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SUMMARY

Lateral diffusion coefficicnt and order parameter measurements were made
with pyrene excimer opfical probes and fatty acid spin label probes respectively in
puse dipalmitoyl phosphatidylcholine t and in t doped with
tocopheryl acetate.

The mvestlgatlon shows, tlmt the lau:ral diffusion coefficient for pyrene in
dipalmi h idyl is d wh the order parameter
of the fatty acld chams is slightly increased in the inner part of the membranes by the
addition of tocopheryl acetate,

Thc fluid-solid equilibrium phase diagram of dipalmitoyl phosphatidylcholine/

yl acetate mixed t has been constructed from the measurements of
the partmon of (2,2, 6 6-tetramcthylp1p=rdme- -oxyl) TEMPO spin labels between
lipid and aqy as fi of temperature. In the membranes tocopheryl
acetate induces a s!rong broadcnmg of the tcmperature range of the phase transi-
tion. At low pheryl ations dipal idylcholine and
tocopheryl acctate scem to be completely mlsclblc in the solld and m the liquid
crystalline state,

INTRODUCTION

Little is known about the biochemistry of tocopherol and its derivatives in vivo.
An antioxydative effect is postulated but the mechanism is not known in detail {1).

Lucy [2] obseived inhibition of retinol hemolysis in erytl by pherol
This effect nught beductoa stablhsmg infl of tocopherol on the t
strnctm the molecules of tocopheryl compounds are amphiphilic they can be

4 in an ordered manrer into bilayers, and an influence on the structure
and ﬁmmou of biological membranes can therefore be anticipated.
It seesned therefore of interest to investigatc physical effects of tocophery)
acetate on bilayer model membranes.
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EXPERIMENTAL

Dipalmitoyl phosphatidylcholine/tocopheryl acetate dispzrsions ware prepared
in the usual way under oxygen free condmons The lab:l (mnc rcﬁned pyrene Tor
stearic acid spin labels I, ,) and pheryl acetate were d in ch m
and a lipid film was formed by evaporation of the chloroform from the solution
containing these 3

O CHz— ’Cﬂz)n'r/C; {CH)a=—CO0H
QQQ o.-:l——c" m+nss
1 nm,n

After addition of an aqueous phosphate buffer-sofution (0.067 M Na,HPO,,
pH = 7) the solution was shaken for about J0 min on a vortex mixer at a temperature
of about 45 °C i.e. above the phase transition.

L-f,y-Dipalmitoy} idylcholinz was purchased from Fluka, Buchs,
locoph‘-ry] acetate was D,L-a-tocophcryl acetate from Hoffmann-La Roche, Basel,

measurements were made with a Parkin Elmer MPF-2A fluorescence
spi:r'tr- . and EPR with a Varian X-band E 9 EPR spzctrom-
eter.

MEASUREMENTS

(1) Pyrene diffusion

The ratio of the diffusion cozfficient (D) of dipalmitoyl phosphatidylcholine/
towphery] acetatc membranes to the diffusion coﬂﬂiclcnt (Do) of pmc dlpalmltoyl

t for pyrene was obtained by measuring the relative

exclmer/monomer fluorescence quantum efficiency ¢ according to the msthod intro-
duced by Galla and Sackmann [3]:
D  @-ry-cn
=l e 1
Do porrre o
with 7,7, pyrene excimer lifetimz in membrane with and without tocopheryl acetate
¢, Co, pyrene concentration pzr unit area in membrane with and without tocopheryl
acetate.

an 1 shows the ﬂuorescﬂnc= spectrum of a membrane dispzrsion containing

heryl acetate. The rel i eficiency is taken as the spectral inteasity
ratio (zp = (I'/1)) at 480 nm and 373 nm respectively.
The linear d d of ¢ as a function of the pyrene concentration ¢ in the

membrans above thc phase transition (Fig. 2) shows that the excimer formation is
diffusion limited [3].

The concentration ¢ (A~?) of pyrene psr unit merabrane area is given by:
¢ = (1/F)(R/(1 &)}, with &, molar ratio of tocopheryl acetate/dipalmitoy! phosphati-
dylcholine; R: molar ratio of pyrenc/dipaimitoyl phosphatidylcholine and F = Fo—
AF, average area per molecuk in the bilayer.

The change of the average area per lipid molecule (4F) of dipalmitoyl phos-
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Fig. 1. Fl of dipalmitoyl phosphatidylcholis b ining 1 mol %
pyrene and 20 mol % hery] acetate. Excitation and fl dwidths 6 and 2 nm respec-
tively.
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Fig. 3. Excimer (- + ~) to an N,-dit light flash (—). (a) of dipalmitoy!
h i i 1o mol % pyrenc and 12.6 mol % tocopheryi acetate.
(b) of dipalmitoyl phosphatid: i 10 mol % pyrene and no tocopheryl
acetate. In the exci and fli beam an i filter (Schott) with peak transmission

at 334 nm and an edge filter (KV 408, Schott) respectively were used. The decay cusves were measured
by sampling 500 points per pulse and by averaging 512 pulses with a HP 5480 A CAT computer.
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phatidylcholine monolayers spread on water by the incorporation of tocopheryl
acstate has bzep measured in a Langmuir trough and was found to be approximately
AF =065+ 4 Fyat45°Cand35dyncm™!. F, = 58 A? bzing the area psr molecule

in pure dipalmitoyl phosphatidylcholine L at 45°C d by X-ray
diffraction [4]. At 35 dyne-cm™? the dipalmitoy! phosphatidyicholi !
yields the same area per molecule. The excimer lifetime were performed

with light flashes of a pulsed nitrogen discharge ot'a few ns duration in bilayers of high
pyrene concentration (Fig. 3).

There is no measurable difference in the lifetime of the excimer state in the pure
dipalmitoyl phosphatidylcholine membranes and the tocophery! acetate containing
membranes at 45 °C, The excimer lifetirne was evaluated from. the flash response
curve according to [5] and was found to bs 73 ns*. From thes: measurements the
ratio D/D, is obtained according to Eqn. 1 and plotted as a funetion of « the molar
ratio of tocopheryl acetate to dipalmitoyl phosphatidylcholine in Fig. 4 at 45 °C.

(2) Order parameter

The fatty acid spin labels 11, , perform a rapid anisotropic motior: in fluid
phospholipid membranes [6, 7). The averaged components of the hyperfine splitting
tensor 7}, and 7, in & membrane bound reference frame with the z'-axis forming the
axis of fast molecular rotation are taken from the spectra [6, 71

Fig.5 shows thc EPR spectrum of a I1, , , spin label in a dipalmitoyl phosphati-
dylcholine/ tat b From T} and 7' the local order parameter
S of the fatty acld chaln, which is dependent on the depth of the locatior: of the
spin label in the hydrophobic part of the membrane, can bz evaluated approximately:

27,

Fig. 5. ESR spectrum of 11,4 . spin label in dipalmi hosphatidylcholi b
28 mol 7; tocopheryl acetate.

* (jalla and Sackmana found 100 ns for the exciiner lifetime in dipalmitoy! phosphatidylchaline
membranes at 45 °C in 2 mM CsCl aqueous solution [3]. The difference miay be duc to the differsat
Jonic soiutions used, Because the absolute value of 7 does not influence our results we did not investi-
gatc this difference further.
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where T, == 30.8 G and T, = T, = 5.8 G {6, 7] are the components of the hyperfine
splitting tensor in a molecular reference frame having a z-axis parallel to the 2 pn
orbital of the unpaired electron as determined by single crystal experiments. gy and
a'y are the isotropic hyperfine splitting constants in single crystals and in the model
membranes respectively,

In Fg 6 thc order parameter is plotted agamst tcmpcrature for various spin
labels in dipalmitoy! phosphatidylcholi The absol
values of s obtamed in this way should be taken wnh care since it has bzen shown [8]
that spin lzbel measurements do not necessarily give the correct values for the order
parameter in membranes, But the relative values of order parameters of dipalmitoyl
phosphatidylchofine membranes with and without tocopheryl acetate are significant,
From Fig. 6 it can bz seen that an increase of the order parameter is induced by toco-
pheryl acetate only in the inner part of the membrane.

(3) Phase transition

In order to measure the fluid (liquid crystallme) sohd cqulllbnum phase
diagram the spin label TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl) was dissol
in the aqueous dipalmitoyl phosphatidylcholine/! ,' v} acetate dispersions in a

concentration of 5+ 10™* M,

This spin fabel distributes between the aqueous znd lipid phases and is excluded.
from the lipid phase when it becomes sofid. From the relative intensity of the signal
of the spin labzl in the membrances to the signal of the total spin fabzl, the f-parameter
can be calculated as function of temperature (Fig. 7) and the phase diagram of
dipalmitoy! phosphatidylcholine/tocopheryl acetate membranes can be constructed
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Fig. 7. Te d o of f- for dipaimitoyl pt tdvichali 1
ining 7,8 mol %, 'yl acetate and pure dipalmitoy] hatidvicholi

One notices in Fig, 7 that the pretransition of dipalmitoyl phosphatidylcholine
at 36 °C is still clearly visible in membranes containing 7.8 mol 9 tocopheryl acetate.
At higher nheryl acetate the transition. broadens strongly and a pre-
transition can not be scen any more. Higher contents than 40 mol % of tocopheryl
acetate in dipalmitoyl phosphatidylcholine mernbranes were excluded from the mem-
branes and sey d as small droplets in the dispersion. A possible explanation is
that tocopheryl acetate does not form stable bilayers by itself, otherwise, one would:
probably have found phase separation within the syembranes at higher tocopheryl
acetate contents,

In Fig. 8 the i pl lidus and liquidus curves of the dipaimitoy! phos-
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Fig. 8. 1 fete prase d of dipatmitoyi phosphatidylcholi . .

pheryl acetate. Above 40 mol % heryl acetate is excluded from the
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phatidylcholine/tocopheryl acetate dispersions for the main transition up to this
critical tocopheryl acstate concentration are plotted. From the shape of these curves
it can be seen that up to this critical tocophery) acetate concentration the components
are completely miscible in the solid and liquid erystalline phases,

CONCLUSIONS

Th|s mvesugatmn shows, that the lateral duﬂ'us:on coeflicient for pyrene in
dipal: hatidylcholine b is d d (Fig. 4) and the order
param-:er of the fatty acid chains increased (Fig. 6) in the hydrophobic inner part by
iocopheryl acstate.

A higher order parameter can be interpreted as decreased fatty acid chain
mobility (trans-gauchs isomerisation) [30]. Therefore it scems that tocopheryl acetate
reduces the probability for trans-gauche isomerisation in the inner part of the mem-
brane. Molecular models show that in the tocopheryl acetate-molecule the methyl
groups of the sidechain impzde trans-gauche isomerisation by steric interaction.
This induces increased order in the bilayer.

Thisi of 5 in the hydrophobic inner part of the membranes also explains
the reduction of the diffusion coeflicient of pyrene. It is in qualitative agreement with
the picture of the diffusion of this molecule as bzing a hopping process determined by
the rate of formation of free volume in the hydrophobic pait of the membrane by
thermally created rotational isomers (kinks) in the phospholipid molecules [11).
Cholesterol also increases the order paramster of dipalmitoyl phosphatidylcholine
membranes above the phase transition but to a much higher degree than tocopheryl
acetate and in contrast to tocopheryl acetate the effect is higher in the more hydro-
philic outer part of the membrane [l2]. Cholesterol reduces the pyrenc lateral diffu-
sion more than tocopheryl acetate in the same molar ratio (Fig. 4).

Tocopheryl acetate has 2 strong effect on the phase transition of dipalmitoyl
phosphatidylcholine/tocopheryl b (Fig. 8). It broadens the tempera-
ture range of the transition apprmably uptoa critical tocophery! acetate concentra-
tion from where on pheryl acetate is excluded from the membranes. Below this
critical pheryl acetate ion dipalmitoy] phosphatidylcholine and toco-
pheryl acetate scem to be completely miscible in the solid and liquid crystalline state
of the membrane.
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