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SUMMARY 

Lateral diffusion coelbeiect and order parameter measurements were made 
with pyrane excimer optical probes and fatty acid spin label probes respectively in 
pure dipalm~toyl phosphatidylcholine membranes and in membranes doped with 
tocopheryl acetate. 

The investigation shows, that the lateral c~iffusion coefficient for pyrene in 
dipalmitoyl phusphatldylchoJine membranes is decreased whereas the order parameter 
of the fatty acid chains is slightly increased in the inner part of  the membranes by the 
addition of tocopheryl acetate. 

The fluid-solld equilibrium phase diagram of dipalmitoyl phosphatidylcholine/ 
tocopheryl acetate mixed membranes has been constructed from the measurements of 
the partition of  (2,2,6,6-tatramethylpiperdine-l-oxyl) TEMPO spin labels between 
lipid and aqueous regions as function of temperature. In the membranes tueophe~yl 
acetate induces a strong broadening of the temperature range of the phase transi- 
tion. At low tocopheryl ace~te concentrations dipalmitoyl phosphatidylchnline and 
tocopheryl acetate seem to be completely miscible in the solid and in the liquid 
crystalline state. 

INTRODU~riON 

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] observed inhibition of retinol hemolysis in erytbrocytes by tocopherol. 
This effect might he due to a stabillsing influence of tocopherol on the membrane 
structure. Bemuse the molecules oftocopheryl compounds are amphiphilie they can be 
incorporated than  ordered man~er into bilayers, and an influence on the structure 
and f u s i o n  0f  biologi~l membranes can therefore b e anticipated. 

It  seefited therefore of interest to investigate physical effects of tecopheryl 
acetate on bilaYer model membranes. 
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EXPER'~MENTAL 

Dipal~toyl phosphatidyleholineltocopheryl acetate disp~rslone were prepared 
in the usual way under oxygen free conditions. The label (zone relined pyrene ! or 
stearic ecid spin labels lira,.) and tocopheryl ~ t a t e  w~re dissolved in chloroform 
and a lipid film was formed by evaporation of the chloroform from tha solution 
containing these components. 
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After addition of an aqueous phosphate buffer-solution (0,067 M Na2HPO4, 
pH = 7) the solution was shaken for about 30 rain on a vortex mixer at a temperature 
o( about 45 °C i.e. above the phase transition. 

L-/],7-Dipalmitoyl-c~-phosphatidylcholine was purchased from Fluka, Buchs, 
tocopheryl acetate was D,L-~-tocopheryl acetate from Hoffmann-La Rnehe, Basel. 
Fluorescence measurements were made with a Perkin Elmer MPF-2A fluorescence 
spectrophotometer and EPP., measurem~.nts with a Varian X-band E 9 EPR spectrom- 
eter. 

MEASUREMENTS 

(1) Pyrene diffusion 
The ratio of  the diffusion coeff~eieut (D) of dipalmitoyl phosphatidyleholine/ 

tocopheryl acetate membranes to the diffusion coefficient (Do) of pule dipalmitoyl 
phosphatidyleholine membranes for pyrene was obtained by measuring the relative 
exeimer/monomer fluorescence quantum efficiency ~o according to the m*~thod intro- 
duced by Galla and Snekmann [3]: 
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with ~,¢o, pyrene excimer lifetim-~ in membrane with and without tocopheryl acetate 
e, co, pyrene concentration per unit area in m'.mbrane with and without tocopheryl 
aectate. 

Fig. I shows the fluorescence spectrum of a membrane dispersion containing 
tocopheryl acetate. The relative quantum efficiency is taken as the spectral intensity 
ratio (~o = (I'/I)) at 480 nm and 373 am respectively. 

The linear dependence o f ¢  as a function of  the pyrene concentration e in the 
membrane above the phase transition (Fig. 2) shows that the exeimer fo~at ion is 
diffusion limited [3]. 

The concentration e (A. "2) of pyrene per unit me~abrane area is given by: 
e = (I/F)(R/(! + ~)), with =, molar ratio oftocopheryl acctate/dipalmitoylphosphati- 
dylchollne; R: molar ratio of pyrene/dipalmitoyl phasphafidyleholine and F = Fo-- 
,*F, average area per molecule in the bilayer. 

The change of the average area per lipid molecule (/IF) of dipalmltoyl phos- 
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Fig. 1. FJtlorc~en~e spectrum of  dipalmitoy] phosphatidylchoIine membr~.~ containiog ! mol 
pyrene arid 20 tool ~ toeopheryl ace/ate. Excitation and fluores~,~e b~.ndwidths 6 and 2 nm respec- 
lively, 

q~ 

0,6 

0,4 T = A5 eC 2 

0,2 ~ 7 

I,~o "~' 3 , ~  4 e . ~  4 c C~ - z ) "  

Fig. 2. l~reae concentration del~lulem~ of  relative excJmcr/monomer qtumtum ell~cieocy of p~rcne 
fluoreseeltce J~ dlpalmKoyl phosphatklyiehollae membranes containil~ 12 me; f~ ~r,~tJhcrYl acetate. 
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Fig. 3. Excimcr fluorescence response ( - .  - )  to an N2-dischnrse Jigbt flash (--). (a) oJ" dJpslmitoyl 
phosphetidylcholine mcmbremes containJnj; I0 tool ~ pyrenc ~ 12,6 mol % tocopheryl acetate. 
(h) of dipelmitoyl phosphatidylcholin¢ membranes cont~ning 10 tool ~ pyren¢ ~ed no tocophelTI 
~k',etate. In the excitation and fluorescen~ I~am an interl'erence filter (Schott) with peak t ra~mlssion 
at 334 nm and an edge filter (Y,-V 408, .~hot0 respectively were L~d. The decay cnrves were measured 
by sampling 500 points per pul~ and by averagins ~12 pukcs with ~ HP ~480 A CAT computer, 
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Fig. 4. Tocophery| acetate eon~emration depen~nc¢ or r¢lalJw la~r~ difl'ueJo~ c¢~J~Jent ofpyrcn~ 
Jn dipalmitoyl phosph~fidylchoJJne/tocophcry| acetate membrane: contslnlnz I too| ~ pyrcn¢ (-0-) ,  
CholesterOl concentration dg:pend~n ce of fcJM|vo la~ed ~fft~io~ coc~J~i~ I: or pyror~ Jn dJpa|mJloyJ 
phosphsfidyicholin¢/cholcetcrol mcmbr~-~s u mcssurnd by Galle. mid Sa¢lm~nn p ]  ( -~ - ) .  Do 
I.O0 - 10 "7 "cm: • s-J [3], Temperature, 45 ~C, 



phetidykholine monolayers spread on water by the incorporation o f  tocopheryl 
acetate has beeo measured in a Langmuir trough and was found to be appruxi:rnately 
A F  = 0 .65 .  u .  F e at 45 °C and 35 dyn era" 4. F o =  58 A z being the area ~,er molecule 
in pure dipaimltoyl phosphatidyleholine membranes at 45 °C measured by X-ray 
diffraction [4], At 35 dyne "cm -1 the dipalmitoyl phosphatidyleholine monolayer 
yields the same area per molecule. The exeimer lifetime mcesurem~mts wen; perfbtmed 
with light flashes of a pulsed nitrogen discharge of 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 phosphatidylahuiiac membr~aes and the tocophery~ acetate containing 
membranes at 45 °C. The exeimer lifetime was evaluated frun~ the flash response 
curve according to [5] and was found to be 73 ns*. From the~ measurements the 
ratio D/Do is obtained according to Eqn, 1 and plotted as a fun,."tion of ~ thi: molar 
ratio of  tocopheryl acetate to dipalmitoyl phosphatidyhiholine in Fig. 4 at 45 °C. 

(2) Order paranwter 
The fatty acid spin labels lln,.n Ig'rform a rapid anisotropic motior~ in fluid 

phospholipid membranes [6, 7]. The averaged components of the hyperfine ~.plitting 
tensor Til and T.L in a membrane bound reference frame with thi: z-axis for~dng the 
axis of fast molecular rotation are taken from the spectra [6, 7]. 

Fig. 5 shows the EPR spectrum of a II 11.4 spin label in a dipalmitoyl ph,3spheti- 
dylchollne/toeopheryl acetate membrane. From Tll and T t the local order parameter 
$ of the fatty acid chain, which is dependent ~)n the depth of the locatiot~ of the 
spin label in the hydrophobi¢ part of  the membrane, can be evahmted apprux~rnately: 

Fig. 5. ESR. spectrum of  t t I j  ,~ ~IpJ P. labelin dipalmib)yl phosphatidylcholinc [oembrancs confining 
28 tool ~ losepheryl acelat¢. 

"w ( ;all& alld ~ k m a l t a  foulzd IO0 t~ for the excimer lifetime irt dJpalmitoy! phosphatidy]choiJno 
membranes at 4S oC in 2 mM C~I aqoeous solution 13}. The dJffer©l;ge may he due to IF¢ dif['er.'nt 
ionic seJtttions u.sgd. I~mme the abselat© value ofz does not inlluetu~ our results we did Jlot invc:~ti- 
Ign¢ this difference further. 
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Fi$. 6. T~mp~ratur©d~p~nd~n~e~f~rd~rIJar~m~t~r~fvarj~ttsepin~abe~s~Im~"ind~p~t~mi~y~h~s- 
phatidyfcholine membranes contaln~tt$ 26 mot % Iocopheryl ae.etate ( - O - }  and pure dipalmitoyl 
phosphatidylcholinc mefftbfall~ (11)), 

s =  r'-~=-~r~.t~-~ r.-T. ~a'~! 

where T= ~ 30.8 G and 7".. ~ Tyy ~ 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 tbe unpaired electron us determined by single crystal exp:riments, aN and 
a'~ are the isotropic hyperfine splitting constants in single crystals and in the model 
membranes respectively. 

In Fig. 6 the order parameter is plotted against temperature for various spin 
labels in dipalmltoyl phosphatidyleholine/tocopheryl acetate membranes. The absolute 
values of $ obtained in this way should he taken with care since it has b~n  shown [8] 
that spin I~hel meusarements do not nece~arily give the correct values for the order 
parameter in membranes, But the relative values of order parameters of dipalmhoyl 
phosphatidylcholine membranes with and without tocopheryl acetate are significant. 
From Fig, 6 it can b.* seen that an incvease of  the order parameter is induced by toco- 
pheryl acetate only in the inner part of  the membrane. 

(3) Phage transition 
In order to measure the fluid (liquid crystalline), solM equilibrium phase 

diagram the spin lahel TEMPO (2,2,6,6.tetramethyl#p~ridine.l.oxyl) was dissolved 
in the aqueous dipalmitoyl phnsphatidyleholine/tocophery! acetate dispersions in a 
concentration of ~;, 10-* M, 

This spin label distributes between the aqueous e, nd lipid phases antlis excluded 
from the lipid phase when it becomes solid. From the relative intensity of the signal 
el'the spin lab:l in the merabranes to the signal of the total spin label, the f-parameter 
can be calculated as function of temp~ature (Fig. 7) and the phase diagram of 
dipalmitoyl phosphatidylchollne/tocopheryl acetate membranes can be e.oustructed 
[9]. 
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1=/8, 7. Temperature depcndemc¢ offlpm'ameter for dip~lmitoyl phOsphalldyleholin¢ mcrrbranvs 
containing 7,8 mol ~ to:ophevyl acetate and pure dipalmitoyl phosphatldylcholine ~mbr~nc~. 

One notices in Fig. 7 that the pretraasition of dipalmitoyl phosplmtidyleholine 
at 36 °C is still clearly visible in membranes co ntalniJtg 7,8 mul % toco~heryl acetate. 
At higher Wcopheryl acetate contents the transitiov, broadens strongl'/and a pre- 
transition can not be seen any more. Higher contents than 40 tool % of tocopheryl 
acetate in dipalmitoyl phosphatidyleholioe membranes we[e exctudect from the mem- 
branes and separated as small droplets in the dispersion. A possible expl~,nafion is 
that tocopheryl acetate does not form stable bil~tyers by itself, otherwise, one would 
probably have folmd phase separation within the membranes at hight:r tocopheryl 
acetate contents. 

In Fig. 8 the incomplete solidus and liqulclus ~.usves of the dipaimitoyl phus- 
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Fis, 8. It, compi le I);',asc dfa~am o f  dip~miwyl phosphatidykho!Jm,, membranes ~ntalnin j  toco- 
phcryl acetate. Abo ~'e 40 met %/ocopheryl aceta(e is exclud~ from the n~mbr~L, lls. 



phalidyloholine/tocopheryl acetate dispersions for the main transition up to this 
critical tucopheryl acetate concentration are plotted, From the shape of these curves 
it can be seen that up to this critical tocopheryl acetate concentration the components 
arc completely miscible in the solid and liquid crystalline phases, 

CONCLUSIONS 

This investigation shows, that the lateral diffusion coefftclent for pyrene in 
dipplmitoyl phospl~tidylcholJne membranes is decreased (Fig. 4) and the order 
parameter of  the fatty ~eld chains increased (Fig, 6) in the hydrophobie inner part by 
~,ocopheryl acetate. 

A higher order parameter can be interpreted as decreased fatty acid chain 
mobility (trans-gaache isomerisatlon) [10J, Therefore it seems that tocopheryl acetate 
reduces the probability for trans-ganehe Jsomerisation in the inner part of the mem- 
brane. Molecular models show that in the tocopheryl acetate-molecule the methyl 
groups of the sidechaJn impede trans-ganche isomerisation by sterlc interaction. 
This induces increased order in the bilayer, 

This increase of $ in the hydrophobie inner part of the membranes also explains 
the reduction of the diffusion coefficient of pyrene, It is in qualitative agreement with 
the picture of the diffusion of  this molecule as being a hopping process determined by 
the rate of formation of free volume in the hydrophoble part of the membrane by 
thermally created rotational isomers (kinks) in the pho~pholipid molecules [11], 
Cholesterol also increases the order p a r a m ~ r  of dipelmJtoyl 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- 
philio outer part of  the membrane [12]. Cholesterol redace~ the pyrenc lateral diffu- 
sion more than tocopheryl acetate in the same reeler ratio (Fig. 4), 

Tocopheryl acetate has a strong effect on the phase transition of dlpalmltoyl 
phosphatidylcholine/tocopheryl acetate membranes (Fig. 8). It broadens the tempera- 
tttre range of the transition appreciably up to a critical tocopheryl acetate co~,entra- 
tion from where on tocopheryl acetate is excluded, from the membranes. Below this 
critical tocopheryl ac,-~ate concentration dipalmitoyl phosphatidyleholine and toeo- 
pheryl acetate seem to be completely miscible in the solid and liquid crystalline state 
of  the membrane, 
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