Temperature Dependence of the Phospholipids Bilayers Stability,
Studied by FTIR Spectroscopy
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The temperature induced modifications in the lipid bilayers in water were studied by using 2D-FTIR Correlation
Spectroscopy. The spectral range analysed in this paper corresponds to symmetric and asymmetric stretching
vibrations of the -CH, groups from the acyl chains of DPPC. Autocorrelation peaks at 2916 cm™* and 2848.5
cm*and asynchrone modifications in the spectral ranges 2916-3000 cm™ and 2848-3000 cm™* were evidenced.
The revealed modifications indicate changes in the conformers of the hydrocarbon chains in the phase
transition from the gel to liquid crystalline phases, as well as the variations in the concentration of the two
phases with temperature increasing.
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Phatty acids are abundant in biological membranes maximization of the hydrophobic

interactions

mainly as components of phospholipids and cholesterol
esters. Their presence, free or bound to phospholipids,
modulates the lipid membrane behaviour [1].

The phospholipids model membranes [3,4] are usually
studied in order to elucidate the thermal changes induced
in the biological membranes. Their use eliminates the
multitude of factors that influence the biological membrane
fluidity, a natural condition for their functionality. The
influence of the external electric fields [5,6] of
concentration [7,8] or of temperature [9-11] on the
Iyotropic or thermotropic liquid crystals was intensively
studied in the past years by electric [5], DSC [12] or
spectral means [10,11,13-15], in order to establish the
properties of the model membranes.

The ampbhiliophylic nature of the phospholipids (fig.1)
determines the bi-layers formation at appropriate
concentrations of the phospholipids in water. The bi-layers
have the hydrophilic heads of the phospholipids in contact
with water and the acyl chains (hydrophobic tails) oriented
to the middle of the bilayer.

The model membrane stability is due to the
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concomitantly with the minimization of the hydrophilic
ones. It is affected by temperature and by the impurities.

The phase transition of the type (1) takes place as
temperature increases.

Gel phase = Liquid crystalline phase 1)

By the phase transition the model membrane passes
from the highest ordered system to the more disordered
one, when temperature increases (fig.2).

Temperature produces important changes in the order
degree of the model membrane. At low temperatures the
model membranes are structured as lamellar symmetric
bilayers, forming a gel phase with a high degree of order,
while, at high temperatures, they become disordered and
pass in a liquid crystalline phase. The passing from the gel
to the liquid crystalline phase is very quick and is
characterized by a main phase transition temperature, T .
At the main phase transition temperature, the bilayers
contain equal percentages of ordered and disordered
phospholipids. The value of the main phase transition is
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Fig. 2. Changes induces by temperature in the order
degree of the long acyl chains of DPPC
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dependent on the chemical nature of the model membrane
constituents and also on their concentration in the model
membrane.

The disordered hydrophobic acyl chains, in the liquid
crystalline phase, induce a curvature stress in the bilayers
that can determine pore formation. Substance transfer
through the bilayer becomes possible in these conditions.
Some antibiotics were used in order to test the
phospholipids model membranes fluidity [4, 13]. These
studies are important for understanding of the biological
membranes functions.

FTIR spectra indicate the degree of order in the
phospholipids bilayers by the shifts of the stretching
symmetric and asymmetric vibration bands of the CH,
groups belonging to the acyl chains. Important changes in
the IR spectra, such as spectral shifts, or bandwidth
modifications, are induced by the phase transition from
the gel to the liquid crystalline phase when temperature
increase.

2-D correlation spectroscopy is an important instrument
for understanding the process taking place into
phospholipids bilayers under external perturbations, such
as temperature. This method allows the identification of
the simultaneous or successive processes induced by the
external perturbation, permitting us to propose a scenary
for these processes at molecular structural level.

Experimental part

DPPC was purchased from Sigma Chemical Co. St. Louis
Mo and used without purification. Multilamellar vesicles
were obtained from DPPC dried films and phosphate buffer
solution, using the procedure proposed by Severcan et all
[4,13-15].
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Fig. 3. FT-IR spectra at some temperature

FTIR spectra of the DPPC vesicles were registered with
a FT-IR BOMEM MB 157 spectrometer in CaCl, cells. A
Unicam Specac Temperature Controller was used for
temperature modifying. The FT-IR spectra were averaged
from 100 scans. The water vaporous influence was
eliminated by subtracting the FTIR spectra of buffered
solution from the model membrane spectrum, at each
studied temperature (fig. 3). The temperature was modified
in the limits 25-61°C.

Results and Discussions

Having a high degree of order, the gel phase of the model
membrane offers few possibilities for the vibrational and
rotational motions of the acyl chains than the liquid
crystalline phase, where the low degree of order enlarges
the dynamics of these motions. The IR bands
corresponding to the symmetrical or antisymmetrical
modes of the acyl chains of DPPC are shifted to the high
frequencies when the model membranes pass from the
gel to the liquid crystalline phase.
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2D-FTIR Correlation

Model-membrane proprieties were investigated using
two dimensional correlation spectroscopy methods
developed by I. Noda and Ozaki [16]. The scheme of the
generalized correlation spectroscopy has been used in our
investigations.

The calculus was made in the matrix form using Hilbert
transform. The synchronous matrix is:

D= %MM’ )
n—
and the asynchronous matrix is given by:

‘Pz—l—M(HMT) ©))
n-1

where: M is the matrix of the dynamic spectra; M7 is
transposed matrix of M; n is number of spectra in series
and His Hilbert-Noda transform matrix (i.e.H_=0ifm=n
and H_ =1/m(n-m) otherwise):

0, m=n

Hwm=1_1_ )

ﬂ_(n_m) m#n

The dynamic spectra corresponding to the temperature
perturbation in the range 25 < T < 61°C were obtained. In
order to obtain the 2D correlation spectra we used the
average spectrum (fig.4) and the dynamic spectrum (fig.5).
A program written in Matlab was developed in order to
obtain mean spectrum (fig. 4) and dynamic spectra (fig.
5).

The mean spectrum was obtained by averaging the FTIR
spectra recorded at different temperatures. The dynamic
spectrum was obtained by subtracting the mean spectrum
from each FTIR spectrum recorded at a given temperature.

From these maps analysis we can see that almost all
the correlations between different IR bands are
synchronous (maximum value of the correlation coefficient
in synchronous map is 0.2722 compare to the 0.02247 in
asynchronous map).

Synchronous spectrum

In synchronous spectrum two strongly auto-correlated
peaks are evidenced at 2916 and 2848.5 cm* (peaks from
the main diagonal in fig. 8). This type of autocorrelation
peaks indicates that the 2916 and 2848.5 cm* are IR bands
whose intensity strongly modifies by temperature
modification, compared with another bands. Such
synchronous modification suggests the existence of a
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Fig. 4. Mean spectrum from figure 3



Dynamic Spectra
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Fig. 5. Dynamic spectra from figure 3 using mean spectrum
as in figure 4
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Fig. 6. Synchronous correlation spectra
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Fig. 7. Asynchronous correlation spectra

coupling between the variations of 2916 and 2848.5 cm'!
band intensities. This fact is due, evidently, to the
simultaneous changes in the symmetric and asymmetric
stretching vibrations of CH, from the acyl chains induced
by temperature, in conditions of the phase transition of the
type (1).

The off diagonal peaks indicates that there are positive
correlations for 2916cm™ and 2864cm™ pair bands and
negative for 2864cm* and 2848.5cm™. This is clear due to
the temperature changes in the membranes and transition
between gel phase and crystal liquid phase.
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Asynchronous spectrum

Compared with the synchronous spectrum, the
asynchronous spectrum evidences the successive
correlations in the dynamic spectra (variations of the
intensities in the dynamical spectra with different velocities,
when temperature varies.

Using the two dimensional correlation spectroscopy
technique we can obtain information about simultaneous
or coincidental changes (using temperature as perturbation
parameter) of two separate intensities variations measured
at two different wavenumbers from synchronous spectra
and out of phase changes from asynchronous spectra
respectively.

From figures 6 and 7 it results a very good correlation
between the symmetric and antisymmetric vibrations in
the CH, groups of the acyl chains, showing simultaneous
changes of these bands with the temperature modification.

Figures 8 and 9 represent the same synchronous and
asynchronous spectra from 6 and 7 but using more
commonly contour plots.

Synchronous Spectrum
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Fig. 8. Contours map for synchronous spectrum

Asynchronous Spectrum
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Fig. 9. Contours map for asynchronous spectrum

From figure 9 it results that the asynchronous changes
appear in the spectral range 2916-3000 cm™, but there are
represented by very narrow width bands. This fact could
be explained by the conformational changes in the chains
at the main phase transition of the type (1) and also by the
variation of the two phase’s concentration at temperature
variation.

There are two strong autocorrelation peaks at about
2916cm™ and 2848.5cm* (peaks from main diagonal in fig.
8)
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Conclusions

2D correlation FTIR spectroscopy permits to evidence
the correlations between the vibrations of different
structural groups and the modifications induced by
temperature (as a perturbation factor). The dynamic
spectra give the temperature of the main phase transition,
their peaks being positive for T<T _and negative for T>T .
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