position of fluorescence emission,
indicating that the Trp residue in the peptides is less
exposed to the aqueous solvent.

The Stern-Volmer plots obtained from the mean
lifetimes were linear and the constants resulting from the
fit of the data to the normal Stern-Volmer equation were

Table 1 Quenching parameters:

Stern-Volmer constant (Ksy), Ksy (M7')* VM Ksy M7H° Kq (10°M™"'s7h
volume of the sphere of action MSH
, and bimolecul tant o=
%,I?) for samples in aqueous Buffer 7.4 16.0 = 1.0 11+ 05 13.4 £ 0.2 57 + 04
blfffer solution and in reverse Micelles w, = 16 0.81 £+ 0.05 0.47 + 0.035 0.93 + 0.03 0.42 £+ 0.02
micelles with w, = 16 MSH-I
Buffer pH 7.4 145 £ 0.8 09 £ 04 13.0 £ 0.2 55+ 0.3
Micelles w, = 16 2.1 £0.2 0.23 £ 0.10 3.5 £ 0.2 1.3 £ 0.1
LTL
Buffer pH 7.4 13.5 £ 0.2 1.0 £ 0.1 13.4 £ 0.3 58 £ 0.1
Micelles w, = 16 2.1 £0.2 0.11 + 0.07 1.07 £ 0.07 0.67 £ 0.04
Trp
Buffer pH 7.4 20.5 £ 0.1 1.0 £ 0.1 23.1 £ 0.3 7.7 £ 0.1
Micelles w, = 16 1.97 £ 0.02 0.50 + 0.01 1.7 £ 0.1 1.0 £ 0.1

#From intensity plots
°From lifetime plots



slightly smaller than those calculated from intensity
plots (Table 1), suggesting the occurrence of a contri-
bution from static quenching to the steady-state data. A
bimolecular rate constant, kg, proportional to the dif-
fusion coefficients of the interacting molecules, can be
derived according to kq = Ksv/(t0), from the mean
lifetime (79) measured in absence of quencher and the
dynamic Stern-Volmer constants. The values obtained
for tryptophan and «-MSH (7.7 x 10°M~!'s~! and
5.7 x 10°M~'s~!, respectively) in buffer solution were
comparable to those reported in the literature (Lakowicz
1983; Bhattacharyya and Basak 1993). Bimolecular rate
constants of similar magnitude were obtained for MSH-
I and LTL (Table 1).

Quenching by acrylamide was also examined in
reverse micelles of AOT having w, = 16, an experi-
mental condition that should be representative of the
equilibrium attained by the peptides in the large reverse
micelles. Compared to the measurements in buffer, there
was a large decrease in the extent of quenching (Fig. 5b),
meaning that in the reverse micelles the tryptophan
residue in the peptides is less accessible to the quencher.
This qualitative observation was evident from both
steady-state data and time-resolved experiments. Stern-
Volmer plots showed a drastic decrease in the quenching
constants in the presence of reverse micelles, compared
to those obtained from measurements performed in
buffer solution. The bimolecular constant k, decreases
5-10 times, reflecting the increased restrictions to the
collisions between fluorophore and quencher in the
reverse micelles (Table 1). Our values for o-MSH
(0.42 x 10° M~! s71) are comparable to those previously
reported (Bhattacharyya and Basak 1993).

Decay associated spectra (DAS)

For a given compound, decay curves were obtained at
different emission wavelengths and the decay times were
nearly constant across the fluorescence spectrum. Then a
global analysis of the data sets measured at different
wavelengths was performed to obtain the fluorescence
spectrum of each decay component, generating the DAS
(Knutson et al. 1983). We obtained the DAS for the
compounds in buffer and in the extremes of small (w, 2)
and large reverse micelles (w, 20). In all compounds,
data were best fitted to three exponential decays and the
DAS are illustrated in Fig. 6 for «-MSH. Results for the
peptides and tryptophan are summarized in Table 2,
which also presents the fractional contribution to the
total fluorescence emission, obtained from the integra-
tion of the spectral curve corresponding to each lifetime.
Wavelengths indicated in Table 2 correspond to the
position of the maximum from each spectral curve pre-
sent in the DAS.

Lifetimes resulting from global analysis of «-MSH
and MSH-I data in phosphate buffer (Table 2) were
comparable to those previously reported, approximately
3.2 ns for a long component, 1.5 ns for an intermediate
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Fig. 6 DAS of «-MSH: a in phosphate buffer, pH 7.4, 3.73 ns
component ([J), 1.60 ns component (O), 0.28 ns component (V), and
steady-state spectrum (—); b in reverse micelles, w, = 2, 5.07 ns
component ([J), 2.07 ns component (O) 0.34 component (V), and
steady-state spectrum (—); ¢ in reverse micelles, w, = 20, 3.73 ns
component ((J), 1.51 ns component (O), 0.29 component (A), and
steady-state spectrum (—)

component, and 0.30 ns for a short component (Ito
et al. 1993). From the relative contributions of each
component to the total fluorescence (Table 2), it is ob-
served that the long lifetime component predominates in
the spectra of MSH-I, the long and intermediate life-
times have almost equal contributions in «-MSH, and
the intermediate lifetime component predominates in
LTL and tryptophan. We also noted the presence of a
small amount of a long lifetime component of 7.23 ns in
tryptophan, which contributed to increase the mean
lifetime. In all cases the maximum emission associated
with each of the three lifetimes was located around
355 nm, a spectral position corresponding to the flu-
orophore exposed to the aqueous environment.

Quite distinct DAS were obtained in reverse micelles
with w, = 2. Similarities between o-MSH and MSH-I
are evident, like increased lifetimes and similar distri-
bution among the components of the decay, with 50%
contribution from the intermediate lifetime (2.07 ns in a-
MSH, 2.24 ns in MSH-I, Table 2). Furthermore, that
component has the maximum contribution to fluores-
cence at 330 nm, being mainly responsible for the blue
shift observed in the steady-state emission spectra. The
short lifetime (0.34 ns in «-MSH and 0.42 ns in MSH-I)
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Table 2 Lifetime parameters

from global analysis of decay nms)  wms)  t(ns)  p P2 Ps3 2 z /3
datasets measured at different MSH
avelengths, in buffer soluti o-
i everse micellas: o Tifer Buffer pH 7.4 3.33 1.6 0.28 48.1 455 64 355 355 350
time; p; percentile contribution Wo = 2 5.07 2.07 0.34 37 525 10.5 350 330 320
of lifetime component i ob- Wo = 20 3.73 1.51 0.29 32 554 125 355 340 330
tained from integration of the MSH-1
corresponding spectral compo- Buffer pH 7.4 3.07 1.57 0.25 58.5 37.9 3.6 355 355 350
nent; /; peak position (in nm) of Wo = 2 5.36 2.24 0.42 40.4 49.5 10.5 350 335 320
the spectrum of component i Wwe = 20 433 1.67 0.29 42.6 46.4 11 355 345 330
LTL
Buffer pH 7.4 3.38 1.95 0.53 18.8 72.4 8.8 355 355 350
Wo = 2 6.0 2.43 0.83 16.7 629 204 350 345 335
We = 20 2.47 1.3 0.36 30.6 545 150 350 345 330
Tryptophan
Buffer pH 7.4 7.32 2.79 0.51 6.6 88.5 4.8 355 360 350
Wo = 2 434 1.69 0.35 38 46 154 350 335 335
Wo = 20 2.30 1.04 0.21 50.3 37.0 127 355 345 340

component that contributes 10% to the total emission
was also strongly blue shifted, while the spectrum of the
long lifetime component (around 5 ns) maintained its
maximum near to 350 nm. In the tripeptide LTL the
intermediate and the short lifetime (2.43 ns and 0.83 ns)
components were less blue shifted compared to those in
the melanotropins. However, their relative contributions
account for about 83% of the total fluorescence, re-
sulting in the same blue shift of the steady-state spectra
observed in the melanotropins. On the other hand, free
tryptophan presented the greatest changes both in the
lifetimes and in their relative contributions to fluores-
cence, but maintaining the same trend observed in the
peptides that associates the intermediate and short life-
times mainly to a nonpolar environment.

In reverse micelles with w, = 20, the DAS were dif-
ferent from those obtained either in aqueous medium or
in the small, drier reverse micelles. The long lifetime and
its relative contribution in the analogue MSH-I were
slightly higher than those of the native hormone a-MSH,
leading to the higher mean lifetime. The results suggest
that, although «-MSH and MSH-I have similar struc-
tures in the low polarity environment of dry reverse
micelles, they can have different conformations in the
large reverse micelles. The differences in conformations
could be the same as those existing in the membrane—
water interface in the cells, accounting for the different
biological activity of the hormones.

In the large micelles, the small tripeptide LTL showed
lifetimes smaller than those presented by the hormones,
indicating the occurrence of nonradiative processes of
decay that are not present in the melanotropins. Despite
this fact, the relative distribution of the lifetimes is
similar to that observed in «-MSH, with the main con-
tribution to the steady-state emission of fluorescence
coming from the intermediate lifetime, whose maximum
emission occurred in wavelengths typical of a nonpolar
environment. Distinct behavior was observed for free
tryptophan: in the large micelles, compared to the buf-
fer, the relative contribution of the intermediate lifetime

was strongly decreased, and blue shifted; the long life-
time population, which is not wavelength shifted, in-
creases its contribution to total fluorescence, as does the
short lifetime component whose maximum is blue
shifted. Besides these changes in the populations, the
lifetimes are significantly smaller than those in buffer.
Even if tryptophan perceives a polar environment, its
DAS is very different from that of the buffer, confirming
that the water around the molecule in the large reverse
micelles is not the bulk water.

The analysis of the DAS gives additional information
related to the blue shift of the emission observed in the
experiments of fluorescence quenching by acrylamide.
From the decay curves we observed a systematic de-
crease in the contribution from the long lifetime com-
ponent when the acrylamide concentration increased,
and a corresponding rise in the contribution of the short
lifetime component. Examination of the relative contri-
bution of the components of the decay revealed that the
population having a longer lifetime, and associated with
a polar environment, is more quenched than those pre-
senting shorter lifetimes and associated with the non-
polar medium. The decrease in the contribution from the
conformations related to the polar component, more
accessible to the quencher, resulted in the observed blue
shift of the steady-state spectra of the peptides with in-
creasing concentration of acrylamide.

Discussion

Steady-state fluorescence parameters for «-MSH, MSH-
I, and LTL in buffer were similar to those usually found
for other tryptophan containing peptides. The residue is
probing an aqueous environment, even if it is slightly
less polar in the melanotropins than in the tripeptide
LTL. As could be expected, the quenching by acryla-
mide was more pronounced in the free amino acid than
in the peptides, reflecting the need for the quencher to



match with a specific part of the peptides, and resulting
in the smallest bimolecular constants for the largest
molecules. Furthermore, differences in anisotropies re-
flect the different sizes of the molecules probed by the
tryptophan residue.

The large micelles probably best reproduce the
overall environment sensed by the peptides in the
presence of the lipid phase of a biological membrane.
Electron paramagnetic resonance measurements of spin-
labeled fatty acids have shown that, below w, = 10, the
addition of water to the reverse micelles changes the
solvent polarity in the interface region of the micelles,
and the water molecules remain structured around the
polar head group of the amphiphile (Kommareddi et al.
1993; Ikushima et al. 1997). Above w, = 10, the mod-
ifications in the order parameter and rotational corre-
lation times of the spin labels could be explained by the
increase in the amount of bulk water inside the micelles.
Thus, the large micelles to which we refer in this work
(wo 20) contain structured water around the head group
of the amphiphiles, extending to its hydrocarbon chain,
and also an amount of water that is enough to reproduce
the properties of an aqueous bulk medium inside the
micelles. We observed that increase of the water con-
centration above w, = 10 does not alter the peptide
fluorescence parameters, indicating that the interaction
of the compounds with the reverse micelle is not affected
by further addition of bulk water. Thus, steady-state
fluorescence parameters pointed to a location for the
tryptophan residue in the peptides intermediate between
the bulk phase and the hydrophobic region of the large
reverse micelles.

In the experiments with reverse micelles, the
concentration of amphiphiles was always in large excess
compared to that of the peptides, the minimum ratio
being 2250:1 when w, was set equal to 20. As observed
before (Ito etal. 1993), melanotropins interact
with negatively charged vesicles and direct micelles,
and a limiting distribution is effectively attained at
lipid/peptide ratios above, typically, 50. Thus, at the
AOT/peptide concentrations used here, it is expected
that the peptides are bound to the nonpolar phase of the
micelles and this binding distribution, comprising elec-
trostatic interactions, is probably present in the plateau
region of Figs. 1-4 corresponding to w, values above 10.
The results presented may indicate that, below w, = 10,
additional binding to the lipid surface could be
promoted by the decrease in the volume of the aqueous
phase, or, alternatively, that the changes in the fluores-
cence parameters reflect modifications in the polarity of
the medium promoted by the decrease in the volume
of the aqueous phase. A definite answer cannot be given
without additional analysis of the interaction of the
peptides with the reverse micelles.

An interesting point needing further elucidation is the
effect of the electrostatic interactions between the neg-
atively charged micelle surface and the positively
charged peptides. Electric potential energy can be cal-
culated from the Poisson—Boltzmann equation, under
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spherical symmetry, but it is necessary to have a better
knowledge of surface charge densities. The use of lipo-
philic fluorescent pH indicators could be helpful to in-
vestigate the electric properties of the reverse micelle
surface, as well as in the determination of the local pH,
which could be influencing the fluorescence parameters.
Such investigation is currently under study (Fornés et al.
1999) and may provide relevant information about the
interaction between peptides and reverse micelles.

Nevertheless, the time-resolved data and global
analysis of the decay curves provide some additional
information about the conformation of the peptides in
interaction with the reverse micelles. In isolated trypto-
phan, the heterogeneous decay is related to the occur-
rence of different rotameric conformations (Szabo and
Rayner 1980), leading to distinct rates for nonradiative
decay processes like electron transfer (Goldman et al.
1995). Studies in protein crystals that present three ex-
ponential decay kinetics (Dahms et al. 1995) have shown
the existence of different rotamers of the tryptophan
residue side chain. Conformational characteristics of the
macromolecules can be related to the different rotamers
of the tryptophan residue (Jacchieri and Ito 1995) and
this assumption leads to the view that different distri-
bution of the lifetimes could be associated with different
conformations of the peptide, consistent with recent
studies of model indole fluorophores (Chen and Barkley
1998).

It was recently shown by molecular dynamics simu-
lation performed for tenths of nanoseconds that the
native hormone o-MSH has a flexible structure in water,
without stabilization of any preferential conformation
(Pascutti et al. 1999). The results from the DAS of «-
MSH in buffer indicated the occurrence of conforma-
tions associated with different nonradiative decay rates
and their relative contributions to the total fluorescence
were not the same as measured for the analogue MSH-I.
Even assuming that the modifications promoted in the
amino acid sequence of the native hormone did not
modify its characteristic flexibility in aqueous solution at
room temperature, the differences observed in the DAS
suggest that the conformations of «-MSH and MSH-I
are significantly different in water.

In the small reverse micelles, a totally different envi-
ronment is probed by the tryptophan residue, for the
several fluorescence parameters were characteristics of a
nonpolar medium. Similarities between «-MSH and its
analogue MSH-I are evident from the time-resolved re-
sults, and DAS for both peptides show a similar distri-
bution of contributions from the long, intermediate, and
short lifetimes. Furthermore, in both cases the emission
of the long lifetime is centered at 350 nm, while the in-
termediate and short lifetimes present maxima around
330 and 320 nm, respectively. According to MD simu-
lations (Pascutti et al. 1999), «-MSH in a medium with
low dielectric constant presents the stabilization of a
compact conformation showing a f-turn involving the
residues His6, Phe7, and Arg8. The results from DAS
indicate that both peptides are, in fact, constrained to
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assume similar conformations in the nonpolar environ-
ment of the dry reverse micelles, and these conforma-
tions, stabilizing the f-turn, are different from those
presented by the peptides in the buffer solution.

In the large micelles there is apparently a contribu-
tion to the total fluorescence coming from the long
lifetime component, which has maximum emission at
355 nm. This component can be associated with a pep-
tide conformation corresponding to a rotameric state
where the tryptophan residue is probing a polar envi-
ronment. However, the main contribution to the fluo-
rescence of melanotropins comes from the intermediate
lifetime component, with a significant contribution also
from the short lifetime component. Both lifetimes pre-
sent maximum spectral contribution at short wave-
lengths, indicating that in the melanotropins the
tryptophan residue is sensing preferentially the less polar
medium of the hydrocarbon region of the amphiphile.
We emphasize that, in these micelles, the DAS from the
peptides were not equal, with different contributions
from the lifetime components, indicating differences in
the conformations of the peptide despite their location in
an environment of similar polarity.

From the time-resolved data we deduce that similar
conformations are presented by the native and the an-
alogue hormones in the low polar environment of small
and dry reverse micelles. However, the changes pro-
moted in the amino acid sequence of the analogue MSH-
I lead to conformations distinct from those attained by
the native hormone in buffer and in the large reverse
micelles. This stresses the importance of the mixed en-
vironment of the micelle lipid phase, affected by the
presence of water molecules, and modulating the con-
formational arrangement of melanotropins. We con-
clude that the difference in the peptide conformations in
an environment having physicochemical properties in-
termediate between the polar water and the nonpolar
lipid phase, and presumed to be similar to that present
near to a membrane receptor, could be related to the
observed significantly different biological activities of the
native hormone «-MSH and the synthetic analogue
MSH-I.
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