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The complex petittivities of L-a-lysolecithin in the absence and presence of the gramicidin A ion channel were measured over the 
temperature range 0-6O’C and over the frequency range I-1000 MHz. One dielectric relaxation/loss has been observed. It is 
located at 103.3 MHz (1.54 ns) for a micellar 0.4 M L-a-lysolecithin solution ‘at 20 o C, whereas it is shifted to 71.7 MHz (2.22 ns) for 
a lamellar L-a-lysolecithin-gtamicidin A aqueous solution (0.4 M L-a-lysolecithin, 0.0308 M gramicidin A) at 20 o C. The dielectric 

relaxation decreases and the relaxation time increases when gramicidin A is incorporated into L-a-lysokithin. These dielectric 
changes are related, ia part, to the micellar-to-lamellar lipid phase transition induced by the incorporation of gramicidin A into 
lysokithin. We suggest that the diffuse rotational motion of the polar head group of L-a-lysolekthin contributes to the dielectric 
relaxation/loss at around 100 MHz. 

1. Introduction 

Gramicidin A is a pentadecapeptide forming a 

dimer when incorporated into L-a-lysolecithin. 

This dimer forms a b-helical conformation associ- 

ating amino end to amino end (head to head) by 

means of six hydrogen bonds to form a continu- 

ous lipid-spanning transmembrane channel about 

26 A in length [l-4]. 

This diier makes lipid biiayer membranes per- 

meable to small monovalent cations and water 

(for reviews, see refs. 5-7). Since the conformation 

of gramicidin A in phospholipid membranes and 

its molecular mechanism of ion transport are well 

known [8,9], it constitutes a useful model for 
studying the polypeptide-phospholipid interac- 

tions in biological membranes (for examples, see 

refs. 10-13). 

Correspondence address: R. Buchet, Department of Biochem- 
istry and Molecular Biology, State University of New York, 

Health Science Center, Syracuse, NY 13210, U.S.A. 

One point of particular interest is the effect of 
gramicidin A on the phase transition from the 
micellar to lamellar lipid structure. It has been 
demonstrated that thermal incubation of 
gramicidin A with lysolecithin micelles results in 
the formation of a lipid bilayer structure [14-161. 

Some dynamic properties of lipids in the pres- 
ence of gramicidin have been investigated by 
means of 31P-NMR [17], 13C-NMR [18] and ‘H- 
NMR [19]. The dynamic properties of gramicidin 
in phospholipid membranes have been recently 
investigated by means of ‘H-NMR spectroscopy 
[20]. In this respect, we could mention that dielec- 
tric relaxation spectroscopy may provide informa- 
tion on the dynamic properties of polar groups. 
The dielectric properties of micellar solutions [21] 
and bilayer solutions [22,23] have been reviewed. 
Recently, Kell and Harris [24], Pethig and Kell 
[25] and Foster and Schwan [26] have discussed 
the dielectric properties of membranes and bio- 
logical systems. 
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In order to examine further the dynamic prop- ducting an ultraviolet spectral analysis. Using a 
erties of polar groups in polypeptide-lipid systems, molar extinction coefficient of 2.25 x lo4 M-’ 
we have measured the dielectric relaxation of L-W cm-‘, the dimer concentration was found to be 
lysolecithin in the presence and absence of 15.4 mM. The state of incorporation of each sam- 
gramicidin A within the temperature range ple was checked by taking an aliquot of the solu- 
0-60°C and over the frequency range l-1000 tion, which was diluted with water followed by 
MHz. The temperature dependence of the dielec- determination of the CD spectra from 300 to 185 
tric spectra provides information on the activation mu. The CD spectrum characteristic of complete 
energy of the mobility of the polar group and on channel formation [28,29] was observed for all 
the effect of the micellar-to-lamellar phase transi- samples. Under these conditions of higher channel 
tion. Comparisons between the dielectric spectra concentration, L-cw-lysolecithin-packaged gramici- 
of the L-cll-lysolecithin and L-a-lysolecithin- din A solution forms large multilamellar struc- 
gramicidin A solutions are discussed. tures rather than micelles [14-16,271. 

2.3. Dielectric relaxation measurements 
2. Materials and methods 

2.1. Preparation of L-a-lysolecithin micelles 

r.,-a-Lysolecithin (Avanti Polar Lipids, Bir- 
mingham, AL) was used without further purifi- 
cation. 400 mM L-cy-lysolecithin was dissolved in 
’ H,O and sonicated three times for 3 min per 
cycle in a Heat Systems cell disruptor. 

Dielectric relaxation studies were carried out by 
the coaxial line/vector analyzer method [30,31]. 
The dielectric instrumentation used in this work 
has been described in a previous paper [32]. 

2.2. Preparation of lamellar L-a-lysolecithin packag- 
ing of gramicidin 

The preparation of the lamellar solution of 
L-ar-lysoleeithin-packaged gramicidin ion channel 
has been described previously [27]. As an over- 
view, gramicidin (naturally occurring gramicidii 
containing a mixture of gramicidin A, B and C 
from ICN Nutritional Biochemicals, Cleveland, 
OH) was used without further purification and 
was lyophilized. Gramicidin (40 mM) was added 
to the micellar L-rr-lysoleeithin solution (400 mM). 
The sample was vortex-mixed and sonicated twice 
for 6 min per cycle. The sample was incubated in 
a thermostatted bath at 70’ C for 36 h with soni- 
cation at intervals to disrupt the large particles 
formed during incubation. The sample was 
centrifuged at 3000 X g,,, for 30 min at room 
temperature to remove the denser particles. The 
supematant was directly used in subsequent char- 
acterizations. The concentrations of gramicidin di- 
mer was estimated by taking an aliquot of the 
supematant, diluting it with methanol and con- 

The phospholipid sample was injected into the 
dielectric cell and allowed to equilibrate at 60 o C. 
The cell temperature was decreased in 10 o C steps 
from 60 to 0’ C. After each temperature had been 
reached, the sample was allowed to equilibrate for 
30 min before data collection began. 61 logarith- 
mic scale data points were collected for the 
frequency range l-1000 MHz. For the second run, 
the sample was allowed to equilibrate at 0 o C for 
10 h. The cell temperature was then increased in 
10 a C steps from 0 to 60 O C. 

3. Results 

The results are depicted in fig. 1. This shows 
the real part (top) and the imaginary part (bot- 
tom) of the dielectric permittivity of L-a-lysole- 
cithin over the frequency range l-1000 MHz and 
temperature range O&O0 C. From the imaginary 
part of the dielectric permittivity a conductivity 
term has been subtracted. The conductivity term 
reflects the dielectric properties of the free ions (as 
impurities) in water. Table 1 lists the conductivity 
values. For the three-dimensional plots, linear seg- 
ments connected each pair of experimental data 
points. Fig. 1 clearly shows the dispersion region 
and the corresponding dielectric loss. This dielec- 
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Frequency, MHz 

Fig. 1. The real part (top) and imaginary part (bottom) of the dielectric permittivity of 0.4 M L-a-lysolecithin in ‘Hz0 solution over 
the temperature range O-60 ’ C over the frequency range l-1000 MHz. From the imaginary part of the dielectric permittivity the 
conductivity term (which represents mainly the dielectric properties of the free ions present in water) has been subtracted. The 

conductivity values are listed in table 1. The imaginary part of the dielectric spectrum contains a small contribution from the water 
spectrum, which appears within the gigahertz frequency range. 

Table 1 

Dielectric parameters of 0.4 M L-a-lysolecithin in * H,O 

Temperature 

(“C) 

0 

10 
20 
30 
40 
50 
60 

A% rZ (ns) (I 0 (X10-‘)(S/m) rsw 

25.7+1.2 3.0 f0.2 0.16 f 0.03 1.71 67.8 f0.8 

23.7k1.2 2.1 *0.2 O.llf0.03 2.44 66.6 *0.7 

21.7f1.2 1.54*0.1 0.07 f 0.04 3.23 65.Oil.O 

19.9*1.2 1.09 f 0.08 0.05 * 0.03 3.89 63.lkO.9 

17.2kl.O 0.88 f 0.09 0.01 f 0.01 4.65 63.0k0.9 

15.2*0.9 0.74 f 0.07 0.01 f 0.01 5.35 62.7 fl.1 

12.9* 1.2 0.65 f 0.04 0.01 f 0.01 5.89 60.9 f 1.1 
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Fig. 2. Temperature dependence of the real part of the dielectric permittivity of a 0.4 M L-a-lysolecithin solution in ‘H20 at 1 MHz 

(left) and 1MH) MHz (right). The first run (triangles) corresponds to measurements of the dielectric permittivity of the solution from 
60 to 0 OC. The second run (crosses) was begun after the solution had stood for 10 h at 0’ C and the temperature increased from 0 to 

60°r L. 

t&/relaxation loss is located at 103.3 MHz 
(20” C). The origin of this dielectric relaxation/ 
loss will be discussed below. 

Decreasing the temperature leads to a nearly 
linear increase in magnitude of the dielectric re- 
laxation. However, if the solution has been al- 
lowed to stand for 10 h at 0 o C, the magnitude of 
the dielectric relaxation decreases. Fig. 2 shows 
the temperature dependence of the real part of the 
permittivity at 1 MHz (left) and 1000 MHz (right). 
The first run (indicated by triangles) corresponds 
to measurement of the dielectric properties from 
60 to 0 o C. The second (shown by asterisks) began 
after the solution had stood at 0 o C for 10 h and 
was subjected to temperature increases from 0 to 
60 OC. The third run (not shown in fig. 2) is the 
same as the first, corresponding to measurements 
taken from 60 to 0 o C. 

The high-frequency range (1000 MHz) of our 
dielectric relaxation measurements corresponds to 
the dielectric permittivity of water, since that of 
L-a-lysolecithin could be neglected over this 
frequency range. The decrease in the real part of 
the dielectric permittivity of the L-a-lysolecithin 
solution (at 1000 MHz) during freezing of the 
L-a-lysolecithin solution at 0°C is attributed to a 
decrease in the fractional volume of water. This 

can be partly explained by the fact that freezing 
the L-a-lysolecithin solution at O°C induces a 
slow lipid phase transition from the micellar to 
lamellar conformation. 

From our dielectric measurements, it can be 
seen that the fractional volume of water is smaller 
in the lamellar state than in the mice&r state. 
Huang and Mason [33] have reviewed the micellar 
to lamellar transition of several mixed-chain phos- 
pholipids. In addition, Enders and Nimtz [34] and 
Grtinert et al. [35] have measured the dielectric 
properties within the gigahertz range of di- 
myristoylphosphatidylcholine (DMPC) and of di- 
palmitoylphosphatidylcholine (DPPC), respec- 
tively. They observed a ‘hysteresis effect’ on the 
dielectric permittivities of these bilayer phos- 
pholipids. While the nature of the phase transi- 
tions and their temperature transition differ from 
those of our L-a-lysolecithin solution, it is interest- 
ing to note that the earlier findings also suggest 
the release of water (i.e., a decrease in fractional 
volume of water within the phospholipids) during 
the lipid phase transition. 

The temperature dependence of the low- 
frequency range (1 MHz) of the real part of the 
dielectric permittivity (see fig. 2, left) also demon- 
strates the hysteresis effect, with a greater magni- 
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Fig. 3. The rei part (top) and imaginary part (bottom) of the dielectric permittivity of gramicidin A (30.8 mM) packaged into 
L-a-lysolecithin (0.4 M) over the temperature range 0-60°C and frequency range l-1000 MHz. From the imaginary part of the 
dielectric permittivity, the conductivity term has been subtracted (conductivities are listed in table 2). The imaginary part of the 
dielectric permittivity also shows a small contribution from the waler spectrum, which appears within the gigahertz frequency range, 

Table 2 

Dielectric parameters of the r-a-lysolecithin-gramicidin A solution in ‘Hz0 (0.4 M L-a-lysolecithin; 0.0308 M gramicidin A) 

Temperature 

(“C) 
A% 7r (ns) 4 0 (X10-3)(S/m) cmv 

0 19.8f0.8 4.97 f 0.1 0.26 + 0.03 1.94 59.4 0.5 f 

10 18.7 i 1.0 3.17*0.1 0.22*0.06 2.70 58.4 f 0.6 

20 17.7 f 1.0 2.22 f 0.08 0.19 & 0.06 3.51 57.3 0.4 * 

30 18.0* 1.4 2.00*0.20 0.25 0.12 f 4.44 55.6k0.9 

40 14.7 * 1.0 1.45f0.05 0.16 0.03 f 5.42 54.9 f 0.8 

50 13.0 f 1.0 1.30*0.09 0.16 0.07 f 6.37 54.3 0.7 f 

60 11.4*0.9 1.17*0.11 0.16 0.07 f 7.36 53.2f0.7 
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Fig. 4. The real part of the dielectric permittivities of L-a- 

lysoleeithin (triangles) and of L-a-lysolecithin-gramicidin A 

(crosses) at 20 ’ C and over the frequency range l-1000 MHz. 

The theoretical curve (full lines) was computed by using eq. 1. 

The respective Cole-Cole parameters are listed in tables 1 and 
I 

L. 

tude than that observed at 1000 MHz (fig. 2, 
right). The low-frequency range of the dielectric 
relaxation spectrum contains a superposition of 
the water and L-a-lysolecithin dielectric relaxation 
spectra. Indeed, it is natural to suspect that a part 
of the decrease in the real part of the dielectric 
permittivity during freezing could be due to the 
phospholipid. During the freezing process at 0” C, 

E’CI MHz> 

i 
60 . 

75 

70 

A 

i 

P 

I 

ff 

0 10 20 30 4@ 50 60 
T°C 

the decrease in fractional volume of water and the 
reduction of the dielectric permittivity of I-(Y- 

lysolecithin occur concomitantly in pure L-a- 
lysolecithin aqueous solution. 

Fig. 3 shows the temperature dependence of the 
real part (top) and imaginary part (bottom) of the 
dielectric permittivity of the lysolecithin-packaged 
gramicidin channel over the frequency range 
l-1000 MHz. The conductivity term has been 
subtracted from the imaginary part (table 2 lists 
the conductivity values). Fig. 3 is very similar to 
fig. 1. The dispersion region and the corre- 
sponding peak of dielectric loss are located at 71.7 
MHz for the lamellar L-a-lysolecithin-gramicidin 
A solution at 20 o C. However, the magnitude of 
the dielectric relaxation, as well as the relaxation 
time and the shape of the dielectric dispersion/ 
loss, are slightly different from that observed in 

the pure L-a-lysolecithin system. This is best seen 
in fig. 4 where the real parts of the dielectric 
permittivity of L-a-lysolecithin (triangles) and of 
L-a-lysolecithin-gramicidin A (crosses) are shown 
together. These differences are not due to a con- 
centration effect, since the concentration of L-a- 
lysolecithin is the same in both systems. The real 
part, of the dielectric permittivity of L-a-lyso- 
lecithin-gramicidin A solution (lame&u structure) 

E'C1000 MHz> 

70- 

65 

60 

a 

Fig. 5. Temperature dependence of the real part of the dielectric permittivity of L-a-lysolecithin-gramicidin A solution in ‘Ha0 (0.4 
M r,-a-lysolecithin and 0.0308 M gramicidin A) at 1 MHz (left) and 1000 MHz (right). The first run (triangles) corresponds to 
measurements of the dielectric permittivity from 60 to 0 o C. The second run (crosses) was begun after the solution had stood for 10 h 

at 0 ’ C and reflects the increase in temperature from 0 to 60 o C. 
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is smaller than that of the pure L-a-lysolecithin 

solution (micellar structure). 
These dielectric changes could be related to the 

micellar-to-lamellar transition induced by gramici- 
din A [14-161, or to the change in fractional 
volume of water (i.e., the fractional volume of 
water is smaller in the lamellar than in the micel- 
lar structure). 

With respect to these suggestions, it is interest- 
ing to analyze the temperature dependence effect 
on the r_.-a-lysolecithin-gramicidin A solution. Fig. 
5 illustrates the temperature dependence of the 
real part of the dielectric permittivity of the L-W 

lysolecithin-gramicidin A solution at 1 MHz (left) 
and 1000 MHz (right). The first run (triangles) 
corresponds to measurements of the dielectric per- 
mittivity from 60 to 0°C. The second (crosses) 
commenced after the L-cY-lysolecithin-gramicidin 
A solution had stood at 0°C for 10 h and corre- 
sponds to measurements of the dielectric permit- 
tivity from 0 to 60°C. Fig. 5 (L-1y-lysolecithin- 
gramicidin A solution) shows a similar but smaller 
hysteresis to that in fig. 2 (r_-a-lysolecithin solu- 
tion). Since the solution of L-a-lysolecithin- 
gramicidin A corresponds to a lamellar structure, 
the phase transition from the micellar to lamellar 
conformation (which has already been induced by 
the addition of gramicidin A) does not occur when 
the solution is frozen. 

4. Discussion 

There are several mechanisms to explain the 
dielectric relaxation of r.,-ar-lysolecithin and L-W 

lysolecithin-gramicidin A solutions. One may 
wonder whether the dielectric relaxation/loss ob- 
served in fig. 1 for L-rY-lysolecithin solution as well 
as in fig. 3 for L-a-lysolecithin-gramicidin A solu- 
tion could be due to Maxwell-Wagner effects. 
Since the conductivities of these solutions are low 
(of the order of low3 S/m), these effects cannot 
contribute to the dielectric relaxation around 100 
MHz (for similar accounts, see also refs. 21, 22 
and 36). 

The counterion dielectric relaxation could con- 
tribute to the dielectric spectrum in the low- 
frequency range (within the range 1 kHz-1 MHz, 

according to Schwan et al. [37]). The counter-ion 
dielectric relaxation originates from ionic impuri- 
ties or from counterions within the phospholipids 
and is sensitive to the presence of salts as pointed 
out by several authors [22,37,38]. However, the 
dielectric relaxation/loss observed around 100 
MHz is insensitive to the addition of monovalent 

ions (20 mM thallium acetate). 
In our opinion, the Maxwell-Wagner and wun- 

terions effects may contribute to the dielectric 
spectrum at around 1 MHz and below but not 
around 100 MHz. One may consider whether polar 
groups such as the zwitterionic group of ~-a- 

lysolecithin and water could contribute to this 
dielectric relaxation/loss around 100 MHz. It is 
well known that free or bulk water develops di- 
electric relaxation/loss centered at 22 GHz [39]. 
Several authors [22,23,40-431 have suggested that 
the dielectric relaxation/loss centered at 100 MHz 
originates from dipolar relaxation of the zwit- 
terionic group of the phospholipids. As pointed 
out by Kaatse and co-workers [43], the possibility 
cannot be excluded that ‘bound’ water may show 
unusual dielectric behavior and may contribute to 
the dielectric relaxation/loss around 100 MHz. 

As a summary, we suggest that the dielectric 
relaxation/loss centered at 100 MHz corresponds 
mainly to the rotational motion of zwitterionic 
groups of L-cy-lysolecithin (in accordance with the 
suggestions of several authors [21-23,40-431). 

This dielectric relaxation/loss can be expressed 
approximately by the mean of the Cole-Cole equa- 
tion [22,43]: 

0) 
Where E is the complex permittivity, t’ and c” 

the real and imaginary parts, respectively, of the 
dielectric permittivity, esw the permittivity of the 
solution (at 1000 MHz), AeoZ the amplitude of the 
dielectric relaxation, Q the relaxation time, a a 
parameter that describes the spread of the dielec- 
tric relaxation centered at frequency 1/2mr,, v the 
frequency of the alternating electric field, c0 the 
permittivity of a vacuum and u the conductivity 
term. 
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Since water (bulk or free water) develops di- 
electric relaxation with the gigahertz range and 
since the dielectric relaxation/loss falls within the 
100 MHz range, we did not account for the water 
contribution by adding a second Cole-Cole term. 
In this frequency range, the water contribution is 
contained mainly in the esw term. Table 1 details 
the parameters of eq. 1 obtained by curve-fitting 
analysis on the real part of the dielectric permittiv- 
ity. Fig. 4 shows the quality of curve fitting on the 
L-a-lysolecithin solution at 20 o C, the experimen- 
tal data being indicated by triangles and the full 
line corresponding to the best fit, Our dielectric 
parameters are of the same order of magnitude as 
those of Pottel et al. [41]. They determined the 
following values for a similar solution of 0.37 M 
L-a-lysolecithin at 25 ’ C: c,, = 56.8; de, = 24; 
7z = 0.95 ns and a = 0.09. Our cSW value is slightly 
overestimated because our high-frequency limit of 
dielectric measurement is fixed at 1000 MHz, and 
perhaps es, is better estimated within the range 
l-3 GHz. The temperature dependence of the 
dielectric parameters, which has not been re- 
ported, provides some information on the mobility 
of the polar groups. 

The Cole-Cole parameter a increases when the 
temperature is decreased, indicating a greater 
spread of dielectric relaxation. This could be inter- 
preted from the formation of some conforma- 
tional states, which differ slightly from each other, 
with decreasing temperature. This result is predict- 
able in view of the micelIar-to-lamellar transition 
at low temperatures. 

The temperature dependence of the relaxation 
time could provide an estimate of the activation 
energy of the rotational motion of polar groups. 
Since we have attributed this dielectric relaxa- 
tion/loss to the rotational mobility of zwitterionic 
groups of L-a-lysolecithin, we can estimate the 
activation energy of the zwitterianic groups rota- 
tional mobility. We obtained a value of 4.1 f 0.2 
kcal/mol or 17.2 f 0.8 kJ/mol by using the Eyr- 
ing equation. Fig. 6 shows the temperature depen- 
dence of the relaxation time and the best fit. 
Shepherd and Biildt [40] determined values of 2.6 
and 4.0 kcal/mol below and above 42” C, respec- 
tively, for the activation energy of the zwitterionic 
group of DPPC. 

Fig. 6. Plot of ln(TT) vs. l/T where T is the absolute 
temperature and 7 the relaxation time (in s). The symbols 
represent the experimental data (0.4 M L-cr-lysolecithin in 
2H,0). Thi: straight line corresponds to the best fit of the 
Eyring equation, yielding an activation energy of 4.110.2 

kcal/mol. 

Table 2 presents the results of the curve-fitting 
analysis on the real part of L-a-lysolecithin- 
packaged gramicidin A. The dielectric perrnittivity 
was analyzed by means of one Cole-Cole function 
(see eq. 1). Fig. 4 shows the quality of curve fitting 
on the L-a-lysolecithin-grarnicidin A solution, the 
experimental data being indicated by crosses and 
the full line corresponding to the best fit. Com- 
parisons between the parameters of tables 1 and 2 
show the difference that can be observed qualita- 
tively in fig. 4. The dielectric relaxation of L-W 

lysolecithin-gramicidin A is smaller than that of 
pure L-a-lysolecithin. 

It could be expected that these dielectric 
parameters are sensitive to the micellar-to-lamellar 
phase transition and/or to the interaction be- 
tween gramicidin A and L-a-lysolecithin. The de- 
crease in the dielectric relaxation amplitude (de,,) 
could be interpreted as a restriction of the rota- 
tional mobility of the phospholipid zwitterion. 

The Cole-Cole parameter a of the L-a-lysole- 
cithin-gramicidin A system is greater than that of 
L-a-lysolecitbin. Since the parameter a is a mea- 
sure of the spread of dielectric relaxations centered 
at the relaxation frequency, a also indicates the 
dispersion of states contributing to the dielectric 
relaxation. A greater a value corresponds to a 
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3 32 34 36 

1880*1/T 

Fig. 7. Piot of an vs. l/T where T is the absolute 
temperature and T the relaxation time (in s). The symbols 
represent the experimental data (0.4 M L-n-lysolecithin and 
0.0308 M gramicidin A solution in ‘H,O). The straight line 
corresponds to the best fit of the Eyring equation, yielding an 

activation energy of 3.7 f 0.3 kcal/mol. 

greater dispersion of conformational states. It is 
possible that gramicidin A induces small local 
heterogeneous conformational changes of L-CY- 
lysolecithin, contributing to an increasing spread 
of dielectric relaxations. 

The temperature dependence of the relaxation 
time of the L-&lysolecith&gramicidin A system 
could provide an estimate for the activation en- 
ergy of the rotational mobility of the polar groups 
of L-cu-lysolecithin. Fig. 7 presents the best fit, 
yielding an activation energy of 3.7 f 0.3 kcal/mol 
or 15.4 * 1.3 kJ/mol (the experimental data are 
shown as symbols and the theoretical line corre- 
sponds to the Eyring equation). Killian and De 
Kruijff [lo] obtained a value of 17.3 kJ/mol for 
the mobility of the (Y segment of the head group of 
L-cu-lysolecithin in a t-cu-lysolecithin-gramicidin A 
mixture by using 2H-NMR spectroscopy. This 
compares well with our data. The values of the 
activation energy resulting from the rotational 
motion of the polar groups of L-cu-lysolecithin 
(4.1& 0.2 kcal/mol) and L-cr-lysolecithin-gramici- 
din A (3.7 f 0.3 kcal/mol) are similar within ex- 
perimental error. The incorporation of gramicidin 
A into L-cr-lysolecithin does not induce large 
changes in the enthalpy of rotational mobility of 
the zwitterionic group, but it does seem to de- 

crease the mobility of the zwitterion as may be 
seen by collating the relaxation time and the di- 
electric relaxation amplitude in tables 1 and 2. For 
comparison, the activation energy (above the lipid 
phase transition temperature) of DMPC is 5.4 + 
0.2 kcal/mol and of gramicidin A packaged in 
DMPC, 5.3 f 0.3 kcal/mol [44]. 

The dielectric permittivity of the solution at 
1000 MHz (esW) is greater in pure L+lysolecithin 
than in L-a-lysolecithin-gramicidin A solution (cf. 
tables 1 and 2). Qualitatively, this means that the 
fractional volume of water is greater in micellar 
solution (L-cY-lysolecithin) than in lame&r solu- 
tion (L-cY-lysol$cithin-gamicidin A). 

5. Conclusions 

The dielectric spectra of L-cu-lysolecithin and 
L-cr-lysolecithin-gramicidin A show dielectric re- 
laxations which are centered at 103.3 MHz (T= = 
1.54 ns) at 20°C and at 71.7 MHz (TV = 2.22 ns) 
at 20 o C respectively. This dielectric relaxation has 
been attributed mainly to the rotational motion of 
the zwitterionic group according to Pottel et al. 
[22] and Shepherd and Btildt [40]. 

The hysteresis effect observed in the micellar 
aqueous solution of L-ol-lysolecithin (fig. 2) results 
from a slow phase transition from the micellar to 
lamellar state. During freezing at O”C, the frac- 
tional volume of water decreases and the magni- 
tude of dielectric relaxation at about 100 MHz 
decreases slightly. 

A similar but smaller hysteresis effect was ob- 
served in the lamellar aqueous solution of L-cr- 
lysolwithin-gramicidin A (fig. 5). Since the solu- 
tion of L-cr-lysolecithin-gramicidin A corresponds 
to a lamellar state, the phase transition from the 
micellar to lamellar conformation (which has al- 
ready been induced by the addition of gramicidin 
A) does not occur when the solution is frozen. 

The dielectric relaxation/loss of the lyso- 
lecithin solution is slightly different in the pres- 
ence and absence of gramicidin A. The differences 
at 20 o C (see tables 1 and 2) consist of the magni- 
tude of the dielectric relaxation (de, = 21.7 f 1.2 
for L-ol-lysolecithin and 17.7 f 1 for L-a-lyso- 
lecithin-gramicidin A) and the relaxation time (7, 
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= 1.54 f 0.1 ns for L-a-lysolecithin and 2.22 & 0.08 
ns for L-a-lysolecithin-gamicidin A), as well as 
the permittivity of the solution (at 1000 MHz) 

(%J = 65 &- 1 for L-a-lysolecithin and 57.3 f 0.4 
for L-a-lysolecithin-gramicidin A). 

The difference in f,, values between the micel- 
lar solution of L-a-lysolecithin and the lamellar 
solution L-a-lysolecithin-gramicidin A may 
originate from the difference in the fractional 
volume of water (i.e., the fractional volume of 
water is smaller in the lamellar than the micellar 
structure). 

We interpreted tentatively the small dielectric 
differences ( Ac,,~, 7,) (see tables 1 and 2) as 
being due to restricted rotational motion of the 
zwitterionic group when gramicidin A is. incorpo- 
rated into r.-a-lysolecithin. However, the activa- 
tion energy for the rotational mobility of the 

zwitterionic group of the phospholipid is not af- 
fected by the presence of gramicidm A. The values 
of the activation energy of L-a-lysolecithin and 
L-a-lysolecithin-gramicidin A solutions are, re- 
spectively, 4.1 f 0.2 and 3.7 + 0.3 kcal/mol. 
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