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Abstract

Fluorescence emission from the single tryptophan residues of two melanocyte stimulating hormones, o-MSH
and 86-MSH, and their quenching kinetics were studied in aqueous solution and in reverse micelles of
AOT /water / isooctane. Incorporation into micelles caused blue shifted and narrower emission peaks, altered
quantum yields and considerably enhanced anisotropies for both peptides when compared to emission from
bulk water. The variation of emission parameters with micellar water content was interpreted to suggest that
while the tryptophan in a-MSH lies in close vicinity of the water- AOT molecular interface, that in 6-MSH is
solubilized in the central water pool. Total emission intensity decays followed complex (biexponential) kinetics
in both aqueous and micellar media. Although the mean lifetimes for both peptides were always nearly the
same, the average rotational correlation times in micelles for a-MSH were three times as much as those for
8-MSH. Stern-Volmer plots obtained using acrylamide and CCl, as quenchers localized in the micellar and
organic pseudophases, respectively, were non-linear and dependent on emission wavelength. Quenching by
acrylamide was more efficient for §-MSH than for a-MSH, while the opposite was true for quenching by CCl,.
The implication of this result for localization of the peptides in micelles was consistent with the earlier one

emerging from these studies.
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1. Introduction

Peptide hormones are a class of short, biologi-
cally active peptides whose function is thought to
depend on the secondary structures they adopt
on binding with cell surface receptors. They exist
in aqueous solution in multiple, rapidly inter-
changing conformational states and cannot gener-
ally be studied in their functional environment

* To whom correspondence shouid be addressed.

[1]. Thus there has been great interest in studies
of peptide conformations in association with
model interfaces, such as lipid vesicles, surfactant
micelles and reverse micelles [2-4]. Of these the
last mentioned offers the greatest flexibility and
convenience of manipulation of the state of the
interfacial water. The physical and chemical
properties of this system vary extensively with its
water-to-surfactant molar ratio w, (for literature
reviews, see Refs. [3,4]). Macromolecules dis-
solved in the aqueous core of reverse micelles
have been studied, using mostly spectroscopic
methods, in varying states of hydration by follow-
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ing their behaviour as a function of the parame-
ter w,. Such studies report significant perturba-
tions of conformation and associated characteris-
tics of the molecules induced by the presence of
surfactants, the extent of which depend on the
charge state of surfactant head groups, water
content of micelles and the nature of probe
molecules [3-7].

a-Melanocyte stimulating hormone («-MSH or
a-melanotropin) is secreted by the intermediate
lobe of vertebrate pituitaries and has been shown
to act on adrenal cell steroidogenesis, pigment
cell darkening and neural functioning related to
learning and behaviour [8,9]. It is a linear tride-
capeptide containing the first thirteen amino acids
in the sequence of the larger pituitary hormone
ACTH (adrenocorticotropic hormone), with which
it shares a number of common hormonal proper-
ties. Its biologically active conformation has been
proposed to contain a local structure (B-turn)
within the “message” segment spanning residues
6-9 [10). The heptapeptide 8-MSH, though lack-
ing this sequence vital to the melanotropic activ-
ity of a-MSH, contains the residues Met, Glu
and Trp at corresponding positions in its
polypeptide chain, a significant difference being
the presence of the fluorescent marker Trp at the
very end of the chain in 8-MSH [11]. Their
amino-acid sequences are as follows:

Ac-Ser-Tyr-Ser-Met-Glu—-His-Phe-Arg-Trp
-Gly-Lys-Pro-Val-NH,  (a-MSH)
Ser—-Met-Glu-Val-Arg-Gly-Trmp (8-MSH)

We have used fluorescence spectroscopy to
study two synthetic peptide hormones a-MSH
and 3-MSH incorporated in reverse micelles of
sodium dioctyl sulfosuccinate (AOT)/ water/
isooctane, which mimic the water-membrane in-
terface well. The characteristics of steady-state
emission from the single tryptophan residues of
the peptides, and their excited-state lifetimes,
were measured and compared with those of the
model compound N-acetyl tryptophanamide
(NATA). The kinetics of fluorescence quenching
by two compounds of widely different hydropho-
bicities (acrylamide and carbon tetrachloride)
were also measured to compare the relative loca-
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tions of tryptophan fluorophores of the peptides
in reverse micelles. Our results indicate that elec-
trostatic interactions of charged amino-acid side
chains with surfactant polar head groups play a
key role in determining the localization of pep-
tides.

2. Materials and methods

High purity a-MSH, 8-MSH, NATA, AOT
and acrylamide were purchased from Sigma
Chemical Co. (St. Louis, MQ). Tetrachloro-
methane and isooctane (Uvasol grade) were from
Merck (FRG). All chemicals were used as re-
ceived. Purity of AOT was confirmed by the good
agreement of its UV-absorption spectrum with
that found in the literature [3].

Concentrated stock solutions of the com-
pounds were prepared in pH 7.6, 0.05 M phos-
phate buffer. To incorporate each in micelles of a
given w,, the requisite volume (a few 1) of stock
was injected into 1-2 ml of a 50 m M solution of
AOT in isooctane, and shaken till clear [12].
During each series of experiments, w, was in-
creased stepwise from 1.4 to 22.4 by adding fur-
ther small aliquots of stock to the same AOT-
isooctane solution. Optical densities of fluores-
cent samples at their excitation wavelengths were
kept below 0.1.

Absorbances were measured on a Perkin-
Elmer 554 spectrophotometer. Corrected emis-
sion spectra were recorded on a Hitachi 4010
spectroflucrometer, using excitation at 280 nm
for 6-MSH and NATA and at 295 nm for a-MSH
(to selectively excite its tryptophan residue). We
found that excitation of the first two samples at
295 nm produced essentially the same w-depen-
dence of fluorescence emission parameters as
that found with 280 nm excitation, which indi-
cates the absence of any complicating effects due
to emission from the 'L, and 'L, states of indole
[13]. Peptide-free micellar solutions of appropri-
ate w, were used as reference blanks in ab-
sorbance measurements and for collecting base-
line spectra in emission experiments. Typical ex-
citation and emission bandwidths of (3, 1.5), (5, 5)
and (3, 10) nm were used to measure wavelength
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at emission maxima and bandwidth, quantum
yield and steady-state anisotropy, respectively. All
measurements, except as noted, were made at
20°C. The limiting anisotropy (r,) was deter-
mined by extrapolating to zero the graph of 1/r
versus 1 /7, obtained by measuring the anisotropy
in a 90% glycerol-10% water mixture in the
temperature range 30°C to —10°C.

Quantum yield of each peptide-containing mi-
cellar solution (¢,,) was determined relative to
that (¢,,,) of a solution of L-tryptophan in pH 7.0
phosphate buffer, with ¢, taken to be 0.14
[14,15]. These measurements were complicated
by the fact that a-MSH was sparingly soluble in
phosphate buffer (due probably to acetylation
and amidation of the two ends of its peptide
chain), which made the OD’s of a-MSH-contain-
ing micellar solutions too small to be accurately
measured, especially at low w,. To circumvent
this problem it was assumed that the OD’s were
proportional to w, (which was ensured by the
method of preparation of micellar solutions of
successively higher w,), so that they could be
determined relative to the OD of a high w,
solution (w, = 22.4). For fluorometric titration of
a-MSH the pH of an aqueous solution was ad-
justed by stepwise addition of minute amounts of
concentrated HCl or NaQOH.

Fluorescence total intensity decays were mea-
sured with an Edinburgh Instruments Model 199
time domain fluorometer using the single photon
counting technique. Excitation at 297 nm was
provided by a pulsed high pressure N, lamp
operating at 25 kHz repitition rate, the pulse
profile having a FWHM of 1.4 nanosecond. The
decay profiles of all samples in buffer were col-
lected at 350 nm, whereas in reverse micelles they
were monitored at 337 nm, 350 nm and 340 nm
for a-MSH, 6-MSH and NATA, respectively, us-
ing a bandwidth of 21.2 nm in all cases. Lifetimes
were estimated by fitting to a single, or the sum
of two, exponential decays using software sup-
plied by manufacturers. Best-fit values of life-
times, as judged by minima of y?, were accepted.

Quenching experiments on each sample were
performed by serially adding small aliquots (i.e.,
2-4 ul) of a very concentrated quencher solution
(typically 4 M acrylamide or CCl, stock) to about
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1 ml of the sample in a cuvette, mixing and
measuring the fluorescence intensity with 295 nm
excitation. Corrections were applied for dilution
of the fluorescent material and for absorption of
incident light by acrylamide, this being minimal at
295 nm [16). Quenching data were fitted to a
modified form of the Stern-Volmer equation by
using non-linear least-squares analysis [17]):

Fy

7o = | T Ksv[Q] (1)

corr

where F... is the intensity corrected for acryl-
amide absorption, [Q] the quencher concentra-
tion, K, the Stern-Volmer (dynamic quench-
ing) constant, and V' is known as the static
quenching constant.

3. Results
3.1. Emission maxima and bandwidths

Steady-state fluorescence emission spectra of
the peptides in buffer showed single peaks char-
acteristic of tryptophan residues exposed to the
aqueous environment, as evidenced by the close
similarity of their location (A,,) and bandwidth
(AA = FWHM) with those of the emission maxi-
mum of NATA (see Table 1). Upon incorpora-
tion of the peptides into reverse micelles the
emission peaks were blue shifted and their band-
widths were reduced, as shown in Figs. 1(a) and
1(b). Similar changes in emission parameters have
been reported for a number of peptide hormones
and their fragments solubilized in reverse mi-
celles [6]. Of the three samples a-MSH showed
the largest blue shift and peak sharpening while
8-MSH showed the least, these effects being the
most prominent for w, between 1.4 and 8 and
decreasing significantly above w, = 10. The emis-
sion spectrum of 6-MSH in reverse micelles of
the highest w, (= 22.4) had characteristic param-
eters (A, =351 nm, AA =60 nm) almost identi-
cal to those of its spectrum in aqueous solution.
By contrast, the values of these parameters for
a-MSH (A, =337 nm, AA =56 nm) and NATA
(A, =344 nm, AA =57 nm) in micelles (at wy =
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Fig. 1. Variation of (a) wavelength (1) and (b) bandwidth (AX) of emission maxima with micellar water content (w,) for a-MSH
(©), 6-MSH (4 ) and NATA (@).

22.4) differed distinctly from their corresponding
values in water (Table 1).

3.2. Quantum yield

In micelles of low w, ( < 3) the quantum yiclds
of all three samples were higher than in aqueous
solution, decreasing with increasing w, as shown
in Fig. 2. As with A, and AA, the relative change
of the yields with w, slowed down appreciably for
wy 2 10. However, a qualitative difference was
observed between the wg-dependence of the
yields of 8-MSH on the one hand and of a-MSH
and NATA on the other. For 8-MSH the quan-
tum vyield in reverse micelles of all w, was higher
than that in bulk water. For a~-MSH and NATA
the yields in micelles dropped below their respec-
tive values in aqueous solution for wj > 3.

The inset of Fig. 2 shows the result of a
fluorometric titration of a-MSH in the pH range
4-9, the ratio of the peak emission intensity to

Table 1

Summarized steady-state emission parameters of a-MSH, 8-
MSH and NATA in 0.05 M, pH 7.6 phosphate buffer

Compound A (nm) Ai{(nm) ¢ r? o

a-MSH 350 60 007 0025 0207
3-MSH 355 61 0.09 0014 0.196
NATA 354 60 014 00 0.181

2 Excitation wavelength 295 nm.

the absorbance at the excitation wavelength (295
nm) being plotted along the y-axis. The data
point to the presence of a quenching mechanism
in a-MSH which involves interaction of its trypto-
phan with some such ionizable group as histidine
(pK,=6.5).

3.3. Fluorescence decay lifetimes

Time-resolved measurements of tryptophan
emission intensity from the peptides, both in
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Fig. 2. Variation of quantum yield with w, (symbols as in Fig.
1). The inset shows the dependence on pH of the fluorescence
intensity at the emission peak of «-MSH divided by its ab-
sorbance at the excitation wavelength, this ratio being propor-
tional to the quantum yield [25).
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aqueous solution and in reverse micelles of w, =
5.6, 11.2 and 22.4, showed good fits to biexponen-
tial decays as judged by yZ-minimization and
deviation function criteria. The best-fit parame-
ters—lifetime components (r,) and amplitudes
(a;)—are listed in Table 2. The two lifetime
components lie around 1 ns and between 3-4 ns,
in general agreement with the their values found
for tryptophan in the free state and in similar
peptides [6,18]. Although both individual compo-
nents for the micellized peptides decreased with
increasing wy, their relative amplitudes varied in
such manner as to produce only a small decrease
of the mean lifetime {(r) (=a,r, +a,7,) for a-
MSH and a similar increase for 6-MSH over the
range of w, studied. For NATA, a monoexpo-
nential was found to be sufficient for good fits to
the fluorescence intensity decays, both in water
and in reverse micelles of wy=224. The life-
times so obtained were in good agreement with
the mean lifetimes obtained for NATA under
similar conditions by other investigators [6,7].

3.4. Steady-state anisotropy
In aqueous solution both peptides exhibited
low values of the anisotropy measured at 295 nm

excitation. Incorporation into reverse micelles
substantially increased the anisotropy, especially

Table 2
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Fig. 3. Variation of steady-state anisotropy (at 295 nm excita-
tion) with wy, calculated after subtracting AOT /isooctane
baseline contributions for each setting of polarizers. Error
bars represent the spread in results of several measurements
on the same sample. Symbols as in Fig. 1. Solid lines show
only the trend of data.

at low w,, and at 20°C gave rise to excitation
anistropy spectra (see Ref. [19]) similar in size
and shape to that reported for trp in viscous
solvents at low temperatures [13]. For a-MSH the
anisotropy remained more or less constant as w,
increased from 5.6 to 22.4, whereas for §-MSH
and NATA it decreased by 20% over this range
(Fig. 3). Using this data and the mean lifetimes in

Fluorescence lifetimes of the peptides and NATA in different media. Excitation was at 297 nm for all three samples. Total intensity
decay profiles collected at respective emission peaks were fitted to the expression /(r)=a; exp(—1/7,)+ a, exp(—1t/7,) for the
peptides; for NATA, a single exponential sufficed to give good fits to the observed decays. Mean lifetimes were calculated using

(r) =a,r,+ a,7,. Estimated errors were +0.1 ns

Medium

Sample T @, T2 a, (r> T,
W (ns) (ns) (ns) (ns)
a-MSH 5.6 45 042 14 0.58 27 33
11.2 4.4 043 1.3 0.57 2.6 32
224 3.2 0.61 0.9 0.39 23 2.7
Buffer 32 073 0.9 0.27 26 0.36
8-MSH 56 40 0.39 1.3 0.61 24 12
112 38 0.52 1.3 0.48 26 1.2
224 3.7 0.77 0.8 0.23 30 1.2
Buffer 3.2 0.85 1.1 0.15 29 022
NATA 224 2.0 1.0 20 1.0
Buffer 3.0 1.0 3.0 0.0
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Table 2, average rotational correlation times (r.)
were calculated using Perrin’s equation [20]:

7= /(ro/r=1) (2)

where r, is the limiting anisotropy for the pep-
tides, determined by extrapolation of 1/r vs.
T/m graphs as described above (Table 1). The
values of 7., so calculated (Table 2), were be-
tween five (for 5-MSH) to ten (for a-MSH) times
larger in micelles than in aqueous solution. In
micelles, 7. for -MSH decreased from 3.8 ns at
wy =56 to 3.3 ns at w, =224, whereas for a-
MSH it remained constant at 1.2 ns throughout
this range. For NATA, 7. at w, = 22.4 had nearly
this same value.

3.5. Fluorescence quenching

Stern-Volmer plots for quenching by CCl,
and acrylamide, both in aqueous solution and in
reverse micelles, showed upward curvature for
both peptides and NATA (Figs. 4-6). Such non-
linear plots indicate the presence of a static
quenching mechanism, as shown explicitly from
lifetime measurements for NATA and other in-
dolic compounds in water and in association with
SDS micelles [16). Values of K, and V obtained
by fitting the data to a modified Stern~Volmer

Table 3
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Fig. 4. Quenching of fluorescence from a-MSH (0), §-MSH
(a)and NATA (D) by acrylamide in buffer, monitored at 350
nm emission. The solid lines represent fits of data to eq. (1) of
the text.

equation (eq. 1) are collected in Table 3. Using
the mean lifetimes in Table 2, bimolecular rate
contants (k, = K, /(7)) for acrylamide quench-
ing of the peptides in water come out close to the
value (6 X 10° M~! s~!) measured for free tryp-
tophan {16].

Quenching rate constants obtained by fitting data in Figs. 4-6 to the modified Stern-Volmer equation: Fy, / F,,.¢"1¥ =1+ K,[Q).
Units are M™! for V and Kgy and 10° M~' s™! for k,. Estimated limits of error in Kg, and V are +10% and +20%,
respectively. The normalized accessibility factor (naf) of acrylamide for a sample was calculated as the ratio of its k, (averaged
over three wavelengths) in reverse micelles to that in bulk water [27]

Wave- Sample
length "MSH 5-MSH NATA
(nm)
Ksy kg naf vV Kgy k, naf vV Kgv kg naf
Acrylaniide quenching in water
350 0.67 13.7 527 0.93 12.7 438 2.68 15.0 4.84
Acrylamide quenching in reverse micelles
340 0.63 0.63 0.27 0.47 2.69 0.90 0.76 1.27 0.64
350 0.64 0.82 0.36 0.07 0.54 2.74 0.91 .21 0.86 1.22 0.61 0.13
360 0.74 0.96 042 0.60 2.83 0.94 0.93 1.20 0.60
Carbon tetrachloride quenching in reverse micelles
340 2.50 3.90 1.70 0.88 2.50 0.83 1.77 2.44 1.22
350 1.98 4.17 1.81 0.51 2.68 0.89 1.56 2.65 1.33
360 117 5.17 225 0.15 2.85 0.95 1.34 275 1.38
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Conc. of Acrylamide,{M]
Fig. 5. Fluorescence quenching by acrylamide of peptides in
reverse micelles (at wy, = 22.4), showing dependence on emis-
sion wavelength: (a) «-MSH at 340 nm (+), 350 nm (O) and
360 nm (x); (b) 6-MSH at 340 nm (0O), 350 nm () and 360
nm (®). Solid lines represent fits to eq. (1) of text.

The efficiencies of both quenchers were con-
siderably lower in reverse micelles, and wave-
length dependences of quenching were evident

0.0 0.1 0.2 03

Conc. ot CCl,, [M]
Fig. 6. Fluorescence quenching by carbon tetrachloride of
peptides in reverse micelles {w; = 22.4), showing dependence
on emission wavelength; symbols as in Fig. 5. Solid lines are
fits to eq. (1) of text.
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(Table 3, Figs. 5 and 6). Control experiments
were performed to detect if acrylamide quench-
ing in buffer also showed any wavelength depen-
dence. However, quenching plots at the three
wavelengths were indistinguishable from one an-
other on the scale of Fig. 4. Fits of these data to
eq. (1) yielded values of K¢, and V varying
randomly by 2-4% with wavelength. This varia-
tion is at least an order of magnitude smaller
than that observed for quenching in micelles (Ta-
ble 3), and imply the absence of wavelength de-
pendent quenching in bulk water.

To enable comparison of the residual accessi-
bility of the two peptides to the aqueous quencher
acrylamide we calculated the normalized accessi-
bility factor (naf), defined as the ratio of the
quenching constant (k) in micelles to that in
water [21]. These are also listed in Table 3. It is
clear from the naf values that in reverse micelles
the relative accessibility of acrylamide for -MSH
is 3 times that for «-MSH. Table 3 also shows
that the rate comstants (k,) for quenching of
micelle-incorporated a-MSH by CCl, are more
than twice as much as they are for 5-MSH.

For the peptides, static quenching contribu-
tions (V) by both agents were throughout small
(Table 3), but a nearly threefold increase was
observed for CCl, quenching of a-MSH in mi-
celles when compared to its quenching by acryl-
amide in the same environment. As the static
quenching mechanism is short-ranged and non-
diffusive, i.e., viscosity-independent, this result
implies a higher effective concentration of CCl,
than acrylamide around a-MSH in the micelles
[16].

Another interesting result that emerges from
these studies is that acrylamide and CCl, play
opposite roles as regards the wavelength depen-
dence of quenching efficiency, namely, that acryl-
amide quenches the peptide fluorescence more
efficiently at higher emission wavelengths,
whereas CCl, quenches it more efficiently at
lower wavelengths. These can be inferred from
the data shown in Figs. 5 and 6, as well as from
the corresponding values of Kgy and V in Table
3. Such wavelength dependent quenching by
acrylamide and CCl,, and the complementary
nature of the effects produced by these two
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agents, have previously been reported for a series
of indole derivatives in AOT /n-heptane reverse
micelles [22,23]. '

Stern—Volmer plots for quenching of the con-
trol compound NATA in reverse micelles always
fell between those obtained for the two peptides,
and showed wavelength dependence similar to
that observed for 6-MSH (Table 3). Values of
Ky for acrylamide quenching of NATA were in
between those for the peptides, while I had
values of the same order for all.

4. Discussion

The fluorescence behaviour of the peptides in
micelles differ markedly from that in aqueous
solution and strongly depend on the amount of
water present in the micelles. The main features
of the results shown in Figs. 1-3 can be explained
by restricted capabilities for relaxation of the
peptide side chains, and for reorientation of the
solvent molecules, in the micellar interior [6,20].
Experiments have generally confirmed the exis-
tence of two distinct populations of water in
reverse micelles: surfactant “bound” (interfacial)
and “bulk” water, the latter developing as hydra-
tion of the surfactant headgroups and counteri-
ons becomes complete with increasing micellar
water content (by various methods of estimation,
this occurs at wy, > 10). At low w; the first type
of water predominates, with the result that sol-
vated molecules experience a rigidly structured
aqueous environment of low polarizability and
high microviscosity. The blue shifts and reduced
bandwidths of the emission peaks, and enhance-
ment of the quantum vields and steady-state
anisotropies reported here, are all consequences
of the altered hydration states of the fluo-
rophores in micelles [4-7]. The fact that these
parameters assume values approaching those typ-
ical of the aqueous medium for wy > 10 is indica-
tive of a bulk-like water pool beginning to form.
In this context, then, it is significant that the
saturation values of the emission parameters A,
and AAX in micelles differ considerably from those
in bulk water for «-MSH but not for 6-MSH.
This result points to a difference in the sites of
localization of their tryptophan residues: the trp
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in a-MSH is preferentially located near the mi-
cellar interface, while the one in §-MSH is dis-
placed toward the central pool by addition of
water.

One aspect of the quantum yield data of Fig. 2
merits discussion. As the micellar water is less
polar and more rigidly structured than bulk water
even at wy = 22.4, quantum yields of solubilized
probes are expected to diminish with increasing
w, but nevertheless should remain higher than
their respective values in aquecous solution [14].
The departure from such behaviour in the case of
a-MSH and NATA suggests the existence of ad-
ditional deactivation pathways for the excited
states of these two molecules that do not play a
significant role for 5-MSH. A relevant quenching
mechanism was suggested by Ricci and Nesta
from observations of quenching of indole fluores-
cence by carbonyl compounds [24]). They at-
tributed it to formation of an excited-state charge
transfer complex between indole and a carbonyl
group in which the former acts as a donor. Thus
the effect in question is likely due to quenching
by the carbonyl groups of surfactants. Closer
proximity of a-MSH to the micellar interface
(compared to 8-MSH) can lead to higher proba-
bility of encounter between its indole ring and
the AOT carbonyls, causing more effective
quenching of its emission.

It is also worth considering the implication of
the pH titration curve of «-MSH (inset, Fig. 2)
for its quantum yield behaviour in reverse mi-
celles. The single histidine residue in «-MSH,
located three residues away from its tryptophan,
most likely quenches the trp excited singlet state
below pH 6 by a proton transfer mechanism [25].
It is conceivable that the restricted environment
of the micellar interior stabilizes the a-MSH chain
into a conformation in which these two residues
interact more strongly and for longer periods
than in water, where such peptides are known to
exist in extended, flexible conformations with al-
most no ordered structure. This quenching mech-
anism may then contribute to the marked de-
crease of quantum yield of a-MSH in micelles.

The simple exponential decay of the total
emission intensity from NATA, both in water and
in reverse micelles (of w, =22.4), represents the
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limiting case of fluorophore in a solvent-relaxed
environment. Further evidence for this is pro-
vided by the fact that the fluorescence rate con-
stant (k) of indole, as obtained from the ratio of
quantum vield to lifetime for NATA, was con-
stant in going from water (0.045) to the micelles
(0.048) and had about the same value as that
found for a number of indole derivatives in water
exhibiting single exponential decay [26]. In con-
trast, time-resolved intensity data for the MSH
peptides both in aqueous and micellar media
vield complex kinetics which could be fitted to
biexponential decays and gave rise to wide varia-
tions in the rate constant k. Other investigators
have found the decay parameters («; and 7,) of
similar flexible polypeptides and peptide frag-
ments in water to be wavelength independent
across the emission spectrum and have used this
result to argue that complex decays in these pep-
tides are due to a distribution of slightly different
tryptophan environments in the ground state
[6,27]. Different degrees of quenching of the in-
dole excited state would lead to a distribution of
fluorescence decay times, and hence multiexpo-
nential decay kinetics. In the present case, the
close similarity of the lifetime components for the
MSH peptides suggests that interaction of the trp
with near-neighbour amino acids exerts the main
influence on its emission kinetics. The guani-
dinium quenching group of the nearby arginine in
both peptides is likely of primary importance in
this respect, as suggested by Ross et al. [27].
Upon incorporation of the peptides in reverse
micelles, their trp side chains are constrained to
rotate within a restricted volume of the ordered
peptide matrix, which in turn sets up rotational
barriers to trp motion in the nanosecond time
scale and leads to complex decay kinetics [28].
This also increases the steady-state anisotropy
considerably. The average rotational correlation
times in micelles for a-MSH are about thrice as
much as for -MSH (Table 3). Anisotropy decay
measurements have previously indicated that ro-
tational motions of the trp fluorophore are char-
acterized by two correlation times differing by at
least an order of magnitude [6]. The short corre-
lation time (in the neighbourhood of 1 ns) repre-
sents the tumbling of the solute within the micel-
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lar water pool, while the longer component (= 10
ns) corresponds to rotational diffusion of the
micelle itself. The 7. calculated from Perrin’s
equation must be an appropriate average of these
two components. Since the longer component is
likely to be determined by the size and water
content of the micelles, the almost triple values of
7. for @-MSH compared to 6-MSH points to a
considerably greater degree of restraint imposed
on trp side chain rotations of a-MSH by the
micellar environment. It also implies a stronger
coupling between the two rotational motions of
a-MSH arising out of stronger interactions of this
peptide with the AOT suifonate groups and the
structured interfacial water layer in which it is
likely to be embedded. The r_ values for 5-MSH
and NATA are nearly the same in spite of the
difference in the sizes of these two molecules,
implying the close similarity of their trp environ-
ments and fluorophore-water interactions.

Fluorescence quenching experiments can lead
to information about the relative positions of
indole moieties in reverse micelles, when
quenchers having affinities specifically for the
aqueous and hydrocarbon phases are used. Al-
though the inherent heterogeneity of the host
system in the present case results in a heteroge-
neous distribution of probe and quencher in mi-
celles, acrylamide can be considered confined to
the water pool and the interfacial region, while
the uptake of CCl, by AOT has been shown to be
negligible [22]. Study of the naf values for
quenching of the peptides (Table 3) points to a
comparatively higher accessibility of the aqueous
quencher acrylamide to §-MSH, in parallel with
reduced accessibility of the hydrophobic agent
CCl, to this peptide, and confirms the relatively
distinct regions of localization of the two peptides
within reverse micelles. The static quenching con-
tributions (represented by the term e*%), which
increase with quencher concentration around the
fluorophore, similarly suggest a higher concentra-
tion of CCl, around the trp of a-MSH. This
raises the possibility of the trp side chain being
inserted into the hydrophobic tail region of the
AOT boundary layer.

The wavelength-dependent quenching results
in micelles can be understood if we assume the
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excited fluorophores to be distributed among sev-
eral different environments, with the rates of
interchange between these positions being slower
than excited state decay [22,23). The molecules
nearer to the isooctane phase will then fluoresce
predominantly at shorter wavelengths and be
more prone to quenching by CCl,, while those
located nearer (or inside) the water pool will emit
at longer wavelengths and be preferentially deac-
tivated by acrylamide. This reasoning assumes
partitioning of acrylamide and CCl, into the mi-
cellar and hydrocarbon phases, respectively, to
account for their complementary wavelength de-
pendences of quenching. It also raises the inter-
esting possibility that heterogeneity of tryptophan
environment, which presumably is the source of
wavelength dependent quenching, may be studied
by following the wavelength dependence of fluo-
rescence lifetimes of the peptides in micelles [27],

5. Conclusions

In view of the implications it may have for
peptide conformations in biomimetic environ-
ments, it is worth considering the physical reason
behind the principal result of this work, namely,
that the two peptides have tendencies for local-
ization in different regions inside AOT reverse
micelles. The origin of this differencc appears to
lie in the electrostatic interaction between posi-
tively charged side chains (Arg and Lys) of a-
MSH and negatively charged headgroups (sul-
fonate) of AOT, which attributes this peptide
with affinity for the micellar interface. The hy-
drophobic character of the trp side chain can lead
to its insertion into the hydrocarbon tails of the
surfactants, while the charged residues on either
side keep it anchored in this position. Similar
considerations may be responsible for the ob-
served location of a-MSH at the boundarics of
phospholipid vesicles [21] and for the generation
of a secondary structure in the biologically active
conformation of a-MSH [10]. As 3-MSH is elec-
trically neutral, its trp is free from the attractive
influence of the interface and prefers to populate
the micellar centre, where the comparatively mo-
bile water molecules provide a relaxed solvent
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environment. The location of this trp at the C-
terminus of the peptide chain reduces its hy-
drophobic character and also helps localize it in
the polar water pool.
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