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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 l l-N(2-[3-in- 
dolyl]ethylamino)-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-modulat ion 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 - m y r T R P  and N - m y r T A M  are more 
exposed to the aqueous medium than the indole group of  l l -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: l l -TAMundec  > N - M y r T A M  > N - M y r T R P  in lysoPC micelles whereas in TBG micelles only 
1 l -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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I. 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, l l-TAMundec, was made 
by attaching the tryptamine to the C~t 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 ftuorophor 
in the micelle in a more predictable manner. We 
have chosen the indole group because its spectro- 

(a) (b) (c) 

% 

< 
< 

~N O~"/OH 

Fig. 1. Formulae of (a), N-myrTRP: (b), N-myrTAM: and (c), 
1 l-TAMundec. 



L.A. Bagatolli et al. (Twmistry and Physics o1 Lipids 78 (1995) 193 202 195 

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 recrystallized from 
methanol solution before synthesis. L-tryptophan, 
L-tryptamine, L-~-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. GM~ was ob- 
tained as described previously [18] and total bovine 
brain gangliosides (TBG, 21% Gr,~, 42% Gi)la , 

18% GDJb, and 19% GTlb) were a gift from Labo- 
ratorios Beta, Buenos Aires, Argentina. The sol- 
vents used for probes synthesis were purchased 
from Merck (C6rdoba, 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. 

M.vris'toyl chloride. Thionyl chloride was added 
dropwise to a stirred and cooled solution of  myris- 
tic acid in CH2C12. The product was purified by 
distillation under reduced pressure. IR (KBr),. ...... 
2920, 2850, 1800, 1468, 1405, 980, 955, 725 cm ~. 
~H-NMR (CDC13) d 0.8-0.9 (t, 3H), 1.2 1.6 (m, 
22H), 2.9 (t, 2H). 

N-myrTAM. A solution of myristoyl chloride in 
CH2C12 was added to a cool and stirred mixture of 
tryptamine and K~CO3 in CHzCI 2. 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 MgSO4; 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 r - 0 . 8 2  run 
in chloroform/methanol (24:1, v/v). Melting 
p o i n t =  104 105°C. IR (KBr),. ..... 3401, 3249, 
3085, 2933, 2841, 1653, 1637, 1571, 1466, 1097, 744 
cm ~. ~H-NMR (CDC13) d 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, 4HA,., IH CH indol), 
8.1 (bs, I H NH indol). The extintion coeficient is 
54 294M ~cm ~ in ethanol at 280 nm. 

N-MyrTRP. A suspension of tryptophan and 
K2CO3 in dry dimethylformamide was added 
dropwise to a solution of myristoyl chloride in 
CH2C12. The mixture was stirred at 80°C for 4 h. 
The reaction mixture was concentrated and treated 
with 20 ml of CH~CI2. After removing the precipi- 
tate, the filtrate was washed with water dried with 
MgSO4 and the solvent evaporated. The residue 
was chromatographed on silica column. The elu- 
tion solvent was chloroform/methanol (9:1, w'v). 
The eluate was evaporated under reduced pressure. 
The product was negative to the ninhydrin reac- 
tion. TLC Rr = 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 i IH_NM R 
(CDCI3) d 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, 
IH), 7.0-7.6 (m, 4HAt, 1H CH indole) 8.3 (bs, IH 
NH indole). The extintion coeficient is 53 497 M J 
cm l in ethanol at 280 nm. 

11-TA Mundec. The synthesis was made in two 
steps. N-Br succinimide was added to a solution of 
undecylenic acid methyl ester in CLC. 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 K2CO 3 in dimethylsulfoxide. The 
mixture was stirred at 25°C for 5 h, obtaining two 
products: 9-tryptamine-10-undecenoic acid methyl 
ester and 1 l-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 r = 0.88 run in chloroform/methanol  (24:1 v/v). 
IR  (KBr)~.m~,~ 3374, 3286, 2933, 2854, 1740, 1675, 
1621, 1461, 1443, 1231, 746 cm ~ ZH-NMR 
(CDC13) 6 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, 4HA~, 1H CH indole), 
8.0, (bs 1H N H  indole). The extintion coeficient is 
54 325 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 
ch loroform/methanol /NaOH 20 mM (60:30:4.5, 
v/v) for T B G  and GM~ 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  Nz. Then the sample was 
left under vacuum overnight. The dry lipid/probe 
mixtures were hydrated in buffer T r i s - H C l  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/~M 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 "~rnax 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 modulat ion lifetime determinations were 
measured at 30 and 18 MHz. The fluorescence 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]. Da ta  analyses were made according to the 
software package of the SLM 4800C. Data  were 
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Fig .  2. V a r i a t i o n  o f  ,~ ..... o f  t he  f l u o r e s c e n c e  e m i s s i o n  s p e c t r a  

of N-myrTRP in mixtures of dioxan with a protic or non- 
protic second solvent: acetonitrile ([]), methanol (zS). 
dimethylformamide (~), water (V). The insert shows the 
non-linear relation between 2m~ ~ 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 l l-TAMundec in organic 
solvent solution 

The fluorescence of the indole group of N- 
myrTRP  N-myrTAM and l l -TAMundec is sensi- 
tive to the polarity of  the medium. The 
fluorescence emission maximum (2 ... .  ) shifts to the 
red region of  the spectra when the dielectric con- 
stant of  the solvent increases. Fig. 2 shows the 
dependence of 2m,x 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 2m,x 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 l l -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 
,i ..... . In this range the changes are mainly due to 
specific solvent effect [22]. At proport ions of  the 
second solvent above 10% the specific solvent 
effect saturates and the changes in 2m, × are due to 
changes in the solvent dielectric constant. We 
have used the range where Zma x increases linearly 
with the dielectric constant (above 10% v/v of 
water in dioxan) to obtain a correlation curves of  
2 ...... 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 - m y r T A M  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 e of  42 due to the 
formation of probe aggregates at higher water 
proportions. The functional relationship between 
2 ...... and c is described by the following equations 
fitted by linear regression: 

c--  ), ..... 4.03 1.355 (1) 

3 5 8  ~ . . . .  ~ . . . .  ~ . . . .  7 . . . .  ~ . . . .  ~ . . . .  r . . . .  ~ ' ~ 7  ~ ' -  
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Fig. 3. The variation of  2 , ,~  of  the fluorescence emission 
spectra of  N-myrTAM (D),  N-myrTRP (A)  and l l - T A M u n -  
dec ( ) )  with the dielectric constant,  e, in mixtures of  dioxan/ 
water. The probe concentration was 1 ,uM. 

e =  2 ..... 4.31 1.463 (2) 

c =  2 ..... 5.72 1.929 (3) 

Eqs. 1, 2 and 3 were for N - m y r T R P  N-myrTAM 
and 11-TAMundec, respectively. 

3.2. Fluorescence properties of N-myrTRP, 
N-myrTAM and ll-TAMundec in lvsoPC 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 nm2/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 2 ...... 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 GM~ compared to lysoPC 
micelles (Table 1). The positions of  the emission 
peak are summarized in Table 1. Inserting the 
values of  ). ...... in Eqs. 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 
l l -TAMundec,  with the indote 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 NaC1. 
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Table 1 
Fluorescence emission maximum of N-myrTRP, N-myrTAM 
and l l-TAMundec and the dielectric constant detected in 
lysoPC and gangliosides micelles 

Mixture (lipid/probe) a 2 .... (nm) c 

lysoPC/N-myrTRP 345 35 
lyso PC/N-myrTA M 344 20 
lysoPC/1 l-TAMundec 340 17 

GM1/N-myrTRP 347 43 
G M i/N-myrTAM 347 33 
GMI/11-TAMundec 341 21 

TBG/N-myrTRP 348 47 
TBG/N-myrTAM 347 33 
TBG/l 1 -TAM undec 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 HCI 20 raM/ 
NaC1 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 /tM. The Stern-Volmer rela- 
tions are as follows: Fo/F, (O); to/r, (V); and Fo/Fe viol, (D). 

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

Fo/F = e VIQ](1 + Ksv[Q]) (4) 

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

Ksv = zokq 

where ro is the fluorescence lifetime in the absence 
of  quencher kq is the collisional rate constant for 
the quenching process; V is the static quenching 
constant [23]. Ksv and V were obtained from the 
best fit of  the experimental data to Eq. 4. The kq 

values were calculated using the experimental r,, 
values shown in Table 2. The rate c o n s t a n t  kq ( fo r  

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 kq 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 kq 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 kq were  observed for 11-TAMundec in lysoPC 
and TBG miceiles 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 l l -TAMundec probe. 
Fig. 4 shows the classical Stern-Volmer plot (Fo/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 l l-TAMundec in lysoPC and 
gangliosides micelles with the soluble acrylamide quencher 

Mixture (lipid/probey ~ Ks,. (M- 1) V(M -I) r,, Ins) kq × 10 '; (M I.s i) 

lysoPC/N-myrTRP 7.42 0.108 6.54 I. 135 
lysoPC/N-myrTA M 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/11 -TAM undec 4.40 ~ 0 7.10 0.620 

N-myrTRP b 27.33 2.992 5.10 5.359 

aLipid/probe ratio 100:1. 
bBelow its critical micelle concentration (CMC). 

below its CMC and inserted into TBG micelles. 
This figure also shows the modified Stern-Volmer 
plot (Fo/Fe I~')1~) and the dynamic relation (to/r, 
where r 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 miceiles (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 ro/r 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(V[Q]) (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 Fo/ 
F e  v[Q] we re  plotted vs. quencher concentration 
(Fig. 4). The linear plot 6btained in this way 
agrees with the experimental relation of ro/r vs. 
quencher concentration. Taken these findings to- 
gether, it can be concluded that Ksv 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 • 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 l l -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 ll-TAMundec in lysoPC and gangliosides micelles with 
the hydrophobic brominated fatty acid quencher 

Mixture (lipid/probe) 'l % of quenching 

lysoPC/N-myrTRP 2 
lysoPC/N-myrTAM 8.2 
lysoPC/1 I-TAMundec 20.5 

TBG/N-myrTRP 0 
TBG/N-myrTAM I) 
TBG/I 1 -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 l l -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 e = 4 7  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- 
phatidyicholine 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 kq 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  kq 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 kq 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 k~ 
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 l l -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 l l -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 
is 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 
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env i ronment  o f  the interfacial  region co r r e spond-  
ing to the glycerol  b a c k b o n e  and the bur ied  indole  
in l l - T A M u n d e c  detects  the h y d r o c a r b o n  core 
region.  Even though  we have not  precisely deter-  
mined independen t ly  the pos i t ion  o f  the b romide  
a toms  in the micelles, it is clear  tha t  the dis tance 
between the b romides  and the indole  o f  N-  
m y r T R P  and l l - T A M u n d e c  in T B G  is larger  
than  in the lysoPC micelles because no quenching  
is observed  (Table  3). 

The  present  work  expands  our  previous  studies 
on the mic ropo l a r i t y  o f  interfaces con ta in ing  gan-  

gl iosides [14, 15]. Even if  slight differences in the 
loca t ion  o f  the p robes  con t r ibu tes  to the differ- 
ences in the emission spect ra  o f  p robes  in lysoPC 
c o m p a r e d  to the gangl ios ide  micelles, our  results  
s t rongly  suggest that  the inner  core and the p o l a r  
head g roup  region o f  gangl ios ide-conta in ing  mi- 
celles are more  po la r  than  the co r r e spond ing  re- 
gions o f  lysoPC micelles. 

The  consensus  dielectr ic cons tan t  g rad ien t  in a 
b i layer  was abou t  70 f rom the m e m b r a n e  aqueous  
surface to 5 at the b i layer  center  [29]. Using  the 
indole-der iva t ive  probes  we have found  that  there  

is dielectr ic  cons tan t  g rad ien t  between the p o l a r  
head g roup  region to the inner core ranging  f rom 
35 to 17 and f rom 47 to 22 for  L y s o P C  and 
gangl ios ides  micelles, respectively (Table  1). The 
values found  for  the h y d r o p h o b i c  core  is in agree- 
ment  with the higher  value expected for  a more  
hydra t ed  center  o f  the micelle c o m p a r e d  to the 
more  rigid packed  bilayer.  The  steepness of  the 
grad ien t  in an amph iph i l e  l ipidic s t ructure  will 
depend  on the degree o f  hyd ra t ion  and the water  
pene t ra t ing  capabi l i ty  given by the type o f  the 
l ipid,  head group,  physical  state and  topolog ica l  

p roper t ies  o f  the l ipid o rgan iza t ion .  

Acknowledgements 

This work  was suppor t ed  in par t  by grants  
f rom C O N I C O R  S e C y T - U N C ,  F u n d a c i 6 n  An- 
to rchas  and C O N I C E T .  G D F  and J D P  are mem- 
bers o f  the C O N I C E T  Inves t iga tor  Caree r  and  
LAB is a C O N I C E T  Fel low,  Argent ina .  The  au- 
thors  are grateful  to Prof.  Dr .  B. Magg io  for 
cri t ical  read ing  o f  the manuscr ip t .  

References 

[1] G. Tettamanti (1988) Towards the understanding of the 
physiological role of gangliosides, in: R.W. Ledeen, E.L. 
Hogan G. Tettamanti, A.J. Yates and R.K. Yu (Eds.), 
New Trends in Gangliosides Research: Neurochemical 
and Neuroregenerative Aspect Fidia Research Series, Li- 
viana Press, Padova, pp. 625 646. 

[2] R.K. Yu and M. Saito (1989) Structure and localization 
of gangliosides, in: R.U. Margolis and R.K. Margolis 
(Eds.) Neurobiology of Glycoconjugates Plenum Publish- 
ing Corporation, New York, pp. 1 42. 

[3] B. Maggio (1985) Geometric and thermodynamic restric- 
tions for the self-assembly of glycosphingolipids-phospho- 
lipids systems. Biochim. Biophys. Acta 815, 245-250. 

[4] B. Maggio, G.G. Montich and F.A. Cumar (1988) Sur- 
face topography of sulfatide and gangliosides in unilamel- 
lar vesicles of dipalmitoylphosphatidylcholine. Chem. 
Phys. Lipids 46 137 146. 

[5] B. Maggio, (1994) The surface behaviour of glycosphin- 
golipids in biomembranes: A new frontier of molecular 
ecology. Prog. Biophys. Mol. Biol. 62, 55 117. 

[6] B. Maggio, F.A. Cumar and R. Caputto (1978) Surface 
behavior of gangliosides and related glycosphingolipids. 
Biochem. J. 171, 559 565. 

[7] B. Maggio, F.A. Cumar and R. Caputto (1978) Configu- 
ration and interactions of the polar head group in gan- 
gliosides. Biochem. J. 189, 435 440. 

[8] A.P. Winiski, M. Eisemberg, M. Langner and S. 
McLaughlin (1988) Fluorescent probes of electrostatic 
potential 1 nm from the membrane surface. Biochemistry 
27, 386 392. 

[9] D. Bach, B. Sella and I.R. Miller (1982) Compositional 
aspects of lipid hydration. Chem. Phys. Lipids 31, 381 
394. 

[10] G.D. Fidelio, B. Maggio and F.A. Cumar (1982) Interac- 
tion of soluble and membrane proteins with monolayers 
of glycosphingolipids. Biochem. J. 203, 717 725. 

[11] G.D. Fidelio, B. Maggio and F.A. Cumar (1986) Interac- 
tion of melitin with glycosphingolipids and phospholipids 
in mixed monolayers at different temperatures. Effect of 
the lipid physical state. Biochim. Biophys. Acta 862, 
49 56. 

[12] P.F.J. Verhallen, R.A. Demel, H. Zwiers and W.H. Gis- 
pen (1984) Adrenocortic hormone (ACTH)-Iipid interac- 
tions. Implications for involvement of amphipatic helix 
formation. Biochim. Biophys. Acta 775, 246~ 254. 

[13] G.J. Brewer (1992) Polarity decrease at the adhesive 
junction between two model membranes containing gan- 
gliosides. Biochemistry 31, 1809 1815. 

[14] G.G. Montich, M.M. Bustos, B. Maggio and F.A. Cumar 
(1985) Micropolarity of interfaces containing anionic and 
neutral glycosphingolipids as sensed by merocyanine-540. 
Chem. Phys. Lipids 38, 319 326. 

[15] G.G. Montich, J.A. Cosa and B. Maggio (1988) Interac- 
tion of l-anilinonaphthalene 8-sulfonic acid with inter- 
faces containing cerebrosides, sulfatides and gangliosides. 
('hem. Phys. Lipids49, 111 117. 



202 L.A. Bagatolli et al. / Chemistry and Physics q[' Lipids 78 (1995) 193 202 

[16] D. Creed (1984) The photophysics and photochemistry of 
the near-UV absorbing amino acids. I. Tryptophan and 
its simple derivatives. Photochem. Photobiol. 39, 537- 
562. 

[17] Y. Chen, F. Gai and J.W. Petrich (1994) Single-exponen- 
tial decay of the nonnatural amino acid 7-azatryptophan 
and the nonexponential fluorescence decay of tryptophan 
in water. J. Phys. Chem. 98, 2203 2209. 

[18] G.D. Fidelio, T. Ariga and B. Maggio (1991) Molecular 
parameters of gangliosides in monolayers. Comparative 
evaluation of suitable purification procedures. J. 
Biochem. ll0, 12 16. 

[19] J.R. Lakowicz (Ed.) (1983) Instrumentation for fluores- 
cence spectroscopy, in Principles of Fluorescence Spec- 
troscopy, Plenun Press, New York pp. 49 47. 

[20] J.R. Lakowicz (Ed.) (1983) Measurement of fluorescence 
lifetimes, in Principles of Fluorescence Spectroscopy, Ple- 
nun Press, New York pp. 87 89. 

[21] J. Bramhall (1986) Phospholipid packing asymmetry in 
curved membranes detected by fluorescence spectroscopy. 
Biochemistry 25, 3479 3486. 

[22] J.R. Lakowicz (Ed.) (1983) Effects of solvents on fluores- 
cence emission spectra, in Principles of Fluorescence 
Spectroscopy, Plenun Press, New York, pp. 201-205. 

[23] M.R. Eftink and A. Ghiron (1976) Fluorescence quench- 
ing of indole and model micelle systems. J. Phys. Chem. 
80 486 493. 

[24] M.R. Eftink and C.A. Ghiron (1976) Exposure of tryp- 
tophanyl residues in proteins. Quantitative determination 
by fluorescence quenching studies. Biochemistry 15,672- 
680. 

[25] E.J. Bolen and P.W. Holloway (1990) Quenching of tryp- 
tophan fluorescence by brominated phospholipids. Bio- 
chemistry 29, 9638- 9643. 

[26] T.J. Mclntosh and P.W. Holloway (1987) Determination 
of the depth of bromine atoms in bilayers formed from 
bromolipid probes. Biochemistry 26, 1783 1788. 

[27] J.F. Tocanne and J. Teissie (1990) Ionization of phospho- 
lipids and phospholipids-supported interfacial lateral 
diffusion of protons in membrane model systems. 
Biochim. Biophys. Acta 1031, 111 142. 

[28] B. Ehrenberg and E. Peuzner (1992) Spectroscopic prop- 
erties of the potentiometric probe merocyanine-540 in 
solutions and liposomes. Photochem. Photobiol. 57, 228 
234. 

[29] C.D. Stubbs, C. Ho and S.J. Slater (1995) Fluorescent 
techniques for probing water penetration into lipid bilay- 
ers. J. Fluoresc. 5, 19 28. 


