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Abstract

This study positions the fabricated Pt/Hg-supgbpklospholipid sensor element in the context of
more conventional biomembrane-based screeningopia¢f The technology has been used
together with immobilised artificial membrane (IAMhromatography and COSMOmic simulation
methods to screen the interaction of a serieswfrimlecular weight narcotic organic compounds
in water with phosphatidylcholine (PC) membrartes. these chemicals it is shown that toxicity to
aquatic species is related to compound hydrophgbimhich is associated with compound
accumulation in the phospholipid membrane as medddly IAM chromatography measurements
and COSMOmic simulations. In contrast, the Hg-sufgal dioleoyl phosphatidylcholine (DOPC)
sensor element records membrane damage/modificattooh is indirectly related to general
toxicity and directly related to compound structur&lectrochemical limit of detection (LoD)
values depend on molecular structure and range 2@pmol dm? for substituted phenols to 23
mmol dm?® for aliphatics. Rapid cyclic voltammetry (RC\jrigerprints” showed that the major
structural classes of compounds: alkyl/chlorobeagesubstituted phenols, quaternary ammonium
compounds and neutral amines interacted distirigtiveth the DOPC on Hg and that these
observations correlated with and supported thosdigted by the COSMOmic simulations of the
compound/DMPC association. In addition, the combgdy of the electrochemical and
COSMOmic  methods validates the electrochemicaicdeas a meaningful high throughput
technology to screen compounds in water and repothe mechanistic details of their interaction

with phospholipid layers.
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1. Introduction

Due to recent regulatory and cultural changes tlseaegrowing need to replace vivo toxicology
testing of chemicals witim vitro andin silico models to better understand the mode of action and
the biochemical pathways leading to an adverseomgc[l]. The toxic process of narcosis is
believed to be a result of non-specific disturbaatéhe cell membrane (biomembrane) integrity
and constitutes the minimal or “baseline” toxiaiyevery chemical [2]. Biomembranes also play a
crucial role in the accumulation and distribution aifemicals in a biological system [3]. The
logarithm of the octanol-water partition coefficigiog P) is often used as a parameter to estimate
the partitioning of solutes into biomembranes [4,BUt for many chemicals (e.g. ionisable
compounds and surfactants) octanol represents asuoargate for the anisotropic structure and
complex molecular interactions occurring within thielogical membrane [6]. In spite of this 1&g
has a wide use in toxicology predictions and retaims significance as the log octanol-water
partition coefficient throughout the text and tabtd this paper. A number of biomembrane models
and techniques are available that estimate mongraety the partitioning into biomembranes such
as liposome-water partitioning [4], cell cultur@idies [7], nuclear magnetic resonance (NMR) [8],
surface plasmon resonance spectroscopy [9], miepistechniques [10], and theoretical molecular
simulations [11,12]. However, these methods atenafime- and cost-intensive and rarely suitable

for routine high-throughput screening.

The Hg-supported dioleoyl phosphatidylcholine (DQP@onolayer platform [13-16] using
electrochemical interrogation has been employedras successful biomembrane model. This
model has recently been transferred to a high tirput platform and has been developed to screen

organic compounds in water [13] but what it pregiseneasures in terms of compound-
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biomembrane interaction is still uncertain.  Imirast, two contemporary common techniques
widely used for measuring compound-biomembrateraction have been well characterised in
terms of the parameters which they measure. Thed®ologies are immobilised artificial
membrane (IAM) chromatography and COSMOmic simoatThe stationary phase of the IAM
column is comprised of porous silica particles edawith covalently linked dialkyl-phospholipids.
The affinity of the compound of interest to the gploolipidic phase is determined from the
retention factor which can be translated into a tame-water partitioning value and has been
shown to correlate well with values obtained thioulgposome-water partitioning [17,18].
COSMOmic [19] (a part of COSMOIlogic software) isfudly predictive method that combines
guantum chemistry and thermodynamics (COSMO-RSrifhd¢20] to calculate the free energy of
molecules in their most favourable position an@mi@tion in anisotropic systems. COSMOmic has
been applied to predict the degree of partitiommhgiolecules in model membrane bilayers as well

as their location in the lipid bilayer [19,21].

In the following, a systematic series of well-sedlirelatively low molecular weight aromatic and
aliphatic compounds (Fig. 1) have been screenedyubese above three methods. This paper
aims to validate the performance of the novelsdgported DOPC platform against the more
established techniques of IAM [17] chromatographg COSMOmic simulation [19,21]. The aim
is to define exactly which aspects of a commabphospholipid interaction this technology
measures. An additional objective is to see howptmameters derived from the supported layer

platform relate to the mode of biological actidrttee narcotic compounds.

2. Materials and methods
2.1. Electrochemistry

2.1.1. Principle
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Monolayers of DOPC on Hg undergo two potential-icetli phase transitions characterised by two
sharp capacitance current peaks respectively [h8kd& peaks correspond to the ingress of
electrolyte into the layer and the re-organisatibrine layer to form bilayer patches respectively
[22-25]. Alterations of these capacitance peakssgr®nymous to any changes in the monolayer
structure [26]. Interaction of the selected compsunith the monolayer significantly influences

the capacitance current-potential profile of thgefain a selective and systematic manner. A
depression of the two peaks indicates an initiraction of the compounds with the DOPC polar
groups [27] whereas an increase in the capacitauncent baseline reflects an association of a polar
compound with the DOPC apolar region and/or itsugison [28]. On the other hand, penetration

of compounds into the DOPC apolar region magdchafthe capacitance current baseline only
slightly if they have a low polarisability, or theapay even decrease the capacitance if they
contribute to thickening or stiffening of the moagér [29]. A potential shift of the capacitance

peaks shows an alteration in potential profile acrtyee layer implemented by the compound

interaction [29,30]. A broadening of the peaks aties an increase in monolayer disorder. Other
workers have followed a similar but nat-line high throughput approach for example Becucci et
al [31] indicated that changes of capacitancerastance in the low capacitance potential domain
of lipid on Hg drop electrodes represented phemsssitions in the lipid mixtures. In addition the

same workers [32] showed that the interactioditbéérent monolayer-protected Aul44 clusters at
DOPC coated Hg gave rise to capacitance changesiralthe low capacitance region of the

voltammograms. Interestingly, the idea of usingpalIbilayer as an analytical sensor element has

recently been developed in entirely separate s\s{83].

All compounds studied in this paper contained matebactive grouping since the resulting faradaic

signal would interfere with the analysis describédve.

2.1.2. Materials
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Test compounds were obtained from Sigma-Aldrictheiil physical chemical properties [34-41]

and generic toxicity to fish [42] expressed-é3g LCso are displayed in Table 1. kErepresents
the concentration of the chemical in water whiclhsk0% of the population of fathead minnow
(Pimephales promelas) after 96 hours. Since low values of JgQrepresent the most toxic
compounds, the log Lfgvalue is expressed as a minus value for conmeaief presentation so
that the largest value of -log k£indicates the most toxic compound. Stock solutioese
prepared in either acetone or 18.22M/illiQ water depending on solubility for final adidn to
test dilute working solutions in electrolyte. THearolyte used throughout the experiments was 0.1
mol L KCI, calcined at 600C for 2 h and buffered at pH 7.4 with 0.01 mol phosphate
(hereinafter referred to as phosphate bufferedsar PBS). The DOPC was obtained from Avanti
Polar Lipids Alabaster, AL, US and was >99% puiidhe DOPC dispersion for electrode coating
was prepared by gently shaking DOPC with PBS te giv0.25umol mL* dispersion. All other
reagents were of analytical grade and purchased Sigma-Aldrich. The microfabricated platinum
electrodes [43] (MPE) were supplied by the Tyndallational Institute, Ireland. Hg was
electrodeposited on the Pt disc of radius 0.480tmgive a Pt/Hg electrode as described previously

[26,43].

2.1.3. Apparatus and procedure

For the assay, the reader is referred to ref [4diflwgives a full description of the platform used
and procedure which was carried out exactly asribest previously. The approach has been used
previously in more complex matrices of tap wated awater with 3 mg dii humic acid and has
been shown to be free from interference [44]. dnagal the sensor gives distinctive responses to
classes of compounds rather than individual compsuadd mixtures of classes provide a
generalised response which could be deconvolvefuture studies. Specifically to this study,
interactions of compounds with the DOPC monolayerenmonitored by RCV while cycling the

electrode potential from0.4 to-1.2 V for 600 s during compound exposure. Followtnig, PBS
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control electrolyte was introduced into the flonnser module in place of the test compound in

PBS. PBS was flushed through for 400 s with ca@thRCV cycling from-0.4 to-1.2 V to allow

for any recovery of the DOPC layer's initial sturet to occur. Both the screening and DOPC
depuration are facilitated by an electrochemicailguced rapid mobility of the DOPC across two
reversible DOPC reorientations. In the cases ofnmecnvery an insignificant rate of removal of

compound from the DOPC during the time scale oftkgeriment is indicated.

RCV plots were generated from the electrochemisgleements. Each RCV plot is a unique
“fingerprint” characterising the interaction ofalacompound with the DOPC monolayer. In order
to obtain a quantitative estimate of the effecteath compound on the DOPC layer, limits of
detection (LoD) for the compound in PBS were eated. The LoD is the minimum concentration
of the compound in PBS which has a statisticalyynificant effect on the monolayer’'s properties
and is the quantitative analytical output from B@V technology. Its experimental determination
has been described in a previous paper [44]. Fag LoD values extracted for each
compound/DOPC interaction in this study are dispthin Table 1. Due to the fact that the most
active compounds on DOPC have the lowest LoD valhese were expressed-dsg LoD. This
was done for convenience of presentation so tiet highest values oflog LoD represent the
most active compound on the DOPC layer. Owindh&odynamic, induced mobility of the DOPC
sensor element, the results from the RCV assay Idhmlate to the way in which the

compound/DOPC association influences the DOPC dsdgem

2.2. IAM Chromatography

Kiam for all compounds was determined by measuringéktention time on a Regis® Technologies
IAM.PC.DD2 HPLC 100 mm x 4.6 id column. Measurensenere performed using an Agilent LC
1200 series system equipped with refractive indetector (RID) and diode array detector (DAD).

All compounds were analysed with isocratic eluttmn injecting 20pL of a 0.5 to 1.7 mol t



7
solution (or 0.14 to 0.34 mol L for 1,2-dichlorobenzene, 1,2 4-trichlorobenzene &nd6-

tribromophenol) on to the column held at 25 °C ana flow rate of 1 mt min™. The aqueous
eluent used consisted of 10 mmét Bmmonium acetate (pH 5.0) and PBS (pH 7.4) for62,4
triboromophenol. Measurements were generally chuoig at pH 5.0 to avoid interferences with the
charged surface of the silica particles [45,46]Jowdver, those done at pH 7.4 may suffer from
interferences with the silica column surface. Doethe difference in pH between the IAM
measurements (pH 5) and the electrochemical anditypstudies (pH ~7.4), discrepancies in the
ionisation states of the molecules, 2,4-dichlorayhel,2-diaminoproprane and aniline may occur.
For strongly sorbed compounds where no elution a@ained with 100% aqueous (aq) mobile
phase, extrapolation was performed from at leastetletention times of three different mobile
phase ratios (aqueous/methanol). LKkgy 100% aq is equal to the intercept of the linear
extrapolation curve. Lodav is calculated based on the mean of the retentmomst of each
standard ¢ and an un-retained compoung) (ising equation (1) below:

log Kiam = log ((t~to)/to) 1)
The measureay values can be converted to a phospholipid-watsitipaing coefficient K )
by accounting for the medium/phospholipid volumgoraf the column (0.053) [45Kw is then
simply calculated as:-

Kuw = (Kiaw /0.053) (2)

These values can be used as a direct descript@ha$pholipophilicity. Values for lodKyw
obtained in this study are displayed in Table hc8ithe IAM reverse phase is composed of a
phospholipid layer covalently attached to a sillm@ad, any interaction with a compound will
involve a compound penetration step and will bedly related to the phospholipid affinity for the

compound.

2.3.COSMOmic calculations

Principle and procedure.



8

Membrane partitioning calculations were performemhgishe COSMOmic [46-48] module of the
COSMOtherm [49] software (version C30_1501). Timeraged molecular dynamics (MD)
trajectories using the CHARMM36 forcefieldere used as the basis for the model of 1,2-
dimyristoyl-sn-glycero-3-phosphocholine (DMPC) [4The output of this simulation was used to
generate the DMPC micelle file, which was usedadnjenction with TZVP-optimised structures of
water and a representative DMPC phospholipid mddetcucreate a model of the DMPC membrane
[50]. In this model, DMPC was simulated as a staicBO slabs of homogeneous fluids composed
of the polar surfaces of the lipids and water males found within each slab. COSMOmic
calculates the excess chemical potentials arisiog fthe electrostatic, hydrogen bonding and
dispersion interactions of the surface segmentshef molecules within fluids. The chemical
potentials of guest molecules in 162 orientationthiw the micelle model were then used to
calculate free energies of interaction relativewater, from which distributions and membrane
partition coefficients can be derived. For ionigabbmpounds, calculations were performed using
both the neutral forms of the molecules and theseamhforms in combination with hydrated counter
ions. For cations a hydrated bromide ion was usedhe counter ion and for anions a hydrated
sodium ion was used. This obviates the need t@usembrane potential in COSMOmic, with the

advantage that the same ion pair can be used ftitiggaing calculations.

COSMOmic models micelles as stacks of homogenetuidsf meaning that it will allow
partitioning into individual slabs of the micella & manner that would in reality force the lipid
molecules apart and require changes to their cordigpn. COSMOmMmic considers the volumes
displaced by guest molecules within the slabs last o mechanism to incorporate contributions
from the stresses induced across slabs. A procedaseapplied to adjust the free energies and
distributions obtained from COSMOmic according e differences between the guest molecule
distributions and the lipid volume distributions [1%he stress-corrected distributions differentiate

between molecules that could fit within the miceN@hout causing reconfiguration of the lipid
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molecules, and those which cannot. In additiorht® ¢alculated membrane partition coefficients,

the distributions and free energies obtained fra@S®Omic and the stress-corrected versions can
be used to calculate mean free energies of interaand residual misfit energies. These provide
further information about the nature of the intéi@ac between guest molecules and the membrane.
COSMOmic helps to distinguish molecules which aaeract strongly with lipid molecules but do
not fit well into the membrane or interact with thelar head groups rather than the hydrocarbon
chains. The simulation procedures can be usebteoromolecular profiles of concentrations of the
DMPC molecule and the interacting molecule in aigal section through the lipid layer. The
compound profiles in the lipid layer are displayeith stress-correction. Another output from the
COSMOmic simulations are mean lipid-water partitiomefficients (logKw (cosm)) for each
compound. Those displayed in Table 1 are calculfxted the stress-corrected free energies with
layers composed of greater than 95% water defiseduéside the micelle. We are aware that the
COSMOmic treatment is an approximation since isusgurated DMPC not unsaturated DOPC as
a model lipid although both phospholipids are flatt25. On the other hand, theoretical micelles
are an implicit part of the COSMOmic membrane madealpite of the fact that DMPC micelles do
not exist experimentally. However, all statementsigighe term “micelle” apply to membrane
bilayers [18] and, since only the monolayer-compoumtdraction is of interest, the use of the

theoretical micelle in the model is valid.

3. Results and discussion

3.1. Electrochemical, IAM, logP and toxicological correlations.

Fig. 2 shows the relationships between, (a)Hog, and logP [41] and between (b) lo_ w and
log Kpw(cosm). In addition, correlations are displayed betweleg LCso values from reference
[42] and (c)-log LoD and, (d) logpw values and between (elog LoD and logkw. In all cases
the best linear fit is drawn through the data wite multiple R 95% correlation coefficient value

shown. The logw set of datehas a close relationship with I&g(Fig. 2(a)) which indicates that
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log Kuw is directly related to the organic partitioningtbhé compounds. However, the correlation
between loK,w and logP has not always been experimentally observed [4&.tight correlation
between loKw and logKw(cosm) (Fig. 2(b)) validates the use of the COSMOmic satiohs as

a method to predict compound-lipid partitioningignificantly, in this case the slope of the bést f
line is close to unity (1.00) with an intercept sdoto zero (-0.01). The correlation betwedog
LCso and-log LoD (Fig. 2(c)) is positive but not tight (R€3). Significantly there is a closer
linear relationship (R=0.92) betweetog LCsoand logK w (Fig. 2(d)) indicating that the toxicity
of the compounds is related to their affinity ftwetorganic phase. This relationship and the
empirical reasons for it have been well establigbéddland indicate that a non-specific and narcotic
toxic mode of action is linked to the generic pning and accumulation of compounds into
biological membranes [52-54]. The reason for theakee relation between-log LCs
and-log LoD is that the LoD measurement represents lttwest agueous concentration of
compound which structurally modifies the DOPC lay@&ihis is indirectly related to biomembrane
partitioning as confirmed by the weaker relatiopgbetween —log LoD and logK w (Fig. 2(e)).
Biomembrane modification is therefore not necebsadirectly associated with non-specific

toxicity and narcosis.

The differing outputs of the IAM and the RCV expeeints are expected in view of the way the
experiments are carried out. IAM employs a monalafephospholipid covalently attached to a
silica bead. In contrast the monolayer of DOPC anisihighly mobile and its mobility and full

exposure to the aqueous phase is maintained dur{agthe electrochemical scanning throughout
the assay and, (b) the DOPC depuration proceduge.aAesult, the IAM assay contains a
penetration element in the affinity of the compododthe phospholipid layer. On the other hand,
the RCV measurement gives information on the way the extent to which the compound self-

assembles in the DOPC layer and how this affeetstitucture of the mobile DOPC phase.
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3.2. RCV plots and COSMOmic simulations

The effects of the interactions of the compoundth whe DOPC monolayer on the capacitance
current-potential (RCV) plots are presented in #@stion together with the COSMOmMmic simulation
of the interaction of the same compounds with DMR(elles. From these observed effects
specific patterns led us to subdivide the compounidsseparate classes and discuss them as such.
The classes are, (i) alkyl/chlorobenzenes, (ii) studsd phenols, (iii) cationic aromatic and (iv)

neutral amines.

Fig. 3 shows the RCV plots and COSMOmic simulatioasulting from the compound/lipid
interactions representative of the alkyl/chloroleemes and substituted phenol compounds. The
RCV plots show a clear difference between the auson of the two compound groups with the
DOPC monolayer. The alkyl/chlorobenzene interactiatih DOPC initiates a significant shift of
capacitance current peaks 1 and 2 to more negadientials accompanied by a peak depression.
On the other hand, the substituted phenol/DOPQaanten gives rise to a depression of both
capacitance peaks with minimal potential shift. -d@ghlorophenol interaction causes a peak
broadening indicating an increase of disorder @@DOPC layer. The negative potential shift in the
RCV following alkyl/chlorobenzene interaction witfBOPC is common to all aromatic/DOPC
interactions and is indicative of these compouradsociation with a phospholipid monolayer [44].
This effect is dependent on the concentration efdbmpound [44] and the extent of compound

substitution as in ethylbenzene and 1,2,4-trictderzene.

It is significant that following interaction witthé more highly substituted alkyl/chlorobenzene
compounds in the electrochemical model, the DOBErlatructure and organisation cannot be
recovered after flushing with PBS whilst scanningnf-0.4 to-1.2 V (Fig. 3 and Table 1)). This

shows that these compounds are irreversibly boorldet DOPC layer within the operational range

of the experiment. This effect may be related te tlecreased water solubility of the higher
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substituted compounds (see Table 1). A decreaseer wolubility will impede the transfer of the
compound from the DOPC association to the surrayndiectrolyte and could be the main factor
leading to an increased Id® of these compounds. In contrast, there is compkstevery of the
DOPC layer following o-cresol/DOPC and 2,4,6-tribromophenol/DOPC inteoast and
subsequent flushing with PBS (Fig. 3 and Table Hlpte the change in the RCV plot following
interaction when the -Cl group in 1,2,4-trichlorakene is replaced by -OH in 2,4-dichlorophenol
(Fig. 3). In this case, unlike the 1,2,4-trichlornbene/DOPC interaction, there is partial recovery
of the DOPC layer after PBS flushing. The recovefythe DOPC layer following 2,4,6-
triboromophenol interaction is surprising in view tble low water solubility and the high Idgyof
2,4,6-tribromophenol (Table 1). Consequently,riatively rapid rate of depuration must relate to
another property of the molecule in comparison withe more highly substituted
alkyl/chlorobenzenes. One possibility is that pmesence of the -OH group enables a more rapid

transfer of 2,4,6-tribromophenol to the aquedusse.

The results from the COSMOmic simulation are alsspldiyed in Fig. 3 and indicate that the
alkyl/chlorobenzenes fit well into the DMPC monatayand are distributed evenly between the
polar groups and apolar chains extending the émgth of the lipid molecule. Owing to the static
nature of the model, the COSMOmic simulations atesensitive enough to distinguish the degrees
of interaction for each substituted compound. fdsilts of the COSMOmic simulation generally
indicate that the phenols have a more restrictealtion in the DMPC micelle and do not extend the
full length of the alkyl chains. This accounts the increased disruption of the DOPC layer
observed in the RCV representing the 2,4-dichloeopDOPC interaction. The 2,4,6-
triboromophenol/DMPC interaction is significant senits simulated molecular profile in the DMPC
layer approaches that arising from the alkyl/chleratene interaction in its ability to extend the
whole thickness of the lipid layer. This is commease with the decreased disruption to the RCV

plot following triboromophenol/DOPC interaction.
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Fig. 4 displays RCV plots and COSMOmic simulatioasulting from benzyltrimethylammonium
ion, benzylamine and 1,2-diaminopropane intesactvith DOPC on Hg and DMPC micelles
respectively. Benzyltrimethylammonium ion interaatiwith the DOPC layer effects a shift of the
capacitance current peaks to positive potentiaj.(B{(a)). This can be related to the positively
charged compound adsorbing on the DOPC layer suidad has been observed previously as a
response to the adsorption of positively chargedganic ions [55]. Benzylamine interacts at lower
solution concentrations in the same way as the yemzethylammonium ion causing a positive
potential shift in the two capacitance current pe@ee Fig. 4(b)). Benzylamine with a p&f 9.34
(see Table 1) is ~99% protonated at pH 7.4 andrptiso of benzylammonium ions within the
polar head region is predicted [55]. The location tbe benzyltrimethylammonium and
benzylammonium ions within the DMPC polar head oagis quite clear from the COSMOmic
simulations (Figs. 4(a) and (b)) as a restrictedtioa within the outer half of the DMPC layer [47].
It is significant that following interaction withhé benzyltrimethylammonium chloride and the
benzylammonium ions, the DOPC layer structure aigarasation can be recovered after flushing
with PBS whilst voltage scanning fron0.4 to—1.2V indicating that the compound interaction is

reversible entailing no loss of DOPC from the elei¢ surface.

The interaction of benzylamine with the DOPC onisigltered at higher solution concentrations of
benzylamine with a complete suppression of the atgpae peaks and a large increase in the
baseline capacitance current at less negative pae(fFig.4(c)). A similar interaction with DOPC

is observed from 1,2-diaminopropane of,pK84 (Fig. 4(d)). The structureless features of the
baseline capacitance current increase in botbscean be ascribed to a disruption of the DOPC
film. The increased concentration of the ~1% neuiemzylamine and <1% 1,2-diaminopropane
are the active moieties [56,57] which penetratd disrupt the DOPC layer. The COSMOmic

profile of neutral benzylamine and 1,2-diamino@og in the DMPC micelle is commensurate
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with this showing a deeper penetration of the DM&¢@r with “an uneven profile leading to layer

disruption.

Following benzylamine and 1,2-diaminopropane sxtgon with DOPC and flushing of the
DOPC layer whilst voltage scanning fron®.4 to -1.2 V, no recovery of the DOPC layer is
observed showing that the interaction is operatipriereversible. Both benzylamine and 1,2-
diaminopropane possess a relatively low Bgand finite water solubility (Table 1) which is
counter-intuitive to the observed irreversibilitfdowever, a strong interaction between the amine
grouping and the lipid polar groups through H-bowgdiogether with a layer disruption could
impede the transfer to the aqueous phase. Thespotmmis are classed as amine narcotics which
have a toxicity above that of baseline narcoti&§8] a fact which might explain their irreversible
interaction with the biomembrane model. By the saoken, ethanolamine (RKR.5) interacts with
DOPC and the interaction is partly reversible (€alk). Significantly, however, aniline’s
interaction with the DOPC layer is reversible (Tealh). Aniline is not classed as an amine narcotic
and its H-bonding ability is compromised throughtodalisation of the lone pair of electrons on the

N atom with the benzene ring.

4. Conclusions

1.This study positions the electrochemical biomeme model (RCV) within the landscape of
conventional compound and pharmaceutical scre@éme&vater. In particular the model is shown to
provide insights into membrane modification and poomd class specific interaction: two
processes which are not captured by chromatograganidioning measurement technologies such
as HPLC-IAM. Also evident is that, whereas 1AM f{ii@wning data correlates closely with fish
narcosis for a set of low molecular weight orgasompounds, the RCV LoDs correlate less well
with narcosis for the same set of compounds. Hdgates that membrane modification is only

indirectly related to narcosis. Indeed while membraartitioning is an exact thermodynamic
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guantity, LoD values contain a factor relatinghe tmembrane modifying capacity in addition to a

membrane-partitioning factor.

2. The results from this study using RCV togethgh \€OSMOmic simulation show the following.
Alkyl/chlorobenzenes form associations with the IBgr with little disruption of, and good fit in,
the layer structure. The irreversibility of thedrdaction of the molecule with the layer is related
the degree of aromatic substitution. Substitutednplse interact reversibly with PC layers
introducing layer disruption associated with a magtricted distribution and less good molecular
fit than the alkyl/chlorobenzenes. The benzyltringgmmonium and benzylammonium ions
adsorb within the polar head groups of PC layetshigher solution concentrations the neutral
benzylamine and 1,2-diaminopropane is associatedersibly with the DOPC layers in addition to

introducing a layer disruption.
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Figure Captions

Fig. 1

Compounds and their structures investigated; (@d&hlorophenol, (bp-cresol, (c) benzamide,
(d) benzylamine, (e) benzyltrimethylammonium iof), toluene, (g) diethyleneglycol, (h) 2-
butanone, (i) trichloroethene, (j) 1,2-dichlorobene, (k) 1,2,4-trichlorobenzene, (l)

ethylbenzene, (m) 2,4,6-tribromophenol, (n) 1&@sdnopropane, (o) aniline, (p) ethanolamine.

Fig. 2
Plots of; (a) logKuw vs logP, and (b) logKkw vs logKyw (cosm) for all compounds, (cylog (LCs
/ mol L'Y) vs-log (LoD/mmol LY, (d) -log (LCs¢/mol L) vs logKw and(e) -log (LoD/mmol L

1 vs logK_w. The 95% multiple correlation coefficient R vaisalisplayed on each plot.

Fig. 3

RCV recorded of a DOPC coated Pt/Hg (black linethie presence of 5 mmol‘lethylbenzene, 1
mmol L' 1,2,4-trichlorobenzene, 1 mmol L 2,4-dichlorophenol and 1 mmol 'L 2,4,6-
tribromophenol (red line), and recovery (blue liire.1 mol L* PBS at pH 7.4. Right panel shows
COSMOmic data for distribution of DMPC molecule gtk line) and compounds with misfit

correction (blue line) in DMPC micelle.

Fig. 4
RCV recorded of a DOPC coated Pt/Hg (black line)tle presence of, (@) 5 mmol™L
benzyltrimethylammonium chloride and, (b) 0.5 am)l {0 mmol L' benzylamine and (d) 25

diaminopropane (red line) and, recovery (blue limep.1 mol ! PBS at pH 7.4. Right panel
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shows COSMOmic data for distribution of DMPC molec(black line) and compounds with misfit

correction (blue line) in DMPC micelle.

Table 1. Compounds investigated: physical and cheoal properties and parameters

measured
Compound log (water | DM/ | pK, log logP -log log Kyw | -log Reversibility
solubility/ | Debye | [39,40] | Kiw (exp’tl) | (LCs¢/mol | (IAM) (LoD/mmol | interaction with
mg L) [38] (cosm) | [41] L) [42] LY DOPC
[34-37]
Toluene 2.72 0.375 2.9 2.73 3.43 2.46 |-0.176 Rev
Ethylbenzene 2.23 0.59 3.17 3.15 4.00 3.59 | -0.44716 Irrev
1,2-Dichlorobenzene 1.90 2.5 3.31 3.43 4.19 4.06 | -0.204 Irrev
1,2,4-Trichlorobenzene 1.69 3.4 4.02 4.78 4.52 0.69897 evirr
o-Cresol 4.41 1.45 3.28 1.95 3.89 2.67 0 Rev
2,4-Dichlorophenol 3.65 7.89 4.34 3.06 4.32 3.93 1.69 P aetl
2,4,6-Tribromophenol 1.84 6.8 4.97 4.13 4.70 4,927 1 Rev
Benzyltrimethylammonium | 5.28 0.7 0.775 0.522 Rev
Cl
Benzylamine 6 9.34 1.18 1.09 3.02 0.89 0.602 Rev/irrev
Aniline 4.56 1.13 4.6 2.01 0.9 2.99 145 |-1.06 Rev
Benzamide 4.13 12.2 111 0.64 2.26 154 |-0.301 Rev
2-Hydroxyethylether 6 231 -0.42 | -1.47 0.15 -0.312 | -1.08 Rev
2-Butanone 5.35 2.779 0.66 0.29 1.35 0.862 0 Rev
1,2-Diaminopropane 6 9.82 |-0.1 -1.2 1.87 -0.318 | -0.301 Irrev
2-Aminoethanol 6 2.27 9.50 0.25 | -1.31 1.47 -1.36 Partly rev
Trichloroethylene 3.11 2.92 2.61 3.47 2.33 | -0.602 Rev
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