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INTRODUCTION

There has been a great number of applications of the fluorescence depolar-
ization (FD) technique to the investigation of order and fluidity in model
(1-9) and biological membranes (10-15).

Many of the experiments have involved nanosecond techniques, tipically using
single photon counting apparatus (2-6,10,12). In these experimental methods a
short burst of plane polarized light of suitable wavelength is used to promote
fluorescent probe molecules in solution to some excited level. The polarization
of the fluorescent emission from the probe is then measured as a function of
time. A common, convenient way of defining the polarization characteristic of
the emitted radiation in an isotropic system is through the ratio

r(t)=(1u(t)-1,(£))/ (1, (t)+21,(t)) (
where I,(t) and I (t) are fluorescence intensities parallel and perpendicular
to the direction of polarization of the exciting light. It is easy to see that
this polarization decay may contain information on the molecular motion. Let
us assume that the only two relevant processes taking place in the experiment
time scale are the decay of fluorescence and the reorientation of the molecule.
What is actually observed in the experiment depends on the relative time
scales 3 and 1 of the fluorescence and reorientation process (16,17). Thus if
<<t the molecule emits before the non-equilibrium distritution of excited
molecules created by the flash has had time to relax to equilibrium. In this
case a constant value of the polarization ratio, r(0), will be observed. The
opposite situation arises if TE>>1p- In this limit the initial non-equilibrium
orientational distribution will have completely relaxed to equilibrium before
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fluorescence effectively takes place. Only a limiting value r(«) is observed.
In ordinary isotropic liguids every orientation of the probe is, in principle,
equally prébab]e and the initial polarization of the radiation will be
eventually lost completely,i.e. r(=)=0. The situation is quite different in
ordered or locally ordered fluid systems such as liquid crystals or membrane
bilayers, since there the orientational distribution is intrinsically aniso-
tropic. In particular in a bilayer interior we have orientational order, with
1ipid molecules tending to be parallel to a preferred orientation called the
director. Under normal circumstances this preferred direction is expected to
be parallel to the bilayer normal. If this is the case and if we have a
fluorescent probe dissolved in a macroscopically ordered bilayer system, we
do not expect the long time ratio limit r(«) to go_to zero but to depend on
the orientational order for the probe. In the other limiting situation, when
the fluoresgence decays before the molecule has effectively reoriented, a
value of r(0) dependent on the dejree of orientational alignment will be
obtained (16).

Here we are interested in investigating tumour cell membranes, whereby an
jdeal monodomain bilayer is very difficult to obtain. The sample will contain
a distribution of bilayers and if it is macroscopically isotropic, as is the
case here, such distribution of directors will be spherical. This has .ead up
to a few years ago to some misinterpretation in the literature, with the
application to the analysis of FO data in membranes of the classical Perrin
type theories developed for truly isotropic systems. This theory conduces
in particular to the expectation that r{=) should be zero, as well as to
attributing the unobserved decay to this zero value to a large viscosity in
the bilayer. This is not necessarily the case. The direct app]icat{on of
Perrin's theory to vesicles neglects in fact the all important local order
in the bilayer. Since FD is a molecular technique, where the probe senses its
Jocal environment, it turns out to be necessary to apply theoretical methods
employed in the description of anisotropic systems such as liquid crystals
(16) to properly describe fluorescence polarization decay in membranes (17).

Various theories have been developed to this end (4,17,18) most of which
employ models whereby the local fluorescent probe motion is restricted to a
core of a certain opening & (4,18). The increase or decrease of this local
ordering is allowed for by modifying this cone angle. It has been shown that
keeping into account local anisotropy a long time plateau value r(«) different
from zero is obtained. The value of r(~) gives information on the local
ordering in the system.
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Recently a general theory of fluorescence depolarization in membranes has
been proposed {17). The theory expresses polarization decays in terms of model
independent quantities such as correlation functions and order parameters.
The same type of formalism has been employed to interpret data from other
techniques used for sfudying membranes, such as Nuclear Magnetic Resonance
(19) and Electron Spin Resonance (20,21). The advantage of using unifying
formalism is that it makes possible to combine data coming from various types of
experiments with the attendant possibilities of cross fertilization. For
example various techniques can give the so called order parameter < P2>,

< P2 >=<3 coszs- 1>, (2
K Z

where Z is the angle between the probe axis and the local bilayer normal and
the angular brackets indicate an average over molecular orientations 8. The
parameter < P24} gives a measure of the structural order in a membrane. As such
it constitutes an important element of physical characterization of the
membrane. It is important to note that the order parameter is a purely static,
structural property. It does not give any direct information on the fluidity
in the bilayer. To have an indication of this local fluidity the polarization
decay time should be measured. This decay, as shown by the theory (17) contains
information on the time necessary to the probe to reorient in the bilayer.
Since this reorientation takes place, as the fluorescence process, on the
nanosecond time scale, single photon or similar apparatus is needed to follow
the decay. This instrumentation is now available in a number of biophysics
laboratories but it is still relatively complex and not nearly as widespread
as the popular steady state instrumentation. Here the sample containing the
fluorescent probe is not subjected to a very short flash of light but rather
is continuosly illuminated. Thinking of a continuous illumination as a sequence
of infinitely many light pulses it is clear that the fluorescence intensities
we observe in a steady state experiment are essentially time averages of
those obtained in a single photon apparatus. It is important to see, especially
in view of applications in the medical field,whether the steady stateintensities
Iy, I; and the polarization anisotropy ratio .
rS=(I"-ll)/(I"+ZIl) (3

obtained from them still contain the desired structural and dynamic information,

In this paper we shall discuss briefly if this is the case and then apply the
technique to cell membranes obtained from normal and tumour cells with
different growth rate. In particular we shall exhamine microsomal membranes
from rat liver, Morris hepatomas 3924A (fast growing), 44 (slow growing) and
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9618A (very slow growing). This is important especially when coupled with an
analysis of the different composition of the various cells to identify and
correlate possible structural and fluidity differences with tumour cell
membrane characteristics. '

MATERIALS AND METHODS

Microsomal fractions were obtained as previously described (22). The protein
concentration was determined using Lowry's method (23) and Bovine Serum
Albumine as standard, and phospholipid assayed according to Marinetti (21).

The fatty acid composition of the phospholipids was assayed by gas-liquid
cromatography as previously described (221; cholesterol was determined using

the Boehringer monotest method as modified by Ott et al. (25). DPH was obtained
from Aldrich-Europe Co., Beerse, Belgium,and purified by sublimation; Aceton and
all organic solvents were fluorimetric grade.

Polarization measurementswere carried out using a Perkin Elmer MPF 44A
Spectrofluorimeter equipped withaDCSU2 unit and two Polaroid film polarizers.
Fluorescence lifetimes were obtained using a self assembled apparatus with an
Edinburgh Instrument nanosecond Flash Lamp, filled with nitrogen, a Jasco
emission monochromator and an EMI 9816Q8 photomultiplier. The data were collect-
ed on a Silena Multichannel Analizer; single photon counting electronic devices
were purchased from ORTEC.

The steady state and fluorescence lifetime determinations were both carried
out diluting a proper amount of membrane suspension (300 ug as protein)
in 2 ml TrisCl 20 mM pH 7.4 Buffer and adding DPH, dissolved in Aceton,
to a final concentration of 5x10'7M.

The DPH/Phospholipid Ratio in those experiments was mantained between 1:150
and 1:300. Diluting the membrane suspension we have not observed any depolariza-
tion due to the light scattering. The same experiments were carried out using
liposomes, prepared as previously reported (26), from phospholipid extracted
from the microsomes. In all experiments the samples were thermostated using a
Braun Frigomix-Thermomix unit (:0.1 °C).

Polarization was calculated according to the following equation:

T = Ty~ Tiy) v

il

b . Vv
- S s , (4

(Ty-Taw) + Uyy=Tay) B

w

I
pelarizer and analyzer with their planes of polarization respectively

and I.., are the fluorescence intensities (I) measured with both the
HH vy
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horizontal (HH) and vertical (VWV). I, is the fluorescence intensity observed
with the polarizer placed with its plane of polarization horizontal, and the
analyzer with its plane vertical. IHv represents the fluorescence intensity
with the polarizer and the analyzer both rotated 90° from the previous
setting. The superscript "s" indicates the scattering component.

Fluorescence decay curves were deconvoluted using a non-linear least square
fit-Fast Fourier Transform method recently developed (27). The fluorescence
intensities were assumed to decay via a biexponential, i.e.

F(t)= exp(t/1y)+ G, exp(t/rz) (5

Fits were also performed using a single exponential decay. However when
comparing the fitted and experimental decays, poor xz and residue distribution
were found.

~
RESULTS AND DISCUSSION

We report in fig.l the results for the steady state polarization anisotropy
of DPH versus temperature for the control and the three selected tumour
membranes.

The values of fluorescence lifetimes obtained by using eqn.5 are reported
in Table 1. Double exponential decays of DPH in biological membranes have also
been obtained by Kinosita et al.(12). For simplicity we follow here their
suggestion of using an average decay time

-40 Fig. 1. Steady state polarization, p,
versus temperature (°C) for DPH in
microsomal membranes from:
30 (e——o) normal cells, (0——o) H3924A,
: (0---0) 9618A, (&----0) H44,
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TF=C]T]+C212 (6

in further analysis of steady state data. The average fluorescence decay
times Tp have been fitted to an Arrhenius type temperature dependence:TF(T)=

=r§ exp(-EF/RT), where Ec is a pseudo-activation energy, R is the gas
constant and T the temperature in Kelvins. The fitting coefficients are
jiven in Table 2.
TABLE 2
TEMPERATURE VARIATION PARAMETERS OF THE AVERAGE FLUORESCENCE LIFETIMES ¥

Series r;(nsec) EF(kcal/mol)
riormal 0.357 -1.71
4518A 3.896 -0.35
144 = 1.733 -0.80
H3924A 2.181 -0.80

:Yalues obtained from a least square fit of the experimental values:
T:(T)=TF exp(-EF/RT).
Interpretation of steady state results. We shall assume here that

~eorientation is the only depolarizing mechanism and that the rotctional motion
of the probe is diffusional,i.e. that it tekes place by small Brownian
angular steps. We do not invoke a cone model but rather imagine the molecule
subjected to an anisotropic potential trying to align it parallel to the 7
bilayer normal. By analogy with work in the liquid crystal field (16,28)
this potential is taken to have the form

U(B)=kT u, <Py > Pz(cos 8) (7
where k is the Boltzmann constant, T is the temperature in degrees Kelvin and
U, is a coefficient giving the strenght of the interaction between the probe
and the solvent (lipid here) molecules. The probe is here assumed to have
effective cylindrical symmetry and to be in very dilute solution so that
< P2> is the solvent order parameter. In practice the 1,6 diphenylhexatriene
{DPH) probe used in this work is reasenably cylindrically symmetric and
fluoresces so efficiently that it can be used in concentrations as low as
10'6M so that we are in the conditions mentioned abdve. The transition moments
of DPH are essentially parallel to each other and to the long molecular axis
as confirmed from the value of the polarization ratio at zero time after an
excitation pulse, r(0) which has been found to be 0.395 as compared to an ideal
value of r(0)=2/5 by Kinosita et al. (12).
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