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Abstract. The presence of proteins in lipid bilayers al- Introduction
ways decreases the excimer formation rate of pyrene and

pyrene lipid analogues in a way that is related to thegjological membranes consist of a bilayer of different
protein-to-lipid ratio. Energy transfer measurementsciasses of lipids, into which several types of integral
from intrinsic tryptophans to pyrene have shown (En-proteins are integrated. The fractional membrane area
gelke et al., 1994), that in microsomal membranes, thavhich is occupied by proteins (determined from the dry
excimer formation rate of pyrene and pyrene fatty acidsweight fraction and the molecular size) varies in the
is heterogeneous within the membrane plane, becauserange from 20 to 75%. Fluorescence spectroscopic mea-
lipid layer of reduced fluidity surrounds the microsomal surements have shown, that due to their greater mass not
proteins. This study investigates whether of not lipo-only the lateral mobility of the proteins is lower than that
somes prepared from egg yolk phosphatidylcholine withof the lipids (Vaz et al., 1984), but also the lateral mo-
incorporated gramicidin A give results comparable tobility of the lipids is reduced in the presence of integral
those from microsomal membranes. The results indicat@roteins compared to pure phospholipid bilayers.
that the influence of proteins on the lipid bilayer cannot One approach to the study of lateral lipid diffusion is
be described by one unique mechanism: Small proteinbased on the excimer formation of pyrene or pyrene-
such as gramicidin A obviously reduce the excimer for-labeled fatty acids and phospholipids (Galla & Sack-
mation rate by occupying neighboring positions of themann, 1974; Galla et al., 1979). In solution, the excimer
fluorescent probe and thus decrease the pyrene collisioformation depends on the local concentration, the tem-
frequency homogeneously in the whole membrane planegyerature and the viscosity of the solvent (Birks, 1970;
while larger proteins are surrounded by a lipid boundaryForster, 1969). Galla and Sackmann (1974) showed that
layer of lower fluidity than the bulk lipid. the excimer formation kinetics of pyrene in lipid bilayers
The analysis of the time-resolved tryptophan fluo- depends on its diffusion in the bilayer plane. Variations
rescence of gramicidin A incorporated liposomes re-in the lipid bilayer fluidity can be characterized by the
veals, that the tryptophan quenching by pyrene is stronintensity ratios of the excimer and monomer fluores-
ger for tryptophans located closely below the phosphocence (Galla & Sackmann, 1974; Vanderkooi & Callis,
lipid headgroup region because of the pyrene enrichmernt974).
in this area of the lipid bilayer. The presence of proteins in biological membranes has
important consequences for the in-plane diffusion. This
effect on the long-range diffusion of lipids has been
Key words: Energy transfer — Intrinsic tryptophans — evaluated by several authors (Eisinger et al., 1986; Baros
Pyrene excimer formation — Membrane fluidity — etal., 1991). The presence of proteins also decreases the
Gramicidin incorporated liposomes — Microsomal ratio of excimer-to-monomer fluorescence (E/M) in a
membranes way which is related to the protein-to-lipid ratio
(Almeida et al., 1982). According to the Milling Crowd
Simulation Model from Eisinger et al. (1986) proteins
S are considered as lipid-forbidden hexagons in the bilayer.
Correspondence tayl. Engelke Four different effects may contribute to a protein-
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induced reduction of the excimer formation of pyrene mations depending on the organic solvent used for the
and pyrene lipid analogues: (i) Proteins represent memembrane preparation procedure (Killian & Urry, 1988;
chanical barriers for lipids and fluorescent probes. ProBaro et al., 1991). We have used trifluoroethanol as the
teins statistically reduce the excimer formation by occu-solvent to get the so-called channel conformation of
pying neighboring positions of the probe and increase thgramicidin (Tournois et al., 1987), a single-stranded
path length of the pyrene molecules before they collide 8-helical membrane spanning dimer of about 25-30 A in
(i) Lipids adjacent to the protein surface are immobi- length, consisting of two gramicidin molecules. Grami-
lized and their exchange frequency (and that of the pycidin A contains 4 tryptophan residues which are all
rene molecules in this area) may be significantly lowerlocalized in the proximity of the C-terminus (Woolley &
than in the bulk lipid matrix. (iii) The rotational freedom Wallace, 1992). Fluorescence lifetime measurements of
of the lipid acyl chains adjacent to the proteins is reduceddramicidin A exhibit a double exponential character con-
due to a protein lipid interaction. (iv) Molecules such asSisting of a very short-lifetime componerifl(ns) and a
pyrene may be motionally restricted at the protein lipid longer one [(Bns), e_ach w_lth a similar contribution to the
interface due to charge transfer interaction between ard®t@l fluorescence intensityris pape. o
matic groups of the molecule and the protein (Engelke et . !N this paper we have compared the E/M ratio in

al., 1995), or pyrene molecules are bound at hydrophobiglicrosomes (PLM) and gramicidin A containing lipo-
protein pockets (Jones & Lee, 1985; Imai, 1982). somes (GAL) at direct excitation at 336 nm or at exci-

We have shown (Engelke et al., 1994), that in mi- tation by energy trar_lsfedr Lrom intrinsicltryptoph?ns.l
crosomal membranes a lipid layer of reduced fluidity MOreover, we determined the transversal pyrene local-

surrounds the proteins. Pyrene and pyrene fatty acids dgtion In GAL and PLM by studying the fluorescence

not diffuse homogeneously within the membrane planequenching of intrinsic tryptophan by pyrene. A CaniS'
because a fluidity gradient exists from the lipid bilayer to tent Interpretation leads to the suggestion that d!ﬁgrent
the proteins. mechanisms are responsible for the reduced fluidity in

A broad spectral overlap exists from the emissionmembralnes containing small (GAL) or large (PLM) pro-

spectrum of intrinsic tryptophans (donor) and from thetems'
absorption spectrum of pyrene and pyrene derived
prope§ (acceptor). By nonradiative energy transfe_r froM\aterials and Methods
intrinsic tryptophans only the pyrene molecules in the
protein surrounding (approximately the'rSter radius)
are selectively excited, the excimer formation rate in thePREPARATION OF LIPOSOMES ANDMICROSOMES
near protein environment can be separated from that in
the bulk lipid layer. Liposomes were prepared according td'8abal. (1991) to achieve a

It was the aim of this study to investigate, Whethergramicidin dimer as the major gramicidin conformation in the lipid
i d d with | tid b ded bilayer. Egg yolk phosphatidylcholine (EPC) (Sigma, Deisenhofen,
Iposomes doped with polypeplides may be regarde aéermany) was dissolved in dichloromethane/methanol (2:1) and evap-
models for natural membranes. As natural membrane§rated to deposit a lipid film on the wall of a glass tube. Gramicidin D
we used microsomal membranes prepared from the ensigma) dissolved in trifluoroethanol was added and also evaporated.
doplasmatic reticulum of pig livers (PLM), because theseFor control measurements, liposomes without gramicidin were pre-
membranes are well characterized in their structural an@ared. Final traces of the residual solvent were removed under vacuum
functional aspects (Schulze & Staudinger, 1975). overnight. The lipid-gramicidin mixtures were dissolved in an appro-

We h d icidin D i ted int priate amount of TRIS buffer solution (100MMTRIS, pH 7.4). The
e have used gramicidin Incorporated INto eggsamples were then vigorously vortexed at room temperature, followed

yolk phosphatidylcholine liposomes (GAL) as a modelpy sonication for 15 min at 50°C by using an ultrasonic generator
system. Simulations using the Milling Crowd Model (Bandelin Elektronik, Berlin, Germany) at maximum power settings
(Eisinger et al., 1986) have shown that the diffusion co-and 30% cycle. In the process of preparation we systematically de-
efficient of |ipidS is reduced to a much greater extent9dassed the probes with nitrogen to avoid lipid oxidation. After soni-
by small proteins than by larger ones, when they OCCUp)zation’ the samples were centrifuged for 5 min at 4,000 g to remove

h fracti | G icidin D i tural mi eavier particles and remaining multilamellar aggregates from the
e Ssame fracuonal area. Gramicidin U 1S a natura mIX'preparation. The lipid content in the liposomes was determined ac-

ture that contains predominantly (87%) gramicidin A. cording to Stewart (1980) and the gramicidin A concentration was
Gramicidin A is a well described (Woolley & Wallace, evaluated by measuring the absorbance at 280 nm after dilution of the
1992) peptide of 1867 Dalton. This polypeptide has thesample in methanol using a molar extinction coefficient of 20700'cm
ability to form conducting cation-selective transmem- M~ (Bafo et al., 1991). The final gramicidin concentration was 0.94
brane channels, and to monitor its effect on |ipid orga_mg/ml. The gramicidin-to-lipid mole ratio of our preparations was

SR -~ L 270,08,
nization it is necessary to study lipid-protein interaction. Pig livers were supported from the public slaughterhouse. Mi-

Because of its hydmphOb'C nature gram|C|d|n A crosomal fractions were prepared by differential centrifugation (Lu,

incorporates easily into the acyl chain region of phospho1976). Microsomes were suspended in a 0/0otassium phosphate
lipid bilayers, where it can exist in different confor- buffer, pH 7.7, with 20% glycerol, and stored at 213 K. Microsomal
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protein was determined by the method of Peterson (1977). All mea- E/M
surements were carried out on material taken from the same prepard-5 -
tion. The molar protein to lipid ratio was about 0.025.

0,4 =

STEADY-STATE FLUORESCENCEMEASUREMENTS
0,3~

The steady-state sample fluorescence was recorded upon front face
excitation using the equipment built in our laboratory and described0.2 ]
previously (Kawski & Nowaczyk, 1990; Kawski et al., 1994). In all
measurements we use 1 mmcuvette to keep the optical density 01 T
below 0.1 and to avoid scattering and secondary effects. For direct e
measurements, the fluorescence of pyrene (high purity; Molecular
Probes, Oregon) was excited at 336 nm. Fluorescence spectra wered ‘ T w ‘ \
scanned from 360 to 500 nm. In the case of energy transfer measure- © 0.5 1 15 2 25 3
ments, the excitation wavelength was 292 nm (high tryptophan but low c(mol%)
pyrene absorption) and the spectra were recorded from 300 to 500 nm.
For the calculation of the excimer to monomer fluorescence ratio weFig. 1. Excimer-to-monomer fluorescence ratio (E/M) for microsomes
used the signal intensities at 393 nm (peak of the pyrene monomeand liposomes. Symbols denote experimental E/M values for micro-
band) and at 468 nm (maximum of the pyrene excimer band). Pyrensomes excited at 292 nn®§ and 336 nm M) as well as for liposomes
was added from a I8-m stock solution in ethanol to the liposomal or excited at 292 nm@) and 336 nm[{J), respectively.
microsomal suspension to give a final concentration of 0.5-3 mol%
pyrene per lipid.

Energy-transfer efficiencies (ET) were determined from the Regylts
guenching of the tryptophan fluorescence according to the equation:

ET=1-1, @) EXCIMER-TO-MONOMER FLUORESCENCERATIO

wherel and|, are the tryptophan emission intensities in the presenceln Fig. 1 the intensity ratio of the excimer-to-monomer
and absence of pyrene probes, respectively. The intensities were evalgmission (E/M) for PLM and GAL is plotted against the
ated from thezp;ezak height of the 330 nm tryptophan fluorescence undefrope concentration, both for direct excitation at 336 nm
excitation at nm. N o
According to Kleinfeld and Lukacovic (1985) the pyrene fluores- and for excitation by. energy transfer from infrinsic tryp-
cence due to energy transfer from tryptophan is given by: tophans. At the QXCItathn Wavelength_ of 335 nm all py-
rene molecules in the bilayer are excited with the same
probability, but when excited at 292 nm only the pyrene
molecules in the immediate protein surrounding can be
in which Iz is due to the nonradiative energy transfiy,is due to exmted_ (appr_oxmately the Frster _rad_lus). The fluores-
direct emissionl,, is due to the tryptophan emission background and CeNCe intensity of pyrene for excitation by energy trans-
I, due to radiative migration. The influence of these nomsker ~ fer was evaluated according to the protocol given in Ma-
mechanisms on the evaluation of the pyrene monomer and excimeferials and Methods (Eq. 2). The E/M ratio increases
fluorescence have been described (Engelke et al., 1994). |inear|y with increasing pyrene concentration for all
samples. While for GAL the E/M increase is the same
for direct and indirect excitation, pyrene excitation by
TIME-RESOLVED FLUORESCENCEMEASUREMENTS energy transfer from microsomal tryptophan always re-
sults in a lower E/M ratio due to a reduced excimer

Fluorescence lifetimes were extracted from the fluorescence decayfsbrmation rate compared to direct excitation
using bi-exponential analysis. Fluorescence decays were measured us-

ing the standard time-correlated single photon-counting method.

Samples were excited at 292 nm by light pulses with a time ha”WidthTRYPTOPHAN QUENCHING

of ty, < 5 ps at a frequency of 700 kHz. As a light source we used the

second harmonic of a R6G dye laser equipped with the cavity dumper . . . L .

pumped by a mode-locked Coherent Antares 76 YAG laser system[ncreasmg pyrene concentration in the lipid bilayer re-
As detectors served the Antel ARS-2 fast photodiode in start channeSults in a linear decrease of the microsomal and grami-
and a Philips XP 2020 Q photomultiplier in stop channel. In the elec-cidin tryptophan fluorescence due to energy transfer
tronic part we applied a constant fraction discriminator TC 454 Tenn-from excited tryptophans to pyrene. Figure 2 shows the
elec, a TC 864 Tennelec time-amplitude converter and NucIeus-OxfordStem_vo|mer p|0t of the tryptophan quenching for PLM
Personal Computer Analyser PCA 1l 8000. For deconvolution a com--nd GAL up to a pyrene-to-lipid ratio of 3 mol%. In

mercial software Edinburgh Analytical Instruments FLA-900 was em- . .
ployed. We checked shape and location of the tryptophan part of th(.GAL' the tryptophan quenChlng by pyreneis much stron-

fluorescence spectra independently and virtually no change in thes§€r tha'n in_ PLM. The different eXten.t of 'tryptop.han
characteristics was found at concentratiet® mol%. guenching in both membrane preparations is confirmed

I =lgr+lp+lppy +lg 2
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lo/1-1 Table. Lifetimes of tryptophans in (A) microsomes and (B) gramicidin
1,6 A incorporated liposomes as a function of increasing pyrene concen-
14 trations in the bilayer
1,2 A. Microsomes
; 1 c[mol%] 7y[ns] Ty[ns] « %] «[%] Aty[ns] Ar,[ns] x2
0,8 0.00 3.78 1.25 47.1 52.9 0.022 0.016 1.44
] ) 0.50 3.75 1.22 47.2 52.8 0.017 0.017 1.55
0,6 - 0.75 3.74 1.22 47.4 52.6 0.018 0.015 1.66
0.4 T 1.00 3.67 1.15 47.9 52.1 0.018 0.017 1.68
] 1.50 3.58 1.11 48.3 51.7 0.017 0.018 1.72
0,2 | 2.00 3.55 1.07 48.9 51.1 0.015 0.014 1.77
o ‘ ‘ 2.50 349 1.06 49.2 508 0.017 0.015 1.89
0 05 1 15 5 25 3 3.00 3.47 1.02 49.9 50.1 0.018 0.014 2.05
o(mol%) B. Gramicidin A
0.00 3.38 1.10 40.1 59.9 0.020 0.014 1.24
Fig. 2. Stern-Volmer plot of tryptophan fluorescence quenching by g 5g 3.35 1.07 400 60.0 0.015 0.015 1.25
pyrene in microsomed) and in gramicidin A incorporated liposomes g 75 334 1.02 395 60.5 0.017 0.013 1.32
(m). 1.00 327 095 391 609 0019 0016 137
1.50 3.18 0.91 39.2 60.8 0.022 0.014 1.42
2.00 3.15 087 383 617 0.016 0.015 1.51
by the time-resolved determination of the tryptophan2.so 307 083 375 625 0019 0013 1.72
fluorescence decay times. Tryptophan lifetime measures.00 299 077 370 63.0 0.017 0.015 1.92

ments (Table) reveal two components, both, in proteins

from microsomes and in gramicidin A. In correspon- 7[NSl lifetimes of the two components

dence with the steady-state measurements, tryptoph%g%] frac“(‘i’”"’c‘i' gon.tr'k.’““o” of the two lifetime components

lifetime decreases linearly with increasing pyrene con-XzT[ns] ;;indnagss Oefv;;’:tltlons

centration due to the collisional quenching. The de-

crease of the shorter lifetime component with increasing

pyrene concentration is stronger than that of the long ET(%)

lifetime component, especially in gramicidin A. It 707

should be stressed that the parameters obtained withig, -

the two-exponential model although not perfect are con-

sistent, which suggests that such analysis may be use® -

for qualitative analysis at low and moderate acceptor -

concentrations. For deviations from this model at high- - T T

est concentrations of pyrene, the increasing strength ofo i /f

energy transfer is responsible. 20 .

ENERGY TRANSFER FROMINTRINSIC TRYPTOPHAN 104

To PYRENE 0-¢ : :
0 0,5 1 1,5 2 2,5 3

The tryptophan fluorescence quenching and the de- c(mol%)

creased tryptophan fluorescence lifetimes caused by py- N o

rene indicate a more efficient nonradiative energy trans_f'g' 3 Energy transfer eff|C|_er_lc_y from intrinsic tryptophans to pyrene

fer from tryptophan to pyrene in GAL than in PLM. En- in microsomes @) and gramicidin A incorporated liposomel,

ergy transfer efficiency data for different molar pyreneto = . .
lipid ratios are plotted in Fig. 3. citation by energy transfer (Fig. 1). There are two great

differences between the results obtained from PLM and

GAL: (i) In spite of the high molar concentration of
Discussion incorporated gramicidin A (8% compared to the molar

protein to lipid ratio of 2.3% in PLM) the overall E/M
For pig liver microsomes (PLM) as well as for liposome ratio is higher in GAL than in PLM. (ii) A difference in
incorporated gramicidin (GAL) the evaluation of the ex- the mean excimer formation rate compared to the ex-
cimer to monomer ratio (E/M ratio) reveals a linear in- cimer formation rate in the protein surrounding upon
crease with increasing molar pyrene concentration in thenergy transfer excitation from tryptophan was observed
bilayer for both, direct excitation at 336 nm and at ex-for PLM but not for GAL.
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To explain the difference in the mean E/M ratio proteins is reduced compared to the average excimer
between PLM and GAL, we have calculated the frac-formation rate, which seems in favor of the second
tional area covered by proteins assuming an average pronodel. Proteins dispersed in the microsomal membrane
tein diameter of 30 A for microsomal membranes and 15not only exert an effect on long-range diffusion like im-
A (Wu et al., 1978) for gramicidin A. The fractional area mobile obstacles, but rather affect the order of the adja-
f is defined by the sum of obstacles, i.e., proteins (Eis-cent lipid acyl chains. This model is supported by sev-
inger et al., 1986), divided by the total area of the mem-eral authors (Chapman, 1982; Jost et al., 1973; Almeida
brane. Since the higher molar gramicidin concentratioret al., 1982), who propose a boundary lipid layer of re-
compensates for the smaller diameter of the polypeptidejuced fluidity around proteins. The physicochemical
the fractional protein areas of both preparations do onlyorigin of such a ‘lipid boundary layer’ can be explained
differ a little: f = 0.20 for GAL and 0.23 for PLM. Ac- by the ‘matrass-model’ introduced by Mouritsen and
cording to Saxton’s modified percolation theory (1982), Bloom (1984), which is based on mechanical protein-
a semiquantitative cubic function for the diffusion coef- lipid interaction, or by hydrogen bondings between in-
ficient governs the dependence of the diffusion rate ordole rings of the proteins and the carbonyl groups of the
the fractional area. Small changes in the fractional areadjacent lipids at the protein-lipid interface (Muller et al.,
lead to large changes in the diffusion coefficient as wel995; Mukherjee & Chattopadhyay, 1994).
observe in our measurements. In contrast to the results obtained from PLM no

Our results can also be discussed by the depolarizadifference was found in the excimer formation rate in the
tion studies on gramicidin A incorporated DOPC vesiclevicinity of gramicidin A and the bulk lipids. The reason
bilayers (Muller et al., 1995). Their measurements re-for the different results revealed from PLM and GAL
veal little change in the steady state fluorescence anisotnight be the heterogeneous lipid composition of the
ropy in the hydrophobic bilayer center, but a much largermembrane of PLM. The microsomal lipid is composed
effect on the outer bilayer region, when gramicidin A is of 55% PC, 20% PE, 9% PIl, 7% PS and 9% others
in its channel conformation. The ordering effect of (Schulze & Staudinger, 1975). According to Pap et al.
gramicidin A on the bilayer is found to depend both on (1995) the excimer formation of dipyrenyl-labeled Pl is
the conformation of the polypeptide and the depth of thesignificantly influenced by Band 3 protein, while dipy-
bilayer at which the order is probed. Since in our GAL renyl-labeled-PC is hardly affected by the presence of
preparation, gramicidin A is supposed to be in its channethis protein. Nonuniform distribution of phospholipids
confirmation and pyrene mainly labels the acyl chainand their interaction with membrane proteins may be rate
region of the bilayer, only small effects on the pyrenelimiting for the excimer formation in PLM. Since the
excimer formation are reasonable. lipid fraction of GAL consists of EPC only, no such

On the other hand, our measurements are contradiaeduction in the excimer formation rate in the protein
tory to the results from Eisinger et al. (1986): Milling surrounding could be observed. The effect of gramicidin
Crowd Model Simulations of pyrene lipids reveal that A on the lipid morphology depends critically on the spe-
the diffusion coefficient depends both on the fractionalcific lipids involved (Woolley & Wallace, 1992; Turnois
area covered by the obstacles and on their size. Thegt al., 1987).
propose from their calculation, that the lipid diffusion is One also has to consider the size of the proteins.
reduced to a much greater extent by small obstruction&ramicidin A is small compared to microsomal proteins.
than by larger ones at the same fractional area. At temperatures above the phase transition, all gramici-

A further difference between the results from GAL dins are randomly distributed in the lipid bilayer (Chap-
and PLM (Fig. 1) is that the increase of the E/M ratio is man et al., 1977), and each gramicidin molecule is en-
stronger at direct excitation than at excitation by energyclosed by approximately 6 lipid molecules. At a molar
transfer for PLM but not for GAL. While the E/M ratio protein-to-lipid ratio of 0.08 in our preparatioadeMa-
at direct pyrene excitation represents the mean value dkrials and Methods) we assume that no large lipid do-
the overall excimer formation, E/M ratios at excitation mains exist and probably all pyrenes may be excited by
by energy transfer only result from pyrene molecules inenergy transfer from tryptophan. In microsomal mem-
the neighborhood of the proteins. Figure 1 shows thabranes at an identical protein to lipid ratio some of the
the excimer formation in the vicinity of the microsomal pyrene molecules may accumulate in lipid clusters.
proteins is much more affected than in the bulk lipid These pyrene molecules are not ifir§ter distance to
region. As described in the introduction, a decrease oproteins.
excimer formation by proteins originates from either sta- Fluorescence quenching (Fig. 2) and energy transfer
tistical factors (increased path length and decreased pyefficiency (Fig. 3) of intrinsic tryptophans in the pres-
rene collision frequency) and/or from differences in localence of pyrene are stronger in GAL than in microsomal
order and dynamics of lipids in the vicinity of proteins. membranes. For both microsomal and gramicidin tryp-
In microsomal membranes, the excimer formation neatophan, the fluorescence is quenched linearly with in-
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creasing pyrene concentration in the bilayer (Fig. 2) andsurrounded by a lipid boundary layer of lower fluidity
modified Stern-Volmer plots reveal that all tryptophansthan the bulk lipid.
are accessible to the quenchdata not showp Fluo-
rescence maxima for both microsomal and gramicidi
tryptophans are at 330 nm. This blue shift is interprete
as being due to the shielding of the tryptophan residu@meida, L.M., Vaz, W.L.C., Zachariasse, K.A., Madeira, V.M.C.
from the aqueous phase either by the protein or the lipid 1982. Fluidity of sarcoplasmatic reticulum membranes investigated
environment. The fluorescence quenching of micro- with dipyrenylpropane, an intramolecular excimer prabiechem-
somal tryptophan is weak compared to tryptophan_ istry 21:5972-5977 _ N
quenching in gramicidin, because microsomal proteing®@™: M-C., Braco, L., Abad, C. 1991. Conformational transitions of
. . . gramicidin A in phospholipid model membranes. A high perfor-
are mu_Ch larger than gramicidin, which consists of_only mance liquid chromatography assessmé&ibchemistry30:886—
15 amino acids. Most of the tryptophans from micro- ggs
somal proteins are supposed to be deeply buried in thBaros, F., Naoumi, A., Viriot, M.L., Andre, J.C. 1991. Lateral diffusion
protein center and statistically less accessible to the ac- in synthetic membranes: models and experiments on protein influ-
ceptor molecules. ence.J. Chem. Soc. Faraday Tran87:2039—-2046

The steady-state measurements of the fluorescenc%rklf’ J.B. 1970. Excimer fluorescence of aromatic compoufs.
. . rogress in Reaction Kinetics. Vol. 5. G. Porter, editor. pp. 181—
guenching of tryptophan by pyrene are confirmed by the 5,5 Pergamon Press, Oxford
tryptophan lifetime measurements. Fluorescence lifechapman, D., Cornell, B.A., Eliasz, A.W., Perry, A. 1977. Fractions of
time analysis shows a double exponential decay, corre- helical polypeptide segments which span the hydrocarbon region of
Sponding to a short- and a |0ng_|ifetime component lipid bilayers. Studies of the gramicidin A lipid-water systefiol.
(Table), for PLM and for GAL. The two lifetime com- 113517-538 o o )
. s . Chapman, D. 1982. Protein-lipid interaction in model and natural bio-
Ponems are ascribed to dISt_m_Ct, tryp'tophan environments membranesin: Biological Membranes. Vol. 4. D. Chapman, edi-
in the membrane. For gramicidin A it has been proposed . pp. 180-229. Academic Press, London
by Mukherjee and Chattopadhyay (1994), that the shorkisinger, J., Flores, J., Petersen, W.P. 1986. A milling crowd model for
lifetime component corresponds to the self-quenching of local and long-range obstructed lateral diffusidiophys. J.
an interacting tryptophan pair. For gramicidin A, this  49:987-1001 , _ _
pair could be tryptophans-9 and -15, because of theif"9¢ke M., Behmann, T., Ojeda, F., Diehl, H.A. 1994. Heterogeneity
Lo . . . of microsomal membrane fluidity: evaluation using intrinsic tryp-
ploge proximity in aB'hellcaI .conflgurat!on. The local- tophan energy transfer to pyrene prol@sem. Phys. Lipidg2:35—
ization of the tryptophan pair responsible for the short 49
lifetime component is near the phospholipid headgrougEngelke, M., Klockmann, H.-C., Diehl, H.A. 1995. Gramicidin effects
region at the lipid-water interface just as one of the tryp-  on the transverse and lateral distribution of pyrene and pyrene
tophans emitting the long-lifetime component. Only one derived probes in lipid bilayersSpectrochimica Acta Part A
tryptophan is localized in the hydrophobic acyl chain 51:1939-1947

. he bil kheri h Forster, Th. 1969. ExcimeréAngew. Chem81:364-374
region near the bilayer center (Mu erjee & Chat- Freire, E., Snyder, B. 1982. Quantitative characterization of the lateral

topadhyay, 1994). Since the protein composition of the istribution of membrane proteins within the lipid bilayBiophys.
microsomal membrane is rather complex it is impossible J.37:617-624

to relate the fluorescence lifetime distribution to the tryp-Galla, H.J., Sackmann, E. 1974. Lateral diffusion in the hydrophobic
tophan localization. region of membranes: Use of pyrene excimers as optical probes.

. Biochim. Biophys. Act&39:103-115
. .BOth fluorescence d.eca.'y components of the bImOda!EaIIa, H.J., Theirl)er)wl, U., Hartmann, W. 1979. Transversal mobility in
distribution decrease with Increasing pyrene concentra- bilayer membrane vesicles: use of pyrene lecithin as optical probe.
tion, both, for microsomal and gramicidin tryptophan  chem. Phys. Lipid@3:239-251
(Table), in correspondence to the steady-state quenchingai, Y. 1982. Interaction of polycyclic hydrocarbons with cytochrome
data (Fig. 2). Since for gramicidin A the decrease of P_—450. I. Specific binding of various hydrocarbons to P-448.
fluorescence lifetime is stronger for the short component, Blochem.92:57-66 . o .
. Jones, O.T., Lee, A.G. 1985. Interaction of pyrene derivatives with

we conclu_de, that an enrlchr.nent. of pyrene occurs to bé lipid bilayers and with (C&-Mg?*)-ATPase. Biochemistry
in the region of the acyl chains tightly below the phos- 5421952202
pholipid headgroups. Jost, P.C., Griffith, O.H., Capaldi, R.A., Vanderkooi, G. 1973. Evi-

In summary, our results demonstrate that no unique dence for boundary lipid in membrané&oc. Nat. Acad. Sci. USA
mechanism can describe the influence of proteins on 70:480-484 _ o
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