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The nonspecific adsorption of amphiphilic mol-
ecules onto the membrane depends both on the
properties of the adsorbate and the state of the
lipid bilayer. Electrostatic interactions drive the
adsorption of charged molecules and hydropho-
bicity determines partition of the adsorbate into
the membrane, whereas the steric compatibility
of the lipid bilayer and the amphiphilic molecule
is an additional factor to be accounted for when
considering interaction between the adsorbate
and the membrane. The adsorption of phenyltins
was evaluated from changes in Fluorescein-PE
fluorescence intensity. The pH sensitivity of
fluorophore, located at the membrane surface,
was utilized to detect charges introduced onto
the membrane by adsorbing compounds. It has
been shown that the state of the membrane
affects phenyltin adsorption in accordance with
the number of phenyl rings on the molecule.
Furthermore, the membrane surface topology
determines interfacially located triphenyltin
adsorption, with a much weaker effect on deeply
embedded diphenyltin. When the dipalmitoyl-
phosphatidylcholine (DPPC) model membrane
is in the ripple phase, with complex surface
morphology, phenyltin adsorption is greatly
enhanced. Results presented in this paper show
that steric constraints imposed on rigid and
bulky amphiphilic compounds by ordered alkyl
chains and membrane surface topology affect
nonspecific molecule adsorption onto the mem-
brane. Copyright # 2000 John Wiley & Sons,
Ltd.
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INTRODUCTION

When a biologically active compound approaches
the cell surface, it can interact with proteins or
lipids, depending on its protein specificity and
overall affinity with the lipid bilayer; the latter
depends mainly on the hydrophobicity of the
compound. Most small amphiphilic molecules
penetrate the cell plasma membrane via nonspecific
partition into the lipid bilayer, affecting its structure
in a way similar to that of a detergent filling the free
volume of the hydrophobic core. The activity of the
compound depends predominantly, in this case, on
its membrane partition coefficient and ability to
disturb the organization of the hydrocarbon chains.
However, there are molecules whose structure
restricts their ability to penetrate the ordered lipid
bilayer interior. Their location within the mem-
brane depends, in addition to their hydrophobicity,
on their steric compatibility with the lipid fraction
of the membrane.

For practical purposes, the lipid bilayer can be
divided into two compartments: the hydrophobic
interior (composed of hydrocarbon chains) and the
interface. The interface constitutes almost half of
the lipid bilayer’s thickness, and is the region
between the water phase and the hydrophobic
membrane interior, hence depending on the proper-
ties of both phases. Interface properties determine
the efficiency of amphiphilic molecule adsorp-
tion.1–3 The effect of the state of the interface is
especially evident when adsorbing molecules have
bulky and rigid residues.4–6 Rigid rings prevent
penetration into the membrane interior, regardless
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of hydrophobicityevaluatedby the octanol/water
partition test. Steric constraintsare thereforean
additional factor determining the location of a
compoundwithin the lipid bilayer. As has been
shown previously, phenyltins are examples of
moleculeswhoseadsorptiononto the lipid bilayer
dependson steric constraints.7 The partition of
thesemoleculesis driven not only by their hydro-
phobicitybutalsoby their stericcompatibilitywith
the highly orderedlipid bilayer. Steric constraints
causethelesshydrophobicdiphenyltinto penetrate
the membranehydrophobiccore more effectively
thanthemorehydrophobictriphenyltin.This result
is in agreementwith the observation that the
presenceof cholesterol,which modifiesthe mem-
brane hydrocarbon region, reduces diphenyltin
adsorption,whereasthe effect of surface-active
triphenyltin is complex(paperin preparation).The
presenceof cholesterolreducesthe availablefree
volume,limiting theamountof acompoundableto
beaccommodatedin thehydrocarbonregionof the
membrane.8,9

This paper describesstudieson the effect of
membranesurfacetopology on the adsorptionof
diphenyltin and triphenyltin. For that purpose,we
havechosena lipid bilayer formed from dipalmi-
toylphosphatidylcholine (DPPC) as a model
membrane. Its phase behavior is well known
and readily availablefrom the literature:at 41°C
the DPPC bilayer undergoes its main phase
transition, precededby pretransitionat 35°C.10

Below their pretransitiontemperature,lipids are
in a gel phase with well-ordered hydrocarbon
chains.Above the main phasetransitiontempera-
ture the membraneis in a liquid-crystallinephase,
with increasedsurfaceareaper lipid moleculeand
mobile hydrocarbon chains.11,12 At the main
phase transition the two phases coexist and
defects, formed at domain boundaries, cause
increasedmembranepermeability and elevated
adsorption of some amphiphilic molecules.13–16

Pretransitionis associatedwith increasedmobility
of lipid headgroups.17,18 At temperaturesbetween
thoseof pretransitionand main phasetransition,
the membraneis in the so-called‘ripple phase’.
The membranehasorderedhydrocarbonchainsin
this phasebut its topology is altered:the bilayer
forms ripples (the b phase)19–21 Small sawtooth-
like asymmetricripples are characteristicfeatures
formed upon heatingthroughpretransition.19 Our
aim in this paperis to establishthe effect of the
membranestateon the adsorptionof amphiphilic
molecules which are located differently in the
lipid bilayer.

MATERIALS AND METHODS

Materials

DPPC was purchasedfrom Avanti Polar Lipids
(Alabaster,GA, USA), andthe fluorescenceprobe
N-(5-fluoresceinthiocarbamoyl)dipalmitoyl-L-a-
phosphatidylethanolamine (Fluorescein-PE)from
Molecular Probes(Eugene,OR, USA). All orga-
notin compounds,i.e. (C6H5)3SnCl (triphenyltin
chloride), (C6H5)2SnCl2 (diphenyltin dichloride)
and (C4H9)3SnCl (tributyltin chloride), were ob-
tained from Aldrich Chemical Co. (Steinheim,
Germany)or Alfa Products(Karlsruhe,Germany).
The remainingchemicalswereof analyticalgrade.

Fluorescence measurements

Multilamellar vesicles(MLVs) werepreparedin a
mannerdescribedelsewhere.7 In short, the lipid
togetherwith an appropriateamountof Fluores-
cein-PEwasmixed in chloroform.The concentra-
tion of the fluorescentprobewasbelow 0.1mol%
of lipid. The chloroform was then removedunder
vacuum,aphosphatebufferwith 140mM NaClwas
addedand the samplewas vortexed to obtain a
milky suspensionof MLVs. In experimentswhere
the dependenceof fluorescenceintensity on tem-
peraturewas measured,an appropriateamountof
an organotincompoundwas addedto the MLVs
and the samplewas incubatedfor 15min. Each
sample of the vesicle suspensionwas prepared
shortly beforemeasurementsandkept on ice until
needed.Before eachfluorescencemeasurementa
DPPC vesicle suspension(0.26mM) was equili-
bratedthermally(about5 min) in athermoregulated
cuvette holder, to obtain a stable fluorescence
intensity.Whenthe temperaturewaskept constant
throughout the experiment, the organometallic
compoundwasaddedfrom a concentratedethanol
stock solution (2� 10ÿ3 M) to a stirred vesicle
suspensionin a cuvetteholder. The final concen-
tration of ethanolnever exceeded2% (v/v). The
excitation(lEX) andemission(lEM) wavelengthsof
Fluorescein-PEwere480and530nm respectively.
Fluorescenceintensitiespresentedin the paperare
expressed as relative changes, calculated as
(Fi ÿ Fo)/Fo, whereFo is thefluorescenceintensity
obtainedfor unmodifiedvesicles,and Fi fluores-
cence intensity after the addition of a certain
amountof organometalliccompound.For present-
ing the dependenceof fluorescenceintensity on
temperature,the relative fluorescenceintensities
(Figs1 and5) aredefinedas(FiÿFo)/Fo), whereFo
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is the fluorescenceintensityat 20°C andFi is the
fluorescenceintensity measuredat a certain tem-
perature. The fluorescencemeasurementswere
carried out on a Kontron fluorimeter (Kontron

Instruments,Switzerland).Fluorescenceintensities
werecorrectedfor innerfilter anddilution effects.22

RESULTS AND DISCUSSION

We have shown elsewherethat the two phenyl
derivatives of tin interact with the lipid bilayer
differently. Diphenyltin penetratesthe lipid bi-
layer’s hydrophobiccore, whereastriphenyltin is
adsorbedwithin the lipid–water interface. The
toxicity of the two compounds,evaluatedon the
basisof theextentof erythrocytehemolysis,shows
that the surface-activetriphenyltin is more potent
than diphenyltin, which is embeddeddeeply into
thelipid bilayer.Theadsorptionof phenyltinsonto
the lipid bilayer surface was detectedwith the
fluorescenceprobe Fluorescein-PE,The fluores-
cence intensity of which dependson the local
pH.23,24 The Fluorescein is used to measure
changesin the vicinity of the membranesurface
as it is covalentlyattachedto the headgroupof a
phospholipid molecule (dipalmitoylphosphatidyl-
ethanolamine).Its fluorescenceintensity depends
on, among other factors, the bulk pH, the
organization of the lipid’s headgroupsand the
surfacechargedensity.23–25

When the lipid bilayer is formed from a
zwitterionic lipid (without net surfacecharge)and
there are no conformationalchangesin the lipid
bilayer, then the fluorescenceintensity of Fluor-
escein-PEdoes not changewith temperature,as
shown in Fig. 1. The fluorescenceprobe was

Figure 1 Relative change in Fluorescein-PEfluorescence
intensity as a function of temperature.Fluorescein-PEis
incorporatedinto liposomesformedfrom eggphosphatidylcho-
line (circles) and DPPC (squares).Fluorescenceintensity is
normalizedto that at 20°C.

Figure 2 Relativechangein fluorescenceintensityof Fluor-
escein-PEinduced by triphenyltin adsorptiononto the lipid
bilayer formed from DPPC, as a function of adsorbing
compoundconcentration(left panel):&, at 20°C (gel state);
&, at 36°C (ripple phase);*, at 50°C (fluid phase).Theright
panel shows the slopes of relative fluorescencechange
calculatedfor triphenyltin concentration,for the rangewhere
thedependenceis linear.

Figure 3 Relativechangein fluorescenceintensityof Fluor-
escein-PEinduced by diphenyltin adsorptiononto the lipid
bilayer formed from DPPC. as a function of adsorbing
compoundconcentration(left panel): symbols as in Fig. 2
Theright panelshowstheslopesof relativefluorescencechange
calculatedfor diphenyltin concentration,for the rangewhere
thedependenceis linear.
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incorporatedinto the lipid bilayer formed from
Egg-PC (a mixture of phosphatidylcholineswith
differenthydrocarbonchainlengthandsaturation).
Sucha mixture of lipids forms stableanduniform
bilayers without temperature-drivenconforma-
tional changes,whereas bilayers formed from
DPPC,asstatedabove,havetwo phasetransitions:
the pretransition at 35°C and the main phase
transitionat 41°C.10 The fluorescenceintensityof
Fluorescein-PEin theDPPCmembranereflectsthe
bilayer’s conformationaltransformations(Fig. 1).
When the sample approachesthe pretransition
temperature,the fluorescenceintensity increases,
thenat temperaturesin thevicinity of pretransition
(36°C) it decreasesby more than 50%, and it
decreasesagainwhenthe temperatureof the main
phasetransitionis reached.The fine detailsof the
dependenceof Fluorescein-PEfluorescenceon
temperatureshows a complex behavior, which
dependson the thermal history of the sample
amongother factors.Nevertheless,generaltrends
of theprobefluorescencein theDPPCbilayerwere
qualitativelysimilar in all samples.Datapresented
in Fig. 1 show that Fluorescein-PEfluorescence
intensity dependsmore on the membranesurface
morphology(sharpfluorescencedrop at pretransi-
tion temperature) and less on conformational
changesin thelipid bilayerhydrophobiccore(main
phasetransition).17

At temperaturesbetweenthat of pretransition
andmainphasetransition,thesocalledPb, phaseis
formed, which has characteristicsurfacefeatures
(ripples). The periodicity of the ripple pattern is
membranelipid-specific.19,26 Consequently,con-
sidering how DPPC bilayer surface topology

dependson temperature,there are three statesto
be examined:a highly orderedgel phase,a ripple
phasewith complexsurfacetexture,and a liquid-
crystal phase,with large entropiceffects (surface
temporalundulationandhigh lateralandperpendi-
cularmobility of lipid molecules).17 Suchversatile
surface topology should affect the molecule’s
adsorption,especiallywhenits membraneassocia-
tion is sterically controlledand occurswithin the
lipid bilayer interface. As shown elsewhere,
phenyltins with rigid phenyl rings that sterically
restricttheir incorporationinto thelipid bilayerare
examplesof suchmolecules.7

WehaveuseddifferencesbetweenDPPCbilayer
statesto test the effect of surfacetopology and
dynamics on the adsorptionof phenyltins when
evaluated with surface-charge-sensitiveFluores-
cein-PE.Diphenyltin and triphenyltin both carry
positivecharges,which at the membraneinterface
causetheFluoresceine-PEfluorescenceintensityto
rise. The method basedon the measurementof
fluorescenceintensity changes alone does not
provide quantitativedata but allows one to draw
qualitative conclusionsregardingchangesin the
adsorptionof themoleculesstudied.

The characterof changesoccurring within the
lipid bilayer during the pretransitionandthe main
phase transition affects the adsorption of the
moleculesbeingstudiedin a mannerthat depends
on the propertiesof the moleculeand its location
within the lipid bilayer. Surface-activemolecules
shouldrespondmore to changesin the membrane
surface, whereas the adsorption of molecules

Figure 4 Relativechangein fluorescenceintensityof Fluor-
escein-PEinduced by tributyltin adsorption onto the lipid
bilayer formed from DPPC, as a function of adsorbing
compoundconcentration(left panel): Symbols as in Fig. 2
The right panelshowsslopesof relative fluorescencechange
calculatedfor tributyltin concentration,for therangewherethe
dependenceis linear.

Figure 5 Changesin Fluoresceine-PEfluorescenceintensity
inducedby triphenyltin(A) anddiphenyltin(B) adsorptiononto
the egg-PCmembrane(*) and DPPCmembranes(&) as a
functionof temperature.Fluorescencechangeis representedby
slopesobtainedfrom plots of relative changein fluorescence
intensityversuscompoundconcentrationin thesample.
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penetratingthe interior of the lipid bilayer should
beaffectedby changesin hydrocarbonchainorder
at themain phasetransition.

Figures2 and 3 show relative changesin the
Fluorescein-PEfluorescenceintensityasa function
of phenyltin concentration.Distinct differences
betweendiphenyltin and triphenyltin are evident.
Data obtained for tributyltin, the adsorptionof
which is driven mainly by the hydrophobicityof
flexible hydrocarbonchains,arealsopresentedfor
comparison.The extent of tributyltin adsorption
dependsalmost exclusively on the state of the
membranehydrophobiccore. The lower order of
the lipid bilayer, the greaterthe adsorptionof the
compound(Fig. 4).

At concentrationsbelow10�M theadsorptionof
diphenyltincausesarisein theprobe’sfluorescence
intensity depending on the temperatureof the
DPPC sample. At the gel phase (20°C), the
fluorescencedoesnot change,indicating that the
moleculeis unableto penetratethe highly ordered
hydrocarbon chain region; in the liquid phase
(55°C) diphenyltin penetrates the membrane,
causingthe fluorescenceintensity to increaseand

unexpectedly,the changein fluorescenceintensity
is greatestat temperatureswheretheripplephaseis
present(36°C). When the diphenyltin concentra-
tion is higher than 13�M (Fig. 3) and the
membraneis in the gel phase,the fluorescence
intensitybeginsto fall sharply,suggestingchanges
in the probe’s environment.The direction of the
inducedfluorescencechangeindicatesthat it is not
causedby the adsorptionof positively charged
phenyltin alonebut by a simultaneousrearrange-
mentof lipids in themembrane.Basedon thedata
presentedin Fig. 1, wherethe fall in fluorescence
indicatesthe appearanceof the Pb phase,it canbe
postulatedthat diphenyltin forcesthe lipid bilayer
to form the ripple phaseat lower temperatures.

The effect of triphenyltin is evenmoreconspic-
uous. It affects the fluorescenceintensity to a
greaterextentthandoesdiphenyltin(in agreement
with our previousobservations7). Located at the
membranesurface,triphenyltin binds even when
themembraneis in thegel phase.Its bindingto the
lipid bilayer in the fluid phaseis aboutthreetimes
strongerthanthatin thegelphase,andsimilarly, as
in thecaseof diphenyltin,therisein fluorescenceis
greatestat the ripple phase.In Figs2, 3 and4, the
slopes calculated from the left-hand panels for
concentrationsat which the fluorescenceintensity
is proportional to the amount of the compound
added,i.e. below10�M, arepresentedin theright-
handpanels.

Whenfluorescenceintensitychangesinducedby
adsorptionof phenyltinsontothemembraneformed
from Egg-PCaremeasured,its temperaturedepen-
dencefor thetwo compoundsdiffers (Fig. 5). Here,
the fluorescencechangeinduced by diphenyltin
does not depend on temperature,whereasthat
causedby triphenyltin decreasesmonotonically
with temperature.Such temperaturedependence
confirmsthepreviouslypresentedobservationsthat
triphenyltin adsorbsat the interface. Thermally
induced fluctuations of the membrane surface
reduce triphenyltin adsorption, whereas deeply
imbeddeddiphenyltin is not affected.When data
obtainedfor the Egg-PCmembranearecompared
with these for DPPC, there are no qualitative
differencesbetween the two phenyltins. At the
temperatureat which theDPPCmembraneis in the
gel phase, both di- and tri-phenyltins show
depressedchangesin fluorescenceintensity, com-
paredwith that for the Egg-PCmembrane.At the
liquid-crystallinephase,changesin fluorescencein
the DPPC membraneare similar to those in the
Egg-PCmembrane,indicating that, quantitatively,
the two fluid membranesdo not differ in their

Figure 6 The dependenceof the Fluorescein-PErelative
fluorescenceintensity on temperaturewhen the probewas in
an unmodified DPPC membrane(*) and in a membrane
modifiedwith diphenyltin (*) and triphenyltin (&). Organo-
metallic and lipid concentrationswere 48�M and 260�M,
respectively.Fluorescencewascalculatedaschangerelativeto
that at 20°C.
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ability to adsorbthe compoundsstudied.When a
DPPC membrane is in the ripple phase, its
adsorptionof both the compoundsgreatlyexceeds
that of the Egg-PCmembrane.The effect is very
pronouncedin thecaseof triphenyltin.

As shownonFig. 1, Fluorescein-PEfluorescence
intensity itself dependson the state of the lipid
bilayer. Fine details of the character of this
dependencewill be discussedin a future paper.
The phenyltinshavedifferent effectson the probe
fluorescencemeasuredasafunctionof temperature.
Figure 6 shows this dependencefor a DPPC
membraneand for DPPCmembraneswith di- or
tri-phenyltin. There are quantitative as well as
qualitative differences between the temperature
characteristics.Triphenyltin modifiesprobefluor-
escencewhenthe membraneis in the ripple phase
to suchanextentthatit exceedseventhatof thegel
phase.In addition, the major fluorescencedrop is
now at the main phasetransition (around41°C).
This drastic change in fluorescence indicates
modificationsin surfaceproperties,causedby the
triphenyltin. The effect of diphenyltinat the same
concentration(48�M) causessmaller changes,in
agreementwith datapresentedin Figs2 and3. The
temperatureof the main phasetransition, when
judgedby the position of the secondfluorescence
drop, is not shifted when either compound is
present. Similar results were obtained when
sampleswere analyzedwith differential scanning
calorimetry.7,27 Both compoundsaffect pretransi-
tion; nonetheless,therearequantitativedifferences
in thechangein fluorescence,triphenyltinscausing
an increase in fluorescenceintensity, whereas
diphenyltin preservesthe generalcharacterof the
fluorescencedependenceon temperature,againin
good agreementwith data presentedin Figs 2
and3.

There is always the concern that a bulky
fluorescentprobe may change the lipid bilayer
propertiesand/orinterferein the adsorptionof the
compoundsunderstudy. The effect of the Fluor-
escein-PEconcentrationon its fluorescencehas
been evaluated in separateexperiments.Below
0.1mol%,thedependenceof fluorescenceintensity
on temperaturein the DPPCmembranedoesnot
dependon probeconcentration.In addition, DSC
experimentsprecludethe effect of such Fluores-
cein-PE concentrationson pretransitionor main
phase transition. Therefore, these experiments
allow us to concludethat suchsmall amountsof
probedo not changeglobal lipid bilayerproperties.

In order to evaluate the effect of probe
concentration on phenyltin adsorption, relative

changesin fluorescenceintensitiesinducedby their
adsorbentswere measuredfor different Fluores-
cein-PE concentrations.Only when the probe
concentrationreached1 mol%, was the measured
adsorptionenhanced.This effect is likely to be
causedby the negativechargeassociatedwith the
carboxyl group in Fluorescein, which attracts
positivelychargedphenyltinelectrostatically.Sum-
marizing, at the probeconcentrationsusedin the
experimentsthat arediscussedin this paper,there
Fluorescein-PEhas no detectableeffects on the
organization of the lipid bilayer or phenyltin
absorption.

Observations presented in this paper were
obtainedon an artificial DPPCmembranemodel;
nevertheless,they may have some biological
relevance. The enhancedbinding efficiency of
phenyltins to a surface with complex topology
showsthat rigid residuesare then better accom-
modated.The fact that there is no measurable
associationof diphenyltinwith the lipid bilayer in
the gel phaseshowsthat tightly packed,saturated
acyl chainshinder the penetrationof phenyl rings
into the membraneinterior, whereasinterfacially
located triphenytin can still be adsorbedonto a
moreaccessiblemembraneinterface.It is difficult
to point out a single driving force for bulky and
rigid molecules, that determines their location
within the membrane.Most probably,the balance
between electrostatic interactions, hydrophobic
effects and steric constraintsdeterminea com-
pound’spositionwithin the lipid bilayer.

The more chargedand lesshydrophobicdiphe-
nyltin penetratesthemembranemuchmoredeeply
than the more hydrophobic and less charged
triphenyltin, showing that it is mainly steric
constraintsthat determinethe location of bulky
moleculeswithin themembrane.

For anybiologically activecompoundapproach-
ing the cell, the plasma membraneis the first
structureit encounters.A molecule may interact
with the membrane-embeddedproteins or be
adsorbednonspecifically onto the lipid bilayer.
When in the lipid bilayer, the compoundmay
remain within the interface or penetrate the
hydrophobic core of the membrane.Since the
location of triphenyltin is similar to that of
tryptophan, i.e. within the lipid bilayer, it may
modify the lipid bilayer surfaceitself or it may
interactwith peripheralproteinsor the interfacial
fractionof integralproteins.Furthermore,asshown
in this paper,thetopologyof thealteredmembrane
surfaceenhancestheadsorptionof phenyltinsonto
the lipid bilayer. Thereis strongevidencethat the
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cell surface may be a complex lateral and
transversal organization of lipids and protein
domains32–36 and that thermally and/or composi-
tionally driven undulationsof the membraneare
associatedwith processesleadingto endocytosisor
vesicle shedding,believedto be precededby the
alteration of the membrane surface morphol-
ogy.37,38

Moleculeswhosestructurepredisposesthem to
interact with the membranesurfacein a manner
similar to that of phenyltins, can potentially
interferewith numerousprocessesassociatedwith
the membrane interface or influence dynamic
changesin surface morphology. Many proteins
loosely or temporally associatedwith the mem-
brane via weak hydrophobicand/or electrostatic
interactionsareproneto suchinterference.Triphe-
nyltin can interfere, for example, with second
messengercascades,influencing membraneasso-
ciationof surface-activeproteins(proteinphospho-
kinaseC, phospholipases39,40 or proteinsinvolved
in regulationof lipidic substrateaccessibility41,42).

CONCLUSION

Phenyltinsmay interferewith metabolicprocesses
in various fashions dependingon their location
within the membrane.When the hemolytic poten-
cies of phenyltins were compared,the surface-
activetriphenyltinwasmoretoxic thanmembrane-
penetratingdiphenyltin.7 This is becausethe inter-
facecanbedisturbedin a varietyof ways,whereas
nonspecificmodification of the hydrophobiccore
requires a relatively high concentrationof the
perturbingmolecule.28

Adsorption of bulky amphiphilic molecules
dependson their propertiesand the state of the
membrane.A similar dependencehasbeenshown
for membranepermeability.29–31Datapresentedin
this papershowthat the lateralmembranesurface
morphology affects the adsorptionof molecules,
whoselocation within the membranedependson
their steric compatibility with the lipid bilayer
surface. The metallo-organics studied contain
phenyl rings, which determine the way the
compound interacts with the lipid bilayer. As
shownelsewhere,the locationof phenyltinwithin
the membranedoesnot follow its hydrophobicity,
determinedby the octanol/waterpartition coeffi-
cient. Hydrophobic triphenyltin is adsorbedonto
the membranesurface,whereasthe less hydro-
phobicdiphenyltinpenetratesthe membraneinter-

ior.7 Thesediscrepanciesare the result of steric
constraints,which restrict molecule penetration
into the orderedlipid bilayer. The datapresented
show that the adsorptionof both compoundsis
enhancedwhenthe membranesurfacetopology is
altered.
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