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1. Introduction

The interaction between intrinsic proteins and lip-
ids within the bilayer structures of both natural and
model biomembranes and the degree to which each
perturb the dynamic movement of the other is a sub-
ject of considerable interest [1]. Some results using
deuterium magnetic resonance indicate that the effect
of intrinsic proteins on the lipid chain conformation
(above its main transition temperature, 7)) is differ-
ent from the effect observed by incorporation of cho-
lesterol. The inclusion of cholesterol into the lipid
bilayer always induces an increased (static} order of
the lipid chain above its 7, temperature [2] as indi-
cated by the deuterium quadrupole splitting measure-
ments. On the other hand, proteins (e.g., cytochrome
oxidase, sarcoplasmic reticulum ATPase, myelin pro-
teolipid apoprotein (PLA) and lipophilin} when incor-
porated into fluid bilayers give deuterium quadrupole
splitting values, Ay, associated with the end methyl-
group of the hydrocarbon chains, which appear to
decrease as the protein concentration increases [3,4].

The deuterium quadrupole data for the polypep-
tide gramicidin A (an intrinsic polypeptide) included
in lipid bilayers shows a more complicated behaviour.
In this case, the lipid was labelled in a range of posi-
tions along the length of the lipid chain. Small
amounts of gramicidin in the bilayer cause an increase
in quadrupole splitting and chain order but this trend
is reversed with [5] increasing concentration resulting
in a decrease in quadrupole splitting and increase in
chain disorder, at least near the terminal methyl-
group, for lipid/polypeptide molar ratios <15. Even
at these high polypeptide contents, a lipid bilayer
structure appears to be retained as indicated by X-ray
diffraction data [6]. The *H NMR results are not
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however unequivocal in their interpretation due to
the possible influence of the vesicle tumbling or the
exchange between ‘bound’ and “free’ lipid molecules
which may lead to misleading conclusions [5]. Vibra-
tion speclroscopy is a powerful technique for deter-
mining the relative population of the gauche and
trans conformers and therefore the order of the lipid
chain within lipid bilayer systems [7]. Raman spec-
troscopy has been very often used for this purpose
[7] but the high fluorescence levels obtained at high
protein concentration makes for difficulties in the
application of this technique. Hydrocarbon chain
methylenc symmetric and asymmetric stretching
vibrations appear in the 2900 cm™ region of the
infrared spectra. In [8] it was shown that tempera-
ture shifts for these band-maximum frequencies pro-
vided convenient probes for monitoring the phase
transition of lipid dispersed in water. The frequencies
and bandwidths of CH, stretching modes have been
related to specific molecular properties, i.e., a shift in
frequency to the introduction of gauche conformers
and changes in bandwidth to variations in the rate of
librational motions of the chains [9]. We have there-
fore used IR spectroscopy using a data station to con-
trast the influence of gramicidin and cholesterol on
the lipid chain conformation, both above and below
T, in lipid bilayer structures.

2. Experimental

Gramicidin A, cholesterol, L-1,2-dipalmitoyl-c-
lecithin (DPPC) and L-1,2-dimyristoyl-e-lecithin
(DMPC) were purchased from Koch-Light Labs., BDH
and Fluka, respectively. Samples were prepared by
taking stock solutions containing the required propor-
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tions of lecithin and either chaolesterol or gramicidin A
in benzene/methanol (95:5, v/v) and frecze-dried
overnight. The resulting dry powder was dispersed in
a buffer mixture containing Hepes 10 mM, sucrose

50 mM, KCI 1 M, pH 7.0 at 50°C by vortex mixing
for 5 min. The final lipid concentration was always
between 10—20 mg/ml.

The samples were introduced into a thermostatted
microcell (Beckmann FH-01CFT) using CaF, win-
dows and a pathlength of 7 um. Buffer alone, leci-
thins and lipid—polypeptide systerns dispersed in the
buifer were scanned in a Perkin Elmer IR 561 assisted
with a data station as was described in [10]. From
5—10 scans in the 30002800 cm™ region were aver-
aged at each temperature using a wide slit and with
the maximum noise suppression of the instrument,
16. The temperatures were controlled and changed,
always in the increasing direction, by the data station
using an interface built by us which will be described
later. After the subtraction of buffer spectrum, the
difference specira were amplified ~20-fold, using the
Abex subroutine and the bund-maximum frequencies
measured.

3. Results and discussion

The temperature profiles of the band-maximum
frequency for the methylene assymmetric stretching
vibration of DPPC and DMPC are shown in fig.1 and 2,
respectively (®). The results for the pure lipids are
similar to those in [8,9]. The main endothermic tran-
sition of each lipid resulis in an abrupt increase in the
frequenciecs of both methylene bands. The symmetric
stretching vibrations around 2850 ¢cm™ are not
shown, although they give practically the same results
as those shown here. The minor overall change of the
band-maximum frequencies for the symmeiric vibra-
tion {only 3—4 cm ™) during the lipid chain melting,
makes it less suitable for this type of study due to the
greater relative influence of the experimental error in
the band position (~0.5 cm™ in our conditions). The
main transition is also observed by changes in other
band parameters, as the bandwidth and the peak
height, in accord with [9]. However, the simplicity of
the frequency measurements led us to use them more
extensively than in [9]. As is observed by other tech-
niques, slight impurities in the sample make the main
transition less sharp. {7, for pure DPPC is 41°C and
for DMPC is 23°C.)
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Fig.1. Temperature dependence of the maximum frequency
of the CH, asymmetric stretching vibration in DPPC (e) and

(other symbols) in DPPC/cholesterol or DPPC/gramicidin A
at the molar ratios indicated.
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Fig.2. Temperuture dependence of the maximum frequency
of the CH, asymmetric stretching vibration in DMPC (e) and
(other symbols) in DMPC/cholesterol or DMPC/gramicidin A
at the molar ratios indicated.
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The influence of cholesterol on the phase transi-
tion of both lecithins is shown in fig.1,2. These results
are similar to those obtained in [8,11] by IR spec-
froscopy and agree with those obtained by others
using a great variety of physical techniques [12], i.e.,
the presence of cholesterol causes shifts in band fre-
quencies which indicate that an in¢rease in the num-

ber of gauche conformers accurs below 7', (less order)’

and a decrease in this number above ', (more order).
This effect increases with greater amounts of choles-
terol in the bilayer. At very high cholesterol concen-
trations (see fig.2) almost no change occurs with tem-
perature in the relative population of gauche and
trans conformers of the lipid chains.

The effects observed by incorporation of gramici-
din into the bilayer are more complex than those due
to the influence of cholesterol. It can be seen in
fig.1,2 that gramicidin at molar lipid/polypeptide
ratios >10 (~20% wt) show frequency—temperature
profiles similar to those obtained by addition of cho-
lesterol (fig.1,2), i.e.. the presence of the polypeptide
is to cause a decrease of the average number of gauche
isomers above the T, temperature and an increase in
the average number of gauche isomers below the T,
temperature. It can be noted that, at temperatures far
above the T, transition temperature, the ordering or
disordering effects duc to the presence of gramicidin
arc compensated by the higher extreme temperatures
examined. However, when higher polypeptide con-
centrations are included within the lipid bilayer, the
transition profile changes dramatically. At tempera-
tures higher than T, we sec that now an increase in
the average number of gaucke conformers population
occurs reaching the same level as that of the pure
lipid alone.

This increase cannot be due to the presence of the
methylene groups of the amino acid side-chains of the
paolypeptide. The relative number of these groups is
<(15% for the case with greatest relative amount of
gramicidin. Neither could we observe any clear shoul-
der at the high frequency side of the asymmetric
band in the spectra scanned at low temperature as
occurs with other lipid systems with a very high pro-
portion of protein (unpublished). Thus the result of
the vibrational spectroscopy indicate that similar
ordering and disordering effects occur on a much
shorter time scale (10714 s) to that corresponding to
the 2H NMR time scale (1075 s). The infrared spectra
will not be influenced by factors which can affect the
2H NMR spectra, such as vesicle tumbling or lipid
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exchange processes. It hence provides clear indepen-
dent evidence of the effect of an intrinsic polypep-
tide on the average gauche isomers of the lipid chains.
A model has been proposed [13] to explain the
deuterium NMR data which envisages that various
populations of lipids oceur:
() Those not adjacent to a polypeptide;
(ii) Those which are adjacent to a polypeptide; and
(iii) Those which are trapped between 2 or 3 poly-
peptides.
The deuterium data is interpreted in terms of these
lipid populations whose concentration varies with the
concentration of the intrinsic polypeptide in the lipid
bilayer. Lipid chains adjacent to one polypeptide are
envisaged to be more ordered (statistically) whilst
lipid chains ‘trapped’ between 2 or more polypeptides
are more disordered than that of the pure lipid system.
The infrared spectroscopic data is consistent
with this model. It also indicates that even when an
ordering effect is caused by the polypeptide a further
increase in temperature brings an additional increase
in the average number of gauche isomers. We are pres-
ently applying this technique to intrinsic protein—
lipid systems.
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