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Abstract

The fluorescence emission properties of three indole derivative probes N-2-(3-indolyl)ethyl-tetradecanoyl carboxam-
ide (N-myrTAM), 2-tetradecanoyl carboxamidyl-3-(3-indolyl)propanoic acid (N-myrTRP) and 11-N(2-[3-in-
dolyllethylamino)-9-en-methyloxy carbonyldecenate (11-TAMundec) were studied in solvents of different polarities in
pure lysophosphatidylcholine micelles (lysoPC) and in total brain gangliosides (TBG) micelles using steady-state and
phase-modulation fluorometry. By comparing the fluorescence emission spectra in solvent mixtures with the spectra
in lipid micelles it is concluded that the probes detect a more polar environment in TBG compared to lysoPC micelles.
Quenching experiments with acrylamide indicate that the indole group of N-myrTRP and N-myrTAM are more
exposed to the aqueous medium than the indole group of 11-TAMundec both in lysoPC and TBG micelles.
Quenching of the indole fluorescence with brominated fatty acid at the position 9-10 of the acyl chain is in the
following order: 11-TAMundec > N-MyrTAM > N-MyrTRP in lysoPC micelles whereas in TBG micelles only
11-TAMundec fluorescence is quenched. Based on the results of accessibility of the probes to the aqueous quencher
and the dielectric constant calculated for their environment, we estimated the surface to core polarity gradient of the
micelles. The polarity gradient is higher in TBG micelles compared to lysoPC micelles.
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1. Introduction

Gangliosides are complex anionic glycosphin-
golipids. The negative charge is due to the presence
of one or more sialic acids at the polar head group.
Gangliosides are mainly localized at the cell sur-
face and they have been postulated to be involved
in several membrane-mediated processes of infor-
mation transduction [1, 2].

Gangliosides affect several physicochemical and
structural properties of membranes such as curva-
ture radius, lateral organization, thermotrophic
behavior and electrostatic interactions [3-5]. The
surface potential of ganglioside-containing bilayers
has a maximum that is displaced by 1-2 nm from
the interface due to the position of the negative
charge of the sialic acids along the oligosaccharide
chain protruding into the aqueous phase [6—8]. It is
also expected that the extensive hydration of the
carbohydrate polar head group [9] influences the
dielectrical properties of the interface.

The basic amphiphilic peptide melittin and
myelin basic protein preferentially interact with
gangliosides compared to negative phospholipids
in monolayers at the air-water interface [10]. The
lipid-peptide interaction takes place with an in-
crease of the surface stability of both the lipid and
the peptide, it is thermodynamically favorable, and
occurs with dehydration of the glycosphingolipids
polar head group [11]. These complex glycolipids
also meet the condition of high local surface charge
density for a favorable interaction with the ACTH
hormone [12]. Using the solvatochromic probe
PRODAN a decrease was observed in the interfa-
cial polarity at the adhesive junction between two
model membranes containing ganglioside com-
pared to pure phospholipid [13].

In a previous study of the micropolarity of lipid
interfaces containing phospholipids mixed with
gangliosides, the solvatochromic dye MC-540 [14]
and the solvent polarity indicator ANS were used
[15]. These reports provided the first indications
that the polarity of the head group region of
ganglioside-containing interfaces is higher than in
pure neutral phospholipids. Nevertheless, it cannot
be completely ruled out that the changes in the
spectra of these probes induced by the incorpora-
tion of gangliosides into the lipid aggregate [14, 15]

may be due to changes in the location of ANS and
MC-540. ANS for example, does not bind to pure
gangliosides micelles (Bagatolli and Fidelio, un-
published results).

In the present work we have addressed the study
of the polarity of interfaces containing gangliosides
by using three indole-containing fluorescent probes
(Fig. 1). These hydrophobic probes have the ad-
vantage that the location of the fluorophor within
the lipid aggregate can be determined with more
certainty. We have attached a myristic acid to the
amine group of tryptophan and tryptamine N-
myrTRP and N-myrTAM; these two molecules,
one negatively charged and one neutral, are in-
tended to probe the polar head group environment
and the interfacial region close to the surface. A
third indole derivative, 11-TAMundec, was made
by attaching the tryptamine to the C,, of the
undecylenic acid methyl ester in order to sense the
properties of the hydrocarbon region of lipid bilay-
ers or micelles. Information from quenching exper-
iments with the soluble acrylamide quencher and
with a hydrophobic brominated fatty acid
quencher help to set the position of the fluorophor
in the micelle in a more predictable manner. We
have chosen the indole group because its spectro-
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Fig. 1. Formulae of (a), N-myrTRP; (b), N-myrTAM: and (c),
11-TAMundec.
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scopic properties are sensitive to the dielectric
constant of the microenvironment [16]. Besides,
substituted indoles are particularly useful for mim-
icking the photophysics of proteins in amphipatic
medium [17] which will be used with advantage for
future work.

2. Materials and methods

2.1. Materials

Ninhydrin test reagent was from Dupont.
Myristic acid was purchased from Eastman Or-
ganic Chemistry and was recrystalhized from
methanol solution before synthesis. L-tryptophan,
L-tryptamine, L-x-lysophosphatidylcholine from
egg yolk, acrylamide, oleic acid methyl ester, unde-
cylenic acid methyl ester and thionyl chloride were
purchased from Sigma Chemical Co. (St Louis,
MO). Brominated fatty acid: 9,10-dibromooctade-
canoic acid was prepared in our laboratory by
alquene bromination of oleic acid methyl ester
with subsequent ester hydrolysis and further purifi-
cation on a silicic acidic column. G,,, was ob-
tained as described previously [18] and total bovine
brain gangliosides (TBG, 21% Gy, 42% Gpya,
18% Gp)p. and 19% Gyy,) were a gift from Labo-
ratorios Beta. Buenos Aires, Argentina. The sol-
vents used for probes synthesis were purchased
from Merck (Cérdoba, Argentina) and were dried
after distillation with sodium thread. The solvents
used in the fluorescence experiments (spectrocopic
grade) were obtained from Sintorgan (Buenos
Aires. Argentina).

2.2. Synthesis of the probes

N-myrTRP and N-myrTAM were prepared by
reaction of tryptamine and tryptophan with myris-
toyl chloride.

Mpyristoyl chloride. Thionyl chloride was added
dropwise to a stirred and cooled solution of myris-
tic acid in CH,Cl,. The product was purified by
distillation under reduced pressure. IR (KBr),
2920, 2850, 1800, 1468, 1405, 980, 955, 725 cm ~ ",
"H-NMR (CDCl,) ¢ 0.8-0.9 (t, 3H), 1.2-1.6 (m,
22H), 2.9 (t, 2H).

N-myrTAM. A solution of myristoyl chloride in
CH,Cl, was added to a cool and stirred mixture of
tryptamine and K,CO; in CH,Cl,. The reaction

mixture was heated under reflux for 20 h, allowed
to cool at room temperature and filtered. The
organic layer was washed three times with water
and dried with MgSO,; the solvent was removed
and the residue was purified by silica column
chromatography. The elution solvent was chloro-
form/methanol (24:1, v/v). The product was nega-
tive to the ninhydrin reaction. TLC R, = 0.82 run
in chloroform/methanol (24:1, v/v). Melting
point = 104-105°C. IR (KBr), = 3401. 3249,
3085, 2933, 2841, 1653, 1637, 1571, 1466, 1097, 744
cm ' 'H-NMR (CDCl,) § 0.8-0.9 (t, 3H), 1.2—
1.6 (m, 22H), 2.1-2.2 (t, 2H), 3.0 (t, 2H), 3.6 (t,
2H). 5.7 (bs, 1H), 7.0-7.6 (m, 4H .. |H CH indol),
8.1 (bs, 1H NH indol). The extintion coeficient is
54294 M ' cm ! in ethanol at 280 nm.

N-MyrTRP. A suspension of tryptophan and
K,CO; in dry dimethylformamide was added
dropwise to a solution of myristoyl chloride in
CH,Cl,. The mixture was stirred at 80°C for 4 h.
The reaction mixture was concentrated and treated
with 20 ml of CH,Cl,. After removing the precipi-
tate, the filtrate was washed with water dried with
MgSO, and the solvent evaporated. The residue
was chromatographed on silica column. The elu-
tion solvent was chloroform/methanol (9:1, v/v).
The eluate was evaporated under reduced pressure.
The product was negative to the ninhydrin reac-
tion. TLC R; = 0.35 run in chloroform/methanol
(9:1, v/v). Melting point=150-152°C. IR
(KBr), . 3840, 3401, 3361, 2927, 2854, 1727,
1649, 1558, 1445, 1240, 1211, 738 cm ' 'H-NMR
(CDCl;) o 0.8-0.9 (t, 3H). 1.2-1.6 (m, 22H)
2.1-2.2 (t, 2H), 3.4 (d, 2H), 4.9 (t. 1H), 6.1 (bs,
1H). 7.0-7.6 (m, 4H,,, 1H CH indole) 8.3 (bs, |H
NH indole). The extintion coeficient is 53 497 M !
cm ! in ethanol at 280 nm.

11-TAMundec. The synthesis was made in two
steps. N-Br succinimide was added to a solution of
undecylenic acid methyl ester in C1,C. The reaction
mixture was exposed to continuous UV radiation
for 4 h. The 9-Br-10-undecenoic acid methyl ester
reaction product was added to a suspension of
tryptamine and K,CO, in dimethylsulfoxide. The
mixture was stirred at 25°C for 5 h, obtaining two
products: 9-tryptamine-10-undecenoic acid methyl
ester and 11-tryptamine-9-undecenoic acid methyl
ester with a reaction yield of 20% and 80%,
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respectively. The products were chromatographed
on silica column. The elution solvent was chloro-
form/benzene/methanol  (15:5:2, v/v). TLC
R,=0.88 run in chloroform/methanol (24:1 v/v).
IR (KBr), 3374, 3286, 2933, 2854, 1740, 1675,
1621, 1461, 1443, 1231, 746 cm~' ‘H-NMR
(CDCl;) 0 1.3 (m, 8H), 1.6 (m, 2H) 2.0 (q, 2H), 2.3
(t, 2H), 3 (t, 2H), 3.55 (t, 2H), 3.65 (s, 3H) 3.8 (d,
2H), 5.5 (m, 2H), 7-7.6 (m, 4H,,, 1H CH indole),
8.0, (bs 1H NH indole). The extintion coeficient is
54325 M~!' cm "' in ethanol at 280 nm. The
product was negative to the ninhydrin reaction.

2.3. Methods

Stock solutions of all probes and lysoPC were
stored in chloroform/methanol (2:1, v/v) and in
chloroform/methanol/NaOH 20 mM (60:30:4.5,
v/v) for TBG and Gy, gangliosides. Samples were
prepared by mixing lipid and probe (100:1, molar
ratio) from the stock solutions and removing the
solvent with a stream of N,. Then the sample was
left under vacuum overnight. The dry lipid/probe
mixtures were hydrated in buffer Tris—HCI 20
mM/NaCl 50 mM pH 7.4 for 2 h at 60°C, and
vortexed. The final probe concentration in the
samples was 1 or 3 uM as indicated in the legends
of the figures. According to the lipid/probe molar
ratio used in all the experiments we assume a
random distribution of the probe in the micelle.

Corrected fluorescence steady-state spectra were
recorded with a SLM-Aminco Spectrofluorimeter
model 4800 C with thermostatized cell holder
equipped with a magnetic stirrer. Fluorescence
intensity was corrected by inner filter effects [19]
and dilution. All the fluorescence experiments
were done in quadruplicate at 25°C. The 4,,,, from
the emission spectra was determined by the first
derivative using the original software from SLM.
The excitation wavelength was 295 nm in all
fluorescence experiments. The fluorescence phase-
shift and modulation lifetime determinations were
measured at 30 and 18 MHz. The fiuorescence was
observed using a cut-off filter (310 nm) to elimi-
nate scattering radiation from the light source. In
the reference cell a solution of p-terphenyl in
ethanol was used to correct possible color effects
{20]. Data analyses were made according to the
software package of the SLM 4800C. Data were
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Fig. 2. Variation of /,, of the fluorescence emission spectra
of N-myrTRP in mixtures of dioxan with a protic or non-
protic second solvent: acetonitrile (1), methanol (A),
dimethylformamide (), water (V). The insert shows the
non-linear relation between /. and the proportion of the
second solvent between 0% and 10% where the specific solvent
effect is observed (see text).

collected until the standard deviation from each
measurement of phase and modulation were at
most 0.2 and 0.004, respectively. The dielectric
constant of the solvents mixtures were obtained as
described previously [21].

3. Results

3.1. Fluorescence properties of N-myrTRP,
N-myrTAM and 11-TAMundec in organic
solvent solution

The fluorescence of the indole group of N-
myrTRP N-myrTAM and 11-TAMundec is sensi-
tive to the polarity of the medium. The
fluorescence emission maximum (A4,,,,) shifts to the
red region of the spectra when the dielectric con-
stant of the solvent increases. Fig. 2 shows the
dependence of 4., of N-myrTRP in binary mix-
tures of dioxan with a protic solvent, methanol
and water, or with a non-protic solvent, dimethyl-
formamide and acetonitrile. It can be observed
that the increase in 4,,, with the dielectric con-
stant is steeper at lower proportions of the second
solvent ( < 10%). Similar results were obtained for
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N-myrTAM and 11-TAMundec. The small
changes in the dielectric constant due to the pres-
ence of the second solvent in the range of 0-10%
are not responsible for the steep increment in
/Amax- I this range the changes are mainly due to
specific solvent effect [22]. At proportions of the
second solvent above 10% the specific solvent
effect saturates and the changes in 4,,,, are due to
changes in the solvent dielectric constani. We
have used the range where A, increases linearly
with the dielectric constant (above 10% v/v of
water in dioxan) to obtain a correlation curves of
Zmax VS. dielectric constant for the three probes.
These relations were used to estimate the polarity
of the microenvironment of the different probes in
lysoPC and TBG micelles. Fig. 3 shows the de-
pendence of the emission maximum for N-
myrTRP and N-myrTAM in dioxan/water
mixtures as a function of the dielectric constant.
In the case of N-myrTAM, the curve was made
up to a dielectric constant ¢ of 42 due to the
formation of probe aggregates at higher water
proportions. The functional relationship between
Amax and ¢ 1s described by the following equations
fitted by linear regression:

¢= g, 4.03-1.355 (1)
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Fig. 3. The variation of /., of the fluorescence emission
spectra of N-myrTAM ([J), N-myrTRP (A) and 11-TAMun-
dec () with the dielectric constant, g in mixtures of dioxan/
water. The probe concentration was 1 gM.

&= Zmax 4.31-1.463 (2)

e= ., 5.72-1.929 (3)

Egs. I, 2 and 3 were for N-myrTRP N-myrTAM
and 11-TAMundec, respectively.

3.2. Fluorescence properties of N-myrTRP,
N-myrTAM and 11-TAMundec in IysoPC and
ganglioside micelles

For all probes we have measured the position
of the emission peak, the fluorescence quenching
by the soluble quencher acrylamide and the
fluorescence quenching by a brominated fatty acid
in micelles of lysoPC and TBG. These measure-
ments provide information about the location of
the indole group and its micropolarity in different
regions of the micelle. These probes are strongly
hydrophobic and the partitioning from the micelle
into the aqueous medium is practically null, lead-
ing to a negligible contribution to the fluorescence
signal from probe in the bulk water. In this
connection, using the lipid monolayers technique,
we have found that all probes form stable insolu-
ble isotherms with molecular areas within 0.55-
0.60 nm?/molecule at 15 mN-m ' (data not
shown).

The fluorescence emission from each indole
derivative in TBG was red-shifted compared to
lysoPC micelles. The shift in £, was independent
on the lipid/probe molar ratio greater than 10:1.
This indicates that the probe detects a more polar
environment in TBG or G,,, compared to lysoPC
micelles (Table 1). The positions of the emission
peak are summarized in Table 1. Inserting the
values of /., in Egs. 1-3, we calculated the
dielectric constant of the microenvironment of the
chromophores in lysoPC and TBG micelles (see
Table 1).

Comparing the results within the same type of
micelle it can be seen that the negatively charged
N-myrTRP detects a more polar environment
than the neutral N-myrTAM. On the other hand
11-TAMundec, with the indole group attached at
position 11 of the hydrocarbon chain, detects the
less polar environment. All the probes have the
same emission maximum if the ionic strength of
the buffer is increased to 0.25 M NaCl
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Tabie 1

Fluorescence emission maximum of N-myrTRP, N-myrTAM
and 11-TAMundec and the dielectric constant detected in
lysoPC and gangliosides micelles

Mixture (lipid/probe)* Amax (nm) &

lysoPC/N-myrTRP 345 35
lysoPC/N-myrTAM 344 20
lysoPC/11-TAMundec 340 17
Gpy/N-myrTRP 347 43
Gpni/N-myrTAM 347 33
G, /11-TAMundec 341 21
TBG/N-myrTRP 348 47
TBG/N-myrTAM 347 33
TBG/11-TAMundec 342 22

“Lipid/probe ratio 100:1.

The exposure of the indole group to the
aqueous medium was evaluated by quenching the
fluorescence emission of the probes by acrylamide
(Fig. 4 and Table 2). We used a modified form of
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Fig. 4. Stern-Volmer plots for the quenching with acrylamide
of the fluorescence from N-myrTRP in Tris—HCl 20 mM/
NaCl 50 mM pH 7.4 (open symbols) and in TBG micelles
(closed symbols). The lipid/probe molar ratio was 100:1. The
total probe concentration was 3 #M. The Stern-Volmer rela-
tions are as follows: F,/F, (O); t,/t, (V); and F,/Fe*1Q ().

the Stern-Volmer equation which allows to evalu-
ate the contribution from the static quenching
[23]:

FJF = el + Ksv[QD) 4)

where F and F_ are the fluorescence intensities in
the presence and in the absence of quencher Q,
respectively; K, is the Stern-Volmer constant

sV

defined as
st = Tokq

where 1, is the fluorescence lifetime in the absence
of quencher k, is the collisional rate constant for
the quenching process; V is the static quenching
constant [23]. K, and V were obtained from the
best fit of the experimental data to Eq. 4. The &,
values were calculated using the experimental 7,
values shown in Table 2. The rate constant & (for
the collisional component of quenching) is a ki-
netic measure of the exposure of the indole group
to the aqueous medium [23, 24]. A general trend
can be extracted from the values shown in Table
2. Higher values of k, were obtained for the
quenching of the indole group of each probe when
inserted into lysoPC compared to TBG micelles.
Also, slightly higher values of k, were found for
N-myrTRP compared to N-myrTAM whatever
the type of the lipid-forming micelle. These results
indicate that N-myrTRP is a little more accessible
than N-myrTAM. As expected, even lower values
of k, were observed for 11-TAMundec in lysoPC
and TBG micelles indicating a smaller accessibil-
ity of the indole group to the aqueous medium
(see Table 2). Additional information on the chro-
mophore accessibility can be obtained from the
value of the static quenching constant V. This
parameter measures the probability of finding a
quencher molecule next to the indole group in the
ground-state level [23]. It should be noticed that
larger values of V for N-myrTAM and N-
myrTRP were obtained in TBG than in lysoPC
(see Table 2). Negligible values of V, which indi-
cates absence of static quenching, were obtained
for the indole group in the 11-TAMundec probe.
Fig. 4 shows the classical Stern-Volmer plot (F,/F
vs. concentration of quencher) for N-myrTRP
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Table 2

Quenching parameters for the interaction of the indole group of N-myrTRP, N-myrTAM and 11-TAMundec in lysoPC and

gangliosides micelles with the soluble acrylamide quencher

Mixture (lipid/probe)* K, (M V(M 7, (ns) kyx1077 (M7 's™h
lysoPC/N-myrTRP 7.42 0.108 6.54 1.135
lysoPC/N-myrTAM 7.49 0.409 7.38 1.015
lysoPC/11-TAMundec 4.33 ~0 6.58 0.660
TBG/N-myrTRP 6.58 0.690 6.65 0.989
TBG/N-myrTAM 5.87 0.979 6.69 0.878
TBG/!1-TAMundec 4.40 ~0 7.10 0.620
N-myrTRPP 27.33 2.992 5.10 5.359

“Lipid/probe ratio 100:1.
®Below its critical micelle concentration (CMC).

below its CMC and inserted into TBG micelles.
This figure also shows the modified Stern-Volmer
plot (F,/Fe'"1?) and the dynamic relation (t,/7,
where 7 is the fluorescence lifetime in presence of
quencher) vs. concentration of quencher. Up-
wards bending in the classical Stern-Volmer plots
is observed for the quenching of pure N-myrTRP
at a concentration below the critical micellar con-
centration or inserted into TBG micelles (see Fig.
4). Similar behavior was found for N-myrTRP in
lysoPC micelles and N-myrTAM in lysoPC and
TBG micelles (data not shown).

A plot of ./t vs. quencher concentration
reflects the dynamic contribution to the quenching
and it is described by the classical Stern-Volmer
equation which does not include the factor ex-
p(VQ)) (see ref. [23]). The values for V calculated
by fitting the experimental results to Eq. 4 are
shown in Table 2. The calculated values of F./
Fe"?l were plotted vs. quencher concentration
(Fig. 4). The linear plot obtained in this way
agrees with the experimental relation of 7./t vs.
quencher concentration. Taken these findings to-
gether, it can be concluded that K, and V values
shown in Table 2 represent correctly both the
dynamic and static contribution to the quenching
process.

Further assessment for the location of the
probes was obtained by quenching the fluores-
cence with a fatty acid dibrominated at position 9
and 10 of the acyl chain. Bromides are located in
the hydrophobic core of the micelles and a

fluorophor localized at this region will be more
quenched than those located near to the polar
head group/water interface. Bromolipids were
previously defined as short range quenchers and
quenching becomes significant only when the
tryptophan and bromides are very close [25]. It
has been demonstrated that bromolipids are capa-
ble of determining the position of a tryptophan in
a membrane [25, 26]. A distance of 10-12 A of
the bromides from the head group/hydrocarbon
interface can be estimated for the case that the
bromides are localized at position 9-10 of the
fatty acid acyl chain [26]. As expected the indole
of 11-TAMundec is more quenched than N-
myrTRP and N-myrTAM that have the indole
group more exposed to the aqueous medium
(Table 3). The extent of the quenching of 11-

Table 3

Interaction of the indole group of N-myrTRP, N-myrTAM
and 11-TAMundec in lysoPC and gangliosides micelles with
the hydrophobic brominated fatty acid quencher

Mixture (lipid/probe) % of quenching

lysoPC/N-myrTRP 2

lysoPC/N-myrTAM 2
lysoPC/11-TAMundec 20.5
TBG/N-myrTRP 0
TBG/N-myrTAM 0
TBG/11-TAMundec 17

“Lipid/probe/quencher ratio 100:1:20.
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TAMundec is similar either in lysoPC or TBG
micelles (see Table 3). Quenching of N-myrTRP
or N-myrTAM with the brominated fatty acid did
not occur in TBG micelles. For lysoPC micelles,
the quenching of N-myrTRP caused by the brom-
inated fatty acid was almost negligible whereas
the extent of quenching reaches 8% for N-myr-
TAM (about 40% less quenchable than the hydro-
phobic 11-TAMundec, Table 3).

4. Discussion

The probes we have synthesized with the indol
group attached at different region of a fatty acid
are intended to give a more rational information
about the localization and the environment that
they are sensing (Fig. 1). Comparison of the posi-
tion of the emission peak with those observed in
solvent mixtures of different dielectric constant
indicates that the microenvironment sensed by all
probes in the gangliosides micelles is more polar
than in lysoPC micelles.

The negatively charged N-MyrTRP detects a
more polar microenvironment than the neutral
N-MyrTAM. N-MyrTAM senses a dielectric con-
stant of 33 in TBG micelles, about 14 units lower
than the value of &¢=47 measured with N-
MyrTRP (Table 1). These values are similar to
those measured at the surface of micelles for
several detergents [27]. The range of the dielectric
constant observed in lysoPC micelles is similar to
the value measured with MC-540 in egg phos-
phatidylcholine vesicles [28] and the same differ-
ence of about 14-15 dielectric constant units
between both probes was measured in lysoPC
micelles (Table 1).

The higher polarity observed in TBG can be
due to a real difference in the micropolarity or to
a different location of the probes. Quenching of
the fluorescence with the water-soluble, electri-
cally neutral quencher acrylamide indicates that
N-myrTRP and N-myrTAM are slightly more
accessible to the aqueous medium in lysoPC com-
pared to TBG micelles (see the &, values in Table
2). In spite of the lower accessibility, the polarity
of the microenvironment detected by all probes in
ganglioside micelles are higher. This suggests that
the more polar environment detected by these

probes in TBG is mainly due to the intrinsic
differences between both type of interfaces.
Within the same type of micelles, slightly larger
values of k, are observed for N-myrTRP com-
pared to N-myrTAM. It is reasonable to expect
that the negative charge at the polar head group
of N-myrTRP probe requires to be located closer
to the aqueous medium. The higher values of
static quenching constant V together with lower
values of dynamic constant k, found for N-
myrTRP and N-myr TAM in ganglioside micelles
compared to lysoPC aggregates (Table 2) indi-
cates a higher concentration of the quencher with
a restriction for diffusion at the ganglioside head
group region.

On the other hand, the indole in 11-TAMundec
is clearly less exposed than the other probes either
in lysoPC or TBG micelles. According to the &,
and V values (Table 2) and the extent of quench-
ing by the brominated fatty acid (Table 3, see
below) it can be deduced that the location of the
indole group in [1-TAMundec probe is the same
in both kind of micelles. Because the location is
similar, the differences detected in the fluorescence
emission spectra (Table 1) indicate that the inner
core in TBG is more polar than in lysoPC mi-
celles. This may be because the large and hydrated
polar head group of gangliosides produces a
higher gradient of polarity towards the hydropho-
bic core.

Quenching of the fluorescence with the 9-10
brominated fatty acid in lysoPC micelles indicates
that the indole group in the N-myrTRP is more
distant from the inner core than the indole group
in the N-myrTAM. Because more quenching is
observed, we can conclude that 11-TAMundec
sets its indole group deeper in the micelle (Table
3). The location of the probes according to this
criteria is in complete agreement with the results
from the acrylamide quenching experiments
(Table 2, see above). If we correlate the location
of the indoles with the polarity estimated we can
conclude that a gradient of polarity is observed.
Taking into account all the results, we suggest
that the indole group in N-myrTRP probe which
1s closer to the aqueous medium detects the envi-
ronment near the polar head group; the indole in
N-myrTAM which is little more buried detects the



L.A. Bagatolli et al. | Chemistry and Physics of Lipids 78 (1995) 193-202 201

environment of the interfacial region correspond-
ing to the glycerol backbone and the buried indole
in 11-TAMundec detects the hydrocarbon core
region. Even though we have not precisely deter-
mined independently the position of the bromide
atoms in the micelles, it is clear that the distance
between the bromides and the indole of N-
myrTRP and 11-TAMundec in TBG is larger
than in the lysoPC micelles because no quenching
is observed (Table 3).

The present work expands our previous studies
on the micropolarity of interfaces containing gan-
gliosides [14, 15]. Even if slight differences in the
location of the probes contributes to the differ-
ences in the emission spectra of probes in lysoPC
compared to the ganglioside micelles, our results
strongly suggest that the inner core and the polar
head group region of ganglioside-containing mi-
celles are more polar than the corresponding re-
gions of lysoPC micelles.

The consensus dielectric constant gradient in a
bilayer was about 70 from the membrane aqueous
surface to 5 at the bilayer center [29]. Using the
indole-derivative probes we have found that there
is dielectric constant gradient between the polar
head group region to the inner core ranging from
35 to 17 and from 47 to 22 for LysoPC and
gangliosides micelles, respectively (Table 1). The
values found for the hydrophobic core is in agree-
ment with the higher value expected for a more
hydrated center of the micelle compared to the
more rigid packed bilayer. The steepness of the
gradient in an amphiphile lipidic structure will
depend on the degree of hydration and the water
penetrating capability given by the type of the
lipid, head group, physical state and topological
properties of the lipid organization.
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