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Phenyltin compounds are known to be biologi- degree. Copyright © 2000 John Wiley & Sons,
cally active and, whan widely spread, are Ltd.

potentially hazardous. As their chemical struc-
ture suggests, they interact with the lipid
fraction of the cell membrane. Their effect on
the model phosphatidylcholine/cholesterol bi-
layer has been studied using fluorescence and
'H NMR techniques. The change in the fluor-
escein-PE fluorescence intensity indicates the
amount of charge added by phenyltin com-
pounds to the membrane surface. Although the
presence of cholesterol alone does not alter INTRODUCTION

membrane interface properties measured with

f|uorescein-PE' 1H NMR measurements show Phenyltins are industrial poIIutanJS? and their
that lipid mobility is altered throughout the  presence in the environment is widely spread,
hydrophobic core of the membrane. Cholesterol ~ although (due to their hydrophobicity) their con-
in the phosphatidylcholine bilayer does not alter ~ centrations are low and do not usually exceed the
tetraphenyltin interaction with the membrane, ~ micromolar rangé:® The hydrophobic core of the
though the effect of diphenyltin dichloride, lipid bilayer is an environment in which hydro-
penetrating deeply into the hydrophobic core phobic metalorganics are likely to accumuléte,
of the membrane, is reduced when the amount of interfering with the cell’s vital function§'.7'8When
cholesterol in the membrane is increased, approaching the cell from the extracellular envir-
suggesting decreased compound adsorption. onment, phenyltins encounter the plasma mem-
Triphenyltin chloride has a qualitatively differ- brane, the natural barrier for harmful environmental
ent effect on the lipid bilayer, when observed pollutants, and so the interaction of these com-
using this fluorescence technique. The adsorp- pounds with the membrane is the initial process to
tion of triphenyltin onto the phosphatidylcho-  be described in order to understand their biological
line/cholesterol membrane induces a lateral activity. The outer plasma membrane layer is

phase separation of membrane components. composed mainly of phosphatidylcholines and
Since triphenyltin chloride is known to be cholesteroP''® Cholesterol is one of the most

adsorbed onto the interface of the lipid bilayer, abundant mammalian cell membrane components

this separation mechanism must originate in this  and, depending on the cell line, it constitutes 10—
region and does not seem to be electrostatic in 50% of the total amount of lipids in the plasma
origin. *H NMR measurements have confirmed membrané fl ‘A cholesterol molecule contains
the observation that these two active phenyltin three well-distinguished regions: a small polar
compounds interact with the phosphatidylcho- hydroxyl group, a rigid plate-like steroid ring, and
line/cholesterol membrane differently, disrupt- an alkyl chain ‘tail'. Due to this molecular
ing different regions of the bilayer to a different ~ Structure, cholesterol is located within the hydro-
phobic core of the lipid bilayer, with its polar
hydroxyl group in the vicinity of the interfack.
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phobic moleculest>*° We haveshownpreviously
thatdiphenyltinchloridepenetrateinto the bilayer
interior, whereastriphenyltin chloride is adsorbed
onto the membranesurface?®?! In this paper,we
determinethe mannerin which cholesterolinflu-
encesthe interaction of phenyltinswith the lipid
bilayer (formedfrom a variety of phosphatidylcho-
line/cholesteromixtures).

We expectthatthe presencef cholesteroin the
membraneshould most affect the adsorptionof
bulky compoundsvhich penetratehe hydrophobic
core of the lipid bilayer; andthat it should affect
thoseadsorbedonto the bilayer surfacethe least.
Fromthe datapresentedn this paperwe compare
the interactions of surface-active triphenyltin
chloride (PhgSnCl) and diphenyltin chloride
(PheSnCL) with a mixed phosphatidylcholine/
cholesterolipid bilayer. A combinationof steady-
state 'H NMR and steady-state fluorescence
spectroscopyhashbeenusedto measurethe effect
of phenyltin derivative interactionwith the lipo-
somemembrane.

MATERIALS AND METHODS

Materials

Phosphatidylcholie was extracted from egg
yolk, as describedelsewheré? Cholesterolwas
purchasedrom Sigma Chemical Co. (St. Louis,
MO, USA). All organotin compounds,namely
(CeHs)4sSn—tetraphenyltifPheSn), (CgHs)sSnCl
—triphenyltin -~ chloride  (PhgSnCl) and
(CeHs)oSNCh—diphenyltin chloride (PheSnCL)
were purchased from Alfa Products. Aldrich
Chemical Co. and Merck. Praseodymium(Pr*")
chloride(PrCk-6H,0) andheavywater(D,O) were
obtainedfrom Aldrich Chemical Co. and Swierk
(Poland),respectively.The fluorescencerobe N-
(5-fluoresceinthiocarlmoyl)dipalmitoyld -«-phos-
patidylethanolaminéfluorescein-PEjvasobtained
from MolecularProbegEugene OR, USA).

Fluorescence measurements

Thelipid, with anappropriateamountof cholester-
ol andfluorescenprobe(0.1mol%), wasdissolved
and mixed in chloroform. The chloroform was
removedundervacuumabufferwasaddedandthe
samplewasvortexedto obtaina milky suspension
of multilamellarvesicles Thefinal concentratiorof
lipid in thevesiclestocksuspensiomasl mgml 2.
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Sucha suspensiorwas then sonicatedfor 15min
with a 20kHz sonicator(equippedwith a titanium
probe)to obtaina transparensuspensiorof small
unilamellar vesicles(SUVs). The vesicle suspen-
sion was then centrifuged to remove titanium
particles.Eachsamplewaspreparedshortly before
measurementand kept on ice during the experi-
ment. Prior to eachfluorescenceexperiment,the
diluted vesicle suspension (0.2mgml~) was
thermally equilibratedin a cuvetteholderso asto
obtain stable fluorescence(about 5min). The
organotin compound was then added from a
concentratecethanolsolution (2 x 10 3m) to the
stirred sample of suspendedvesicles. The final
concentratiorof ethanolneverexceede®% (v/v).
The effect of such quantities of ethanol on
fluorescencavas smallerthan the normal fluctua-
tionsin sampleemissionintensity;henceit wasnot
accounted for in relative fluorescencechange
calculationg(datanot shown).Fluorescencealues
presentedthroughout the paper were measured
when fluorescenceintensity stabilized after the
addition of phenyltin (usually fluorescencewas
measured.O min after compoundaddition). Fluor-
escencentensity was measuredrior to (Fo) and
after each addition of organotin compound(F;).
Excitation (1gx) and emission(igy) wavelengths
for fluorescein-PEwere: Agx =485nm, gy =
520nm. Throughoutthis paper,fluorescencelata
are presentedas relative changein fluorescence
intensity, accordingto the following formula: (F;
—Fo)/F, Steady-statefluorescencemeasurements
were carried out on a Kontron Instruments
fluorimeter (Switzerland).Fluorescencéntensities
were correctedfor the inner filter and dilution
effects?®24

TH NMR spectroscopy

Lecithin and an appropriateamountof cholesterol
were dissolvedin chloroform, dried in a nitrogen
atmosphereand dispersedin D,O. The final
concentrationof lecithin was 25mgml~*. SUVs
were preparedas describedabove.The dispersion
of vesicleswas divided into samples,nto which
praseodymiumions and phenyltin compounds,
dissolvedin deuteratednethanolwere added.All
data were correctedfor the effect of deuterated
methanol.

Praseodymiumons serveas shift reagentsj.e.
their addition to the vesicle suspensiorcausesan
initial singlepeakin N (CHg)3 resonancesplitting
into the resolved downfield and upfield compo-
nents. The downfield signal comes from the
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extravesicularand the upfield resonancdrom the
intravesicular (unmodified) choline headgroups.
Signal splitting is proportionalto the amountof
praseodymiunions presentat the membranenter-
face.Hence,any additionalsorptionor desorption
of the shifting reagentcan be easily detectedon
the '"H NMR spectrum.

Praseodymiunions were addedto the vesicle
suspensiorirom a stocksolutionin D,O. Thefinal
concentrationof praseodymiumcalculated as a
molar fraction of lipid in the samplewas 1:3.38
(4.06mm). The *H NMR spectrawererecordedon
a Bruker Avance DRX 300MHz spectrometemt
30°C when the spectral window was 6173Hz;
digital resolution 145.214%Hzcm™* or 0.48348
ppmecm™*; pulse width 10.7ms, and acquisition
anddelaytimes2.65s and 1 s, respectively?>2°

RESULTS

Fluorescence spectroscopy
measurements

The amountof chargeon the membranesurface
was measuredwith the E)H-sensitiveﬂuorescent
probe, fluorescein-PEX?" Fluorescein dye is
covalentlyattachedo the headgroupmf a phospha-
tidylethanolaminemolecule which ensureshatthe
hydrophilic dye is locatedin the aqueousphase
adjacento themembranesurface Thislocalization
of the dye allows the measuremenbf changes
occuringat the membrane—wateinterface®’~2°

First, we measuredhe effect of cholesterolon
fluorescein-PEluorescenceéntensity. As shownin
Fig. 1,thereislittle changen fluorescencatensity
when the amountof cholesterolin the phosphati-
dylcholinebilayeris raisedto 50 mol%. This result
allows us to assumethat changesn fluorescence
intensity are predominantlya result of phenyltin
compoundadsorptiononto the membranesurface.

Figure 2 presentschangesin fluorescein-PE
fluorescenceintensity causedby the addition of
phenyltinsto vesicle suspensionsggs a function of
the amountof cholesterolpresentin the phospha-
tidylcholine bilayer. Adsorption of a charged
phenyltin onto the membranesurfaceintroducesa
positivechargeattheinterface which causeprobe
fluorescencéo rise.

As expected® PheSn does not affect probe
fluorescenceantensity at the membraneinterface.
This compound does not interact with a pure
phosphatidylcholinenembraneandthe presencef
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Figure 1 Changesn fluorescencéntensityin the presencef
various amounts of cholesterolin the phosphatidylcholine
bilayer. In all sampleghe sameamountof fluorescein-PEvas
incorporatednto the membraneThe fluorescencéntensity of
the probein the bilayer containingcholesterolF) is compared
with that when the probewas in a pure phosphatidylcholine
membrangFg).

cholesterodoesnot alterthelipid bilayer structure
to suchan extentasto enableit to penetratethe
interface(Fig. 2C). WhenPheSnClL wasaddedto
the vesicles labeled with fluorescein-PE, the
presenceof cholesterolreducedchangesin fluor-
escencecausedby the adsorptionof phenyltin
compoundg(Fig. 2A. This resultimplies that the
amountof chargeaddedto the membranesurface
by PheSnChL is reduced when cholesterol is
presentin the membrane.lt may be considered,
therefore thatPheSnCl partitionsweaklyinto the
lipid phase.The effect of cholesterolon surface-
active PhgSnCl was qualitatively different (Fig.
2B). When the concentrationof PhgSnCl was
lower than 10 uM, the rise in fluorescencewas
reducedwith the increasingcontentof cholesterol
in the membrane.However, at higher PhgSnCI
concentrationsfluorescein-PEfluorescenceinten-
sity is no longer a monotonic function of the
amountof the phenyltinin the sample,asit first
reachesa maximum and then beginsto fall. The
concentration of PhgSnCl which causes the
maximum of fluorescenceintensity dependson
membrane cholesterol content: the larger the
amountof cholesterolthe lower the concentration
of PhgSnCl required to reach a fluorescence

Appl. Organometal Chem.14, 25-33(2000)



50 mol%.

maximum.At around30mol% of cholesterolthe
effectis alteredandthe fluorescencéntensityfalls
belowtheinitial level. The PhgSnClchargeis not
likely to change,so sucha drop in fluorescence
intensity may be a result of changesin local
fluorophoreconcentration When local concentra-

Copyright© 2000JohnWiley & Sons,Ltd.
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A Figure 3 Therelative changein fluorescencénducedby the
= additionof PhgSnClto aliposomesuspensiomn the presence
-0.5 of different amounts of fluorescein-PEin the membrane.
i Vesicles were formed from phosphatidylcholine with
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Figure 2 Relativechangesn thefluorescein-PEluorescence ,L 1.0
intensity inducedby addition of phenyltin compoundsSmall E“_,
unilamellar vesicleswere suspendedn 140mm NaCl/phos-
phatebuffer pH 7.4. Theamount of phenyltincompoundadded 05
to thesampleis shownastotal concentrationn the sample The :
lipid concentrationvas0.26mm. (A) PheSnClh; (B) PhgSnCl;
(C) PhgSn compounds[], Phenyltinswere addedto pure
phosphatydylcholindiposomes;the other datawere obtained 0.0
whenthe relative cholesterolcontentsin the bilayerwere: (Q)
10mol%; (A) 20mol%; (O) 30mol%; (<) 40mol%; (S) 0.0E00 8.3E-5 1.6E-4 2.6E-4

Concentration [M]

Figure 4 The relative change in fluorescenceintensity

inducedby the adsorptionof PheSnCl as a function of salt

concentrationn the bulk buffer solution. Circles are for pure

phosphatidylcholineand squaresdenote phosphatidylcholine
with 30mol% cholesterolin the phosphatebuffer containing

14mm; NaCl (filled symbols) and 140mm NaCl (open

symbols).

Appl. Organometal Chem.14, 25-33(2000)



ADSORPTIONOF PHENYLTIN COMPOUNDSONTO LIPID BILAYERS 29

tion of the probeis sufficiently high, then it will
quenchitself.?® To test this possibility, we have
variedthe amountof the dyein the membraneand
measuredhe concentratiorof PhgSnCl, at which
themaximumoccurred As expectedwhenthe dye
concentrationin the membranewas varied from
0.05mol% to 0.37mol%, the fluorescencemax-
imum shifted toward lower PheSnCI concentra-
tions (Fig. 3).

Figure 4 showshow changein fluorescein-PE
fluorescencalependson the salt concentrationin
the aqueoussolution. Fluorescencentensity was
measuredvhenthe probewasin phosphatidylch-
line, and in phosphatidylcholinewith 30mol%
cholesterolat two salt concentrations14mM and
140mm. It is well establishedhat an elevatedsalt
concentrationresults in a screeningof surface
charges,which in our experimentshould reduce
changesin fluorescencecausedby PheSnCl3°3?
In both casesj.e. in the presenceand absenceof
cholesterol, an elevated salt concentration de-
pressedchangesin fluorescenceinduced by the
addition of PheSnCl, proving the electrostatic
natureof the effect (regardles®f membranecom-
postion). At bothsaltconcentratiors, relative changes
in fluorescencén thepresenc®f cholesterolwhen
comparedwith the samplewith vesiclesformed
from pure phosphatidylcholineywere similar.

TH NMR experiments

Examples of 'H NMR spectra obtained from
suspensionscontaining vesicles with various
amountsof cholesteroln the presencef 4.03mm
PP" are presentedin Fig. 5. The presenceof
cholesterobroadensll peakswith limited shiftsin
position. Significant changesin the membrane
interior causedby the presenceof cholesterolare
reflected by an increasedbandwidth of signals
originating from the —(CHy),, groups of hydro-
phobic chains (Fig. 5) and confirm the effect
of cholesterol on membrane hydrophobic core
organization:**"32=35% Signal splitting from
—N™(CHg); groups of both inner and outer
monolayers caused by PP adsorptionin the
presenceof various amountsof cholesterolare
shownin Fig 6(a).Figure6(b) showsthe percentage
of PP bound againstthe amountof cholesterol
content.When 50 mol% of cholesterolis present,
the amountof boundPr* to decreasedy about
25%, indicating limited changesoccurring at the
membranénterface.

Phenyltinaddition changessignal splitting from
—N™(CHs); groupslocatedat the inner and outer

Copyright© 2000JohnWiley & Sons,Ltd.
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Figure 5 Examplesof typical 300MHz *H NMR spectraof
sonicatedvesiclesformedfrom phosphatidylcholine/cholésr-
ol mixtures(33mwm) pretreatedvith P** in D,O at 30°C. The
extravesicularconcentratiorof Pr*™ was 4.06mm. The water
peakat 4.700ppmwasusedasthe referencesignal (not shown
here).(A) Themainsignalscomefrom extravesiculafl,) and
intravesicular(lj,) choline headgroupsacyl chain methylenes
= (CHy,),, andtheterminalmethylgroups—CHs. SpectraB and
C were obtainedfor praseodymium-pretreatephosphatidyl-
choline/cholesteroliposomesat relative cholesterol/phospha-
tydylcholine molar concentrationf 30 mol% and 50 mol%,
respectively.

lipid layers.Suchsignalsplitting is proportionalto
the amountof Pr** ions on the outer layer of the
membrane Figure 7(a) shows selectedexamples
of *H NMR spectrain the presenceof 0.98mM
PheSnChb, whereasFig. 8(a) was obtainedin the

Appl. Organometal Chem.14, 25-33(2000)
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Figure 6 (a) Changesof the —N™(CHs)3 signalscausedby
thepresencef variousamountf cholestero(b) Percentagef
P+ boundto phosphatidylcholine/cholesteriposomesat an
extravesicular PrCk concentrationof 4.06mm. The lipid
concentrationin the sampleswas 33mm. SpectrumA is for
pure phosphatydylcholia liposomes;spectraB and C are for
phosphatydylcholine/cholesteraiixtures at 30mol% and
50mol% relative cholesterol/phosphatydylcholin@olar con-
centrationsrespectively.
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Figure 7 The effect of PheSnCh, addedto a phosphatydyl-
choline/cholesterol vesicle suspensionat a concentration
0.98mM, on signals of —N*(CHs)s groupswhen P+ and
PheSnClL were addedto the suspensiorof vesiclesformed
from phosphatidylcholinemixed with various amount of

cholesterol.The lipid vesicleswere exposedto PP+ prior to

additionof thephenyltincompoundsSpectra, B andC arefor

pure phosphatidylcholine and phosphatidylcholine with

30mol% and 50 mol% of cholesterolrespectively.The lower
panelshowsthefractionof desorbedPr** causedy adsorption
of the phenyltincompound.
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Figure 8 The effect of PheSnCl, addedto a phosphatydyl-
choline/cholesteromixed vesicle suspensiorat concentration
0.98mm, on the *H-NMR lineshapeof —N™*(CHg)s groups
when Pr* and PheSnClL were addedto the suspensiorof

vesiclesformed from phosphatidylcholinenixed with various
amountsof cholesterol.Lipid vesicleswere exposedto Pr**

prior to the additionof a phenyltincompound SpectrumA, B

and C are for pure phosphatidylcholineand phosplatidylcho-
line with 30mol% and 50mol% of cholesterol,respectively.
The lower panel shows the fraction of desorpedPr’" ions

causedby the phenyltincompound.
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presenceof 0.98mm PheSnCl. Phenyltinadsorp-
tion ontothe lipid bilayer causeghe desorptionof

praseodymiumons, which is reflectedin changes
in the magnitudeof signalsplitting2® Figures7(b)

and 8(b) summarizethe effect of PheSnChL and

PheSnCl on praseodymium desorption. Pr"

desorptioncausedoy PheSnC} is moreintensive
than that caused by PhegSnCl (even without

cholesterol).

DISCUSSION

The presenceof cholesterolin the lipid bilayer
greatly affects its progerties. Lateral membrane
organizationis altered®>°andthe organizationof
its lipid hydrocarbonchains is modified?34%4*
the result of which is a chanzgedenvironment
for the membrane processe$§s*°> Adsorption,
transportand partition phenomenare affectedas
W6”.17’18'35'4 ,43,44,46

In earlier studieswe have shownthat thereare
qualitativedifferencesetweertheeffectof various
phenyltins on the lipid bilayer. PhgSn doesnot
interact with the phosphatidylcholine bilayer,
although it is the most hydrophobic compound
studied?® The leasthydrophobic/PheSnChb, when
bound to the lipid bilayer, caused substantial
changesn hydrophobicchain organizationwithin
the membrane.On the other hand, PhgSnCl is
adsorbedonto the lipid bilayer surface,causinga
limited disturbancen the hydrophobicinterior but
dramatically affecting interface properties. It
causesa substantialincreasein surface charge
density and alters the organizationof lipid head-
groups=° On the basisof an experimentatlata,we
haveconcludedthat the two moleculesarelocated
in the membranen different regionsof the lipid
bilayer. In addition, it hasbeenobservedthat the
surface-activeomzpoundDhQSnCI hasthe highest
hemolytic activity.** Theseobservationshowthe
importance of surface-associal phenomenain
compoundbiological activity.

Datapresentedn this papershowthatthe effect
of cholesterol on the lipid bilayer is limited
predominantlyto its hydrophobiccore. The same
conclusioncan be reachedon the basisof a large
body of literature®12.17.18:33.389.45 14 MR
results show that the presenceof cholesterolin
themembranéroadensignalsoriginatingfrom all
the carbonyland methyl groupswithin the hydro-
phobic interior of the membrane whereasat the
interface,wherethe effectis only limited, choles-

Appl. Organometal Chem.14, 25-33(2000)
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terol broadenssignalscomingfrom cholinegroups
at the inner monolayer of small unilamellar
vesicles.This effect is likely to be the result of

high lipid bilayer curvaturein suchliposomesand
is causedby additional tension introduced by

cholesterolmoIecuIes.DesgiteaII thesechanges,
signalsplitting causedoy Pr*" adsorptionontothe

outermonolayerof phosphatidylchline vesiclesis

not greatly affected.'H NMR datacorrelatewith

fluorescenceneasurementsvhich showthatthere
are no changesin charge distribution at the

interfacein the presencef cholesterol.

As stated above, the various phenyltins are
locatedin different regionsof the membraneand
therefore their adsorption should be affected
differently by the presence of cholesterol.
PheSnCl is locatedwithin the hydrophobiaegion
in aphosphatidylcholinenembraneandis compet-
ing for the samefree volume as the cholesterol.
Consequentlygholesterols expectedo reducethe
amountof PheSnC}h ableto accumulaten thelipid
bilayer.lH NMR datashowthat PheSnC}, affects
the lipid bilayerin a somewhatsimilar mannerto
cholesterol. The signal coming from the inner
monolayerof vesicless affectedthe most,with the
simultaneousiecreasén signalsplitting reflecting
the Pr" desorption.The effect of PhgSnCl is
different: the —N(CHz3) of the inner monolayer
doesnot broadenso much,which showsthatinner
monolayerorganizations notgreatlyaffected.The
presencef cholesterokffectsthe extentof signal-
splitting reduction,causedby PheSnCl addition.
This observationshowsthat cholesterolmodifies
the steric balanceat the interface,influencingthe
PhegSnCl interactionwith the membranesurface.
Theeffectof phenyltinsonthelipid bilayerinterior
is difficult to estimate, since cholesterol itself
modifies the *"H NMR spectrato such an extent
thatanyadditionalchangesredifficult to measure.

No measurablechangesare noticed in charge
distribution at the cholesterol/phosphatyttholine
surfaceln theexperimentgresentedcholesterols
within the concentratiorrangeat which it doesnot
mix well with phosphatidylcholine.It is well
establishedthat above 30mol% of cholesterol
there are two distinct (cholesterol-rich and
cholesterol-poor) domains on the membrane
surfacél'l7' 2,35-38,41,42,47

The presenceof cholesterol in the bilayer
enhance®heSnCh andPheSnCIPr" desorption,
whichindicateschangesn membranerganization,
resulting further in the enhancedaccessibility of
phosphatgroupsto phenyltins Relativechangesn
PPt desorption measuredusing the *H NMR

Copyright© 2000JohnWiley & Sons,Ltd.

technique are greaterwhen PhgSnCl is added,
which indicateschangesn surfacesteric balance.
Fluorescencdataindicateadecreasé theamount
of chargeintroducedontothe membranesurfaceby
phenyltins in the presenceof cholesterol. At
50 mol% of cholesterolPheSnCl, practicallydoes
not affectfluoresceine-PHuorescenceChangesn
PheSnCl adsorption causedby cholesterol are
morecomplex.The datapresenteguggesthatthe
effect of PheSnChL on surface properties is
reduced, whereas PhgSnCl causes structural
changesat the membranesurface,inducing phase
separationn phosphatidylcholindilayerscontain-
ing high amountsof cholesterol(above30 mol%).
The presenceof cholesteroland PhgSnCl in the
bilayer results in nonmonotonic fluorescein-PE
fluorescencéntensitychangesA possibleexplana-
tion of thefluorescencenaximumandthedecrease
in fluorescencentensity below its initial valuein
membranescontaining 50mol% of cholesterolis
the fluorescent probe self-quenching. As the
amountof the dye in the lipid bilayer is constant,
such self-quenchingresults only from increased
local probe concentration.This meansthat the
entiremembranesurfacds notaccessibléo thedye
in the presenceof PhegSnCl, which is confirmed
further by the dependenceof the PhgSnCl
concentratiorat which the fluorescencemaximum
is reachedon the amountof dyein the membrane.
An increasedmolar fraction of fluorophorein the
bilayerlowersthe PhgSnClconcentratiomequired
to reacha local dye concentrationat which self-
guenchingpccurs.Saltconcentratiorthangesn the
aqueougphaseonly asa consequencef quantita-
tive changesn measuredluorescenceTherefore,
cholesteroldoesnot modify the electrostaticeffect
of phenyltinson the membraneinterface,and the
concentration-generatefluorescenceanaximumis
not affectedby changesn salt concentrationAll
this suggestdhat the effect of cholesterolon the
adsorptionof PheSnClis stericin nature.

It hasbeenshownthat many cell processesire
located at the lipid bilayer interface of the
biological membrane. The drastic effects of
PheSnCl on membranelipid organization,such
as changesin membrane interface properties,
shouldbe a potentmechanismaffecting metabolic
processesinvolving membrane-assodied pro-
teins>*®49 Accordingly, erythrocyte hemolysis
causeduy surface-activi?hgSnClwasthe highest
of all inducedby the phenyltin compoundsthat
werestudied?°

In summary,the presenceof cholesterolin the
phosphatidycholindilayer reducesthe amountof

Appl. Organometal Chem.14, 25-33(2000)
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chargeintroducedonto the membranesurfaceby
PheSnChb. This may be associatedwith the
reduced adsorption of this compound, resulting
from thereductionof freevolumein themembrane
by cholesterol. Hence, both cholesterol and
PheSnCl, arelocatedin the hydrophobicinterior

of

the bilayer. Surface-activePheSnCl behaves

differently, as its adsorptiononto the phosphati-
dylcholine/cholesteramembranas likely to cause
lateral phaseseparation.
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