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Membrane flmdity as affected by the insecucide lindane
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Fluorescence polarization of 1,5.diphenyl-1,3,5-hexatriene (DPH) was used to study the interaction of lindane with
model and native membranes Lindane disorders the pel phase of liposontes reconstituted with dimyristoy!-, dipalmitoyl-
and distearoylphosphandylcholines (BMPC, DPPC and DSPC), since it broadens and shifts the main phase transition,
but no apparent effect is detected in the fiwd phase These effects of lindane are more proncunced in bilayers of
short-chain hpids, e.g, DMPC. In equimolar mixtures containing DMPC and DSPC, hndane preferentially interacts
with the more fluid li;id species inducing lateral phase separations. However, in mixtures of DMPC and DPPC, the
insecticide only broadens and shifts the main phase transition, i e, an effect similar to that observed in bilayers of pure
lipids. Lindane has no apparent effect in DMIPC ilayers enriched with high cholestercl content ( > 30 mol%), whereas
disordering efiects can still be detected in bilayers with low cholesterol (<30 mol%) Apparently, indane does not
periurb the fluld phase of representative native membranes, namely, mitochondna, sarceplasmic reticulem, myehin, brain
microsomes and erythrocytés in agreement with the results obtamed m fluid phospholipid bilayers, despte the
reasonable incorporation of the insecticide 1n these membranes, as previously reported (Antmes-Madeira, M.C. and

Madera, V M C, (1985) Biochum. Biophys. Acta 820, 165-172),

Introduction

Previous studies in our and other laboratories sup-
port the tdea that biomembranes are pnimary targets of
insecticide action [2-13] Therefore, the partiions of
some popular msecticides, namely. DDT. paratluon,
malathion and lindane were extensively studied 1n mode!
and native membranes [1.14-16] Insecticide partition-
ing does not correlate with towenty and 1s affected by
multiple parameters, such as, lemperature, cholesterol,
fludity and physico-chemucal profiles of the membrane
componegnts and the insecticides themselves [1,14,15,17]
Fluidety and the insecticide character are man parame-
ters affecung ncorporation and, probably, msecticide
toxicity

Teo further charactenze insecticide nterachion with
membrane components, we now report the effects of

Abbreviatons DMPC  dimvnistoylphosphandvichohne: DPPC di-
palitoylphosphatidylcholine, DSPC  disterroylphosphatidyichohine
Lndane 1234561 h iohexane, T, rudy p
tore of thermotropic phase transihon DPH 1 6-diphenyl-1,3,5-
hexatrrene

Correspondence VM C Madeira, Centro de Biologia Celular, De-
partamento de Zoologia, 3049 Combra Codex, Porugal

hrdaee in the fluidity of well defined model and native
membranes 1n terms of flucrescence polanzation of the
praobe 1.6-diphenyl-1,3,5-hexatriene (DPH)

Matenals and Methods

Preparation of liposomes and nanve membranes Soku-
tzons of pure phospholipids were taken in round-bottom
flasks and the solvent (CHCE;) was evaporated to dry-
ness The hpid film was then hydrated with an ap-
propnate volume of 50 mM KCl, 10 mM Tns-maleate
{pH 7 @) and dispersed under N, atmosphere by hand-
shaking in a water bath, 7-10 Cdeg above the transttion
temperature of the phosphohpids The sample was then
shaken wvigorcusly by vortex for 1 mmn and bnefly
somedted (five bursts of 30 s each) Hewrogeneous
phospholtpid bitayers were obtamed with equmolar
amounts of single components and phosphohpid-
cholesterol bilayers by supplemenung onginal phos-
pholipid solutions with appropnate amounts of
cholesterol The final concentration of lipid was nonu-
nally 343 uM, i all cases

Vanous native membranes, namely, erythrocytes,
brain microsomes, myehn, sarcoplaspme reticulum and
mutochondna were prepared as described elsewhere [14]
Proten concentrations were deternmned by the biuret
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method [18] calibrated with serum albumun Membrane
suspensions were rapudly frozen mn hqud mtrogen and
kept at —8G°C

DPH and lindane mcorporation mte membranes DPH
(2 mM) in tetrahydrofuran was imected, while vortex-
mg, mnto memhrane suspensions (345 pM 1 hpid) to
@mve a fmal phospholipid / probe molar ratio of about
200 The mxture was then incubated, 1 the dark, for
18-20 b After this period of incubation, lindane was
added from concentrated ethanolic solutions (50 mM)
The peniod of equibbration with: Lndane vaned from
1-2 h according to the concentration used Coatrol
samples received equivalent volumes of tetrahydrofuran
and sthane!

Fluorescence polarization measurements Fluorescence
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spectra were measured 1n a Perkin-Elmer spectrofluo-
rometer, Model MPF-3, provided with a thermostated
cell holder The excitation was set at 336 nm and the
emussion at 450 nm The excitation and enussion shts
were 4 and 6 nm, respectively The temperature of the
samole was checked with an accuracy of £01°C, using
a termustor thermometer The degree of fluorescence
polanzation {P) was calculated, according to Litman
and Barenholz [19] from the equation

poh-1c
TG

where /, and I, are the intensities of the emutted hght
onented, respectively, parallel and perpendtcular to the
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Fig 1 Lindane effects on the thermotropic phase transition of DMPC (A), DPPC (B) nd DSPC (C) bilayers, as determuined by Muorescence
polarizauon of meorporated DPH Mawmal incorporations were obtamed 1n the temperature range of the thermotropic phase transition (T}, values
for DMPC DPFPC and DSPC are about 24 41 and 54° C, respectively, as reported 1n Fag 3A of Ref 1)



plane of the excitation beam G 1s the correction factor
for instrument polanization, gwven by the rave of vert:-
cal to the horizontal components when the excitation
Tight 18 polanzed 1n the horizontal direction [19] High
degree of fluorescence polanzauon ( P) represents high
structural order or low membrane flwdity, and wice-
versa

Reagents Cholesterol, dimyristoyl-, dipalmutoyl- and
distearoylphosphatidyicholines, at least 98% pure and
DFH were obtained from Sigma Lindane was obtained
from Supeico, Inc

Results and Discussion

Fhadity of model membranes of pure phospholipids

Lindane lowers the phase transition temperature
medpomnt (7} of DMPC, DPPC and DSPC bilayers
(Fig 1 and Table I) and broadens the transinion, 1e,
expands the temperature range at which two-dimen-
sional domams of fluid and gel phase coexist (Fip 1A,
B and C) These effects depend on lindane concentra-
tion up to about 100 gM Furthermore, the msectucide
mteracts more effectively with short-chain rather than
long-chan lipids, since larger shifis in T}, were ohserved
m DMPC as compared with DPPC and DSPC bilayers
Thus, for 50 gM hndane, T, of DMPC, DPPC and
DSPC are shified by 25, 1 7 and 1 3 Cdeg, respectively
{Tabl~ II) The shuft and broademng of the transition 1n
pure lipid bilayers mduced by hndane 1s consistent with
other results reported previcusly [20.21}. Furthermore,
simalar effects have been descnbed for other insecticides
and other drugs [11,20-25]

Apparently, indane disturbs sigmficantly the buayer
order 1n the temperature range of the cooperative phase
transitton 1n DMPC, DPPC and DSPC buayers, but no
disordenng effects are noticed at temperatures 10 Cdeg
below T, Tius may partally reflect the relative exclu-
ston of lindane from the bilayers {especially, DPPC 1nd
DSPC) at low temperatures (Fig 3A of Ref 1) Never-
theless, ssgmficant incotporation oceurs in DMPC bi-
layers, at temperatures 10 Cdeg below the 7, without a
corresponding effect 1n membrane flmdity Apparently,
thermotropic geometrical factors imposed by the molec-

TABLE [

The effects of varipus hndane concentrations (@~ 100 p M) on the mud-
pont temp (T} of bulay d with DMPC
DPPC and DSPC hpid species

Type of Advded hndene {(pM) and respective T,,, values (°C)
bilayers o 35 50 3w
DMPC 232 228 217 07 05 >
DPPC 407 - 401 39 385 ®L
DSPC 529 - 525 516 505 505
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TABLE I

Effects of hadane (50 g M) on the mudgoint rermperature transition of
bulavers reconsnituled with pure bipids or with binary muxiures of liprds

Type of Control Lindane (50 uM) AT {Cdep)
bitayers Tat°Ch T,(°0)
DMFC 2312 7 25
DPRC 407 39 17
DspC 329 5146 13
DMPC + DPPC 08 2R 6 22
32 a6
+
DMPC + DSPC 326 {:5 P {7 0

uiar structure ot this bpio permt accommeadation of the
msecticrde without perturbation of membrane order
Also, a reasonable icorporatton of lindane occurs 1n
the flud phase of DMPC DPPC and DSPC bulayers
Nevertheless. the insecticide fails to disorder the flud
phase of the above lipids as concluded from the ther-
motropic data of Fig 1 Hence, it appears thal the flumd
phase holds enongh fiee volume to accommodate this
small msecticide molecule (4 A, of Ref 26), wathout
perturbation of the bilayer structure This conclusion s
reinforced by the fact that hndane has almost no effect
in the permeability of fluid egg-PC membranes to non-
electrolytes and to 10n-10n0phore complexes [10]

Fhadity of model membranes of binar. mrxtures

Lindane affects the thermotropte behavior of bilayers
coataning equumolar mixtures of DMPC plus DPPC
sumlarly as described for single DMPC or DPPC (Fag.
2A) Lindane (30 pM) lowers the phase rransition md-
point of the mixture by about 2 2 Cdeg, a value close to
that observed in pure DMPC bilayers (Table II) This
indicates a preferential interaction with DMPC hipid
speres, but a biphasic transition ts not observed How-
ever, a clear biphasic transition 15 observed in mixed
bilayers of DMPC plus DSPC upor Interaction with
lindane (Fig 2B and Table 1I) The higher temperature
profile 15 only shightly modified by the insecticide, but
the lower temperature component, 1e the new iransi-
tion, 15 broadened and shifted to lower lemperalures
relatively to the control This new transiyion is centered
at 256°C, 1e, a1 a T, close to that of pure DMPC
bilayers, whuch 1s about 24° C Thus property of ndane,
as promoter of phase separations 1s sitmular to that
previcusly descnibed for the organophosphorus com-
pounds pasathion and azmphos [11] Therefore, hndane
migraciton with membranes depends on the physico-
chermcal character of membrane hpids and 1s facihtated
by species which form domains with hugher fluidity 1n
agreement with the conclusions previously achieved by
Omann and Lakowicz [27] Since natve membranes
consist of domatns or patches of hpids differing
composition and flmdity {28-30], 1t can be predicted
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lar muxinres of DMPC DPPC (A) and DMPC DSPC (B) in the

absence (solid svmbols) and prasence {open symbols) of S0 @M lindane as a funcuon of temperature Lindane wonveris the single transition of the
bupary mixture of DMPC plus DSPC into a biphasic transinon The new transition (ower lemperalurc component) has a nudpoint at 256°C a
value close to the 7, of DMPC, which 15 about 24°C

that lindane 1s not homogeneously distnbuted, but pref-
erent:ally associated with flnd zones Furthermore, upon
interacting, with more flnd lypid species, lindane may
cause phase separations i microdomains with the con-
sequent physical {31,32] and physiological [31-34] un-
plications

Flwdety of brlayers contarung cholesterol

Cholesterol progressively increases the molecular
order m the flud phase of DMPC mlayers and
equumolar muxtures of DMPC plus cholesterol are de-
voud of thermotropic phase transions (Fig. 3), accord-
ng 1o classical observations [35] Dhsordenng effects of
lindane can be detected m DMPC bilayers wiath low
cholesterol content (< 30 mol%) However, the disorder-
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Fig 3 Fluorescen.¢ polanizabion of DPH in DMPC bilavers ennched
wilh cholesterol in the absence {solid lines) and i the presence
(dotted lines) of 50 M hindane Each curve was drawn acrass 16-20
expenimental pomnls For Lhe sake of clanty, the expenmental pomnts
were d The b 1] to the curves represent mol% of
corporated cholesterol

g effects of indane are gradually depressed and vamush
at cholestero! concentrations higher or equal to 3¢ mol%
(Fig 3) Apparently, chalesterol counteracts isecticide
wteraction, either by modifying the membrane struct-
ural organization or by compeunively opposing the
incorporation of hndane Indeed, hndane partiioning,
previously studied mn egg-PC membranes at 24°C,
decreases hinearly with the increase of cholesterol con-
tent, and a complete exclusion of hndane 15 observed
for cholesterel concentrations of about 50 mol% (Fig 2
of Ref, 1). Therefore, in native membranes, lindane
mnfluence would be greater m organelles and regions
with low cholesterol contents, 1. highly funcuonal
biomembrane systems such as mutochondna and endo-
plasmuc reticulum

Flurdity of native membranes

Fluorescence polarzation of DPH was studied in
several representative native membranes, namely,
erythrocytes, brain mcrosomes, myelin, sarcoplasmic
reticulum and mitochondna, over the temperature range
from 10 to 40°C Data illustrated mn Fig, 4 clearly
indicate that, independently of tcmperature, membrane
flmdity depends considerably on the membrane type
and compositon Cholesterol s an intrinsic modulator
of native membrane fluidity, since 1t decreases hnearly
(correlation coefficient =0975) with the increase of
“nauve’ cholesteral content (Fig 4B) Temperature also
modulates the general membrane fluidity since it n-
creases linearly wath temperature (Fig 4A)

Lindane has ne apparent disordenng effects mto
fluid native membranes (Fig 4, dotted lines), 1n close
agreement with the results obtamned 1n model bilayers 1n
the flwd state However, a significant incorporation was
detected nto the above membranes. over the temperture
range under study, 1 e, from 10 to 40°C (Fig 4 of Ref
1) Trerefore, lindane accommodates nto the mem-
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Fig 4 Fluorescence polanzation ot DPH in native membranes ay a function of temperature (A and intan w chuiesterol cantent (33 v the absence

(solid symbols) and n the presence (open symbols) of 50 M hindane Data of B were taken from A (fluorescence polanzation data at 24°C)

Regression hines were calculated by the least-squares method Correfanton coefiicients of —0991 -0973 -09 -0993 and — 096 were

calculated for erythrocytes (E) brain mucrosomes (BM) myeln (My) sarcoplasmic reniculum (SR) and mitochondna (Mr) respectivelv

Chiolesterc,/phosphobipid molar ratios for mutochondra sarcoplasmc reticulum brair mcrosomes myehn and ervthrocytes are 0 6 25 33 and 37
mol% respeclivelv

branes without causing perturbation ¢f the general
membrane ludity However, this finding does not rule
out that discrete membrane domams cannot be per-
turbed by lindane Especially ordered domams sus-
rounding 1ngegral protems (‘annular lipids’) have been
descnibed [36-38] These relatively ordered domams
may be differently affected by lindane and consequently
the actvites of ntegral protemns dependent on the
physico-chermical charactenistics of boundary domains
[39], may be affected by the msecucide Accordingly, i
has been 'nferred that the perturbation of the Ca®*-
pump activity of sarcoplasmic reticulum induced by
lindane may reflect the msecucide mteraction with the
boundary lipd of the pump [13.40]
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