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We deposit phospholipid monolayers on highly doped p-GaAs electrodes that are precoated with methyl-
mercaptobiphenyl monolayers and operate such a biofunctional electrolyte-insulator-semiconductor (EIS) setup
as an analogue of a metal-oxide-semiconductor setup. Electrochemical impedance spectra measured over a
wide frequency range demonstrate that the presence of a lipid monolayer remarkably slows down the diffusion
of ions so that the membrane-functionalized GaAs can be subjected to electrochemical investigations for
more than 3 days with no sign of degradation. The biofunctional EIS setup enables us to translate changes in
the surface charge densiy and bias potentialblyiss into the change in the interface capacitae Since

C, is governed by the capacitance of semiconductor space charge @gjdhe linear relationships obtained

for 1/Cp2 vs Q and 1,2 vs Upias Suggests tha€, can be used to detect the surface charges with a high
sensitivity (1 charge per 18 rfn Furthermore, the kinetics of phospholipids degradation by phospholipase
A, can also be monitored by a significant decrease in diffusion coefficients through the membrane by a
factor of 104. Thus, the operation of GaAs membrane composites established here allows for electrochemical
sensing of surface potential and barrier capability of biological membranes in a quantitative manner.

Introduction surface as well as on two-dimensional electron gas (2DEG)
Functional modification of solid-based devices with biomol- Enderts_OELr_l tE'Ck I?r?AIS cap Ilayb“TZDEGtc)Jlewces ?O?ed bkl

ecules draws an increasing attention toward creation of hybrid b nﬁmr ; Kr; m 'E (tat:]yn 1'8 hmva?t? rc’:lyeirsncalfﬁ d € ?p:rtai‘i :rrl] aqu]Jt(iouts
sensor materials, which enable one to translate specific functions utter formore tha 0 Sign ordegradation, in contras
of biomolecules into electrical current readotiSemiconduc- 0 naked devices that show continuous and irreversible degrada-

tors offer unique advantages over metals, because in semicontion within 1 h. In our recent accoufftwe further demonstrated

ductors changes in the surface potential caused by biochemicafhat bulk GaAs electrodes coated with hydrophobic biphenyithiol

reactions can be sensitively detected by changes in the electri monolayers can sensitively detect the electrolyte pH, which can

structures. Moreover, the recent development of semiconductorqm.3 attrl_buted to the adsorption of Ohbns on surf_aces coated
with highly ordered monolayer of hydrophobic molecules.

technology allows for flexible band gap engineering of highly o )
sensitive, low-dimensional devices (such as nanowires, two- Notably, the pH sensitivity of Igulk Gahs (35 mVipH) is
comparable to that of 2DEG devices.

dimensional electron gases). Gallium arsenide (GaAs) is one i ) "

of the most commonly used device materials for high electron !N this study, we deposit phospholipid monolayers on GaAs
mobility transistors (HEMTS) because: (i) GaAs undergoes €léctrodes, which are precoated with hydropholiicndthyl-
almost no lattice strain in fabrication of alloys (e.g.x®&As), 4-biphenylthiol (CH—MBP) monolayers (Scheme 1). Because

and (i) GaAs-based devices can be operated at high frequencyP! @ highly insulating property of C¢-MBP monolayers (the
at a very low thermal noise in comparison to Si-based resistance of the interface after monolayer deposition is as high

devices® 5 Applications of GaAs-based devices in liquid-phase &S 2-3 MQ cn¥) as well as phospholipid membranes (the
sensors under biologically relevant conditions, however, have 'esistance of a defect-free membrane is typically MQ cn),

been impeded by its intrinsic instability in aqueous electrolytes the whole interface can be treated as an analogue of electrolyte-
near neutral pH: 8 insulator-semiconductor (EIS) structures, so that changes in the

We overcame this problem by deposition of organic thiol surface potentials can be detected as changes in semiconductor

monolayerd-12 We previously reported that the same func- SPace charge capacitance. On the other hand, the enzymatic
tionalization protocols can be adopted not only on bulk GaAs degradation of a lipid monolayer by phospholipase(RLA)

electrodes but also on InAs quantum dots 10 nm below the GaAs¢an beé monitored by changes in the membrane permeability
(diffusion coefficient of ions across the membrane). The details
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by vesicle fusion. In the first system (left), changes in the surface charge _.
density (i.e., surface potential) are detected as changes in the spacé& 9Ureé 1. Impedance spectra (Bode plot) befor) @nd after @) the

charge capacitance of semiconductors. On the other hand, the enzymatidePosition of a lipid monolayer on a GaAs electrode coated with a

: o ; Hs—MBP monolayer, recorded at the current minimum potential
degradation of a lipid monolayer by PL&an be monitored by changes s T ! S S
in the membrane permeability (diffusion coefficient of ions across the (Ubiasi=o = —400 mV). The solid lines correspond to the fitting results
membrane). using model A {) and model B @) in Scheme 2.

purchased from Wafer Technology Ltd. (Bucks, U.K.). For these irreversible electrochemical degradation of GaAs electr8des.
electrochemical studies, an Ohmic contact was established frominstéad of using a rotating disk electrode, a constant flow of
the back side of the wafer by electron beam vapor deposition 4€92ssed 10 mM phosphate buffer with 150 mM of NaCl was
of Ni (100 A), Ge (200 A), and Au (2500 A). The synthesis of aPPlied. Impedance spectra were measured between 100 kHz
methyl-mercaptobiphenyl (GHMBP) is reported elsewhe?é. and 100 mHz, under a sinusoidal potentials with an amplitude
1,2-Dimyristoylsn-glycero-3-phosphocholine (DMPC), dihexa- of 10 mV. To estimate the electrochemical parameters quanti-
decyl-dimethylammoniumbromide (DHDAB), 1,2-dimyristoyl-  tatively from the measured impedance data, we have used
snglycero-3-[phospho-rac-(1-glycerol)] (DMPG), and choles- different simplified equivalent circuit elements models (Scheme
terol were purchased from Avanti Polar Lipids (Alabaster, Al, 1)- The ratio between the absolute error and absolute value (in
USA). All other chemicals were purchased from Sigma Aldrich Percentage) for each parameter after fitting an impedance
(Steinheim, Germany) and were used without further modifica- SPECUM IS within=19%, and the cumulative error taking all

tion. Freshly distilled Millipore water (18 2 cm) was used parameters into account (called “fitting error” in the following)
throughout this study. is kept within +5% throughout the study.

Sample Preparation.Prior to the surface modification, the
samples were briefly sonicated in aceton& (min) and rinsed
with ethanol. The native oxide of GaAs was stripped by soaking  Prior to the lipid membrane deposition, we check the
the sample in concentrated HCI for 1 min, resulting in a electrochemical stability of each GaAs sample coated with a
stoichiometric GaAs surfadé Self-assembled monolayers were methyl-mercaptobiphenyl (GHMBP) monolayer with imped-
deposited by immersing freshly etched substrates into ethanolance spectroscopy.To quantitatively identify various electro-
at 50°C for 20 h. The reaction was carried out under nitrogen chemical layers, measurements are carried out in a wide
(N2) atmosphere to avoid surface oxidation. After deposition, frequency range (P6-10°1 Hz) at the current minimum
the sample was taken out from the reactor, sonicated briefly potential Upiasj=o = —400 mV (vs Ag/AgCl), determined by
(~1 min) in ethanol, and dried by MNlow. cyclic voltammetry?! Instead ofn-GaAs used in our previous

Lipids were dissolved in chloroform and mixed to the desired studies, we usp-GaAs as an electrode in this study. Thus, the
composition. To avoid the phase separation of lipids as well as current minimum potential of the-GaAs sample, i.e., the bias
to achieve high electric resistance, the molar fraction of potential at which the sum of the oxidative and reductive
cholesterol was always kept at 40%. After evaporation of currents is minimum, is determined by cyclic voltammetry to
chloroform, the sample was kept overnight in vacuum and was be Upjasi=o = —400 mV (vs Ag/AgClI).
suspended in the buffer to achieve a concentration of 1 mg/ Only the samples that show negligibly small deviations
mL. Small unilamellar vesicles were prepared by sonication of (within £1%) in interface resistance and capacitance over
lipid suspensions for 525 min, and the resulting vesicle several scans are subjected to the further functionalization steps.
suspension was injected in the flow chamber. Electrochemical Characterization of Lipid Monolayer on

Electrochemical Impedance SpectroscopyThe electro- GaAs. Figure 1 represents the absolute impedance and the phase
chemical properties of the surfaces of chemically functionalized shift plotted as a function of frequency (Bode plot) of the GaAs
GaAs electrodes before and after the deposition of lipid coated with CH—MBP before ) and after @) the deposition
monolayers were monitored by AC impedance spectroscopy atof a lipid monolayer. To analyze the measured impedance
room temperature (Voltalab 40, Radiometer-Analytical, Lyon, spectra, we take two different circuit models that are presented
France). The contact area of the surface with the electrolyte in Scheme 2. As we described in our previous accounts more
was 0.28 cry and the volume inside the chamber was about in detail%1114 the impedance spectra before the membrane
1.5 mL. An Ag/AgCl electrode was used as a reference electrodedeposition {) can be well fitted by taking Model A (solid lines).
and an Au electrode as a counter electrode. For each electroRs reflects the Ohmic resistance of the electrolyte and/or
chemical measurement, the current minimum potential deter- electronic contacts in the high-frequency regirhe (10° Hz),
mined by cyclic voltammetr¥piasi-o = —400 mV was applied while C, andR, characterize the capacitance and resistance of
vs a Ag/AgCI reference electrode in order to minimize the the solid/electrolyte interface, respectively. The fitting yields

Results and Discussion
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SCHEME 2: Equivalent Circuit Models Used to Fit the
Impedance Spectr&
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resistance, i.e., with a parallel pair of Ohmic resistance and
capacitance, results in a large fitting errar1(6%).
Analytically, the Warburg resistance can be expressédi as

Ry
A R ¢, W, () = o(1 — i) V2 1)
whereo is the Warburg parameter
Ry Rn W\T/(G)
R __4RT 1
B o= (2)
i It V2F2n?pA VD

a@Model A consists of resistance of electrolyte and ohmic contact
Rs, interface capacitandg,, and interface resistané®. For analyzing
impedance spectra in the presence of a lipid monolayer, we use model
B that additionally includes Warburg elemehti,(o), the phase
transition resistance at the electrolyte/membrane intefRacand the
membrane capacitan.
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Figure 2. Kinetics of the formation of a phospholipid monolayer on

a GaAs electrode coated with a @HVIBP monolayer. At = 0, vesicle
suspension was injected to the electrochemical cell, and changes in
the Warburg elemendV, (O0) and the membrane capacitarCg (O)

are recorded as a function of time. Both, and C, reached to the
saturation level at ~ 7000 s. Such time evolutions can be fitted
empirically with a first-order exponential function, yielding the
characteristic time constants of,, = 1350+ 200 s forW, andzc, =
310+ 30 s forCy, respectively.

the interface capacitance and resistance of interface Ry be
1.2 MQ cn¥ andC, = 1.9 uFcni?, respectively.

Here, the interface capacitandg,, can be simplified to a
serial connection of capacitance of the electrolyte (Geuy
Chapman-Stern capacitancelCecs capacitance of the self-
assembled monolayer (SAMJisam, and space charge capaci-
tance of the semiconductoiCsc. Here, Cgcs is a serial
connection of the Helmholtz layer capacitan&®; > 140
wFcm2, and the diffusion layer capacitanc&ys > 0.9 Fenr2,
Moreover, our preliminary simulation with the detailed mddel
implied that the capacitive contribution from the surface states,
Css is negligible in our experimental system. Thus, we conclude
thatC, of the freshly etched, bare GaAs (which has the doping
ratio of naP ~ 3 x 10'° cm3) is governed byCsc, which is in
the range of 1.52.5uF cn12.

As presented in Figure 2 in more detail, the impedance spectrat

of the sample with a lipid monolayer (containing 60 mol %

DMPC and 40 mol % cholesterol) reach the saturation level f

A'is the active electrode areB, the diffusion constant of the
ions across the interfacg,their concentration at the surface,
and v the angular frequency of the read-out signal. The
constantR, T, n, andF have their usual meanings.

Taking this model, the electrochemical parameters of a lipid
monolayer can be calculated to Ber = 9 x 1? Q cn¥, Cp,
= 1.5uF cm 2, andWp, = 4.2 x 10° Q cn?. Note thatRper
merely represents the resistance of the electrolyte/membrane
interface, which does not include the diffusion barrier charac-
teristics of the hydrophobic core region of the membrane. Here,
the barrier capability of the membrane against the diffusion of
ions can be represented by diffusion coefficients and thiys
If one assumes that the concentration of ions on the surface is
comparable to that in the bulk electrolyte, a diffusion constant
of Dm=5 x 1075 um2 s~1 can be calculated from the Warburg
constantgy, = (5 £ 0.5) x 10° Q sV2 This diffusion coefficient
is about 7 orders of magnitude smaller than the diffusion of
ions in aqueous electrolyt® = 1 x 10° um? s™* (calculated
from the StokesEinstein equation of the ion with the radius
of 3.5 A) and about 34 orders of magnitude smaller than those
across alkylsiloxiane monolayer®, = 0.01-0.1 um? s 12!
Such a significantly high Warburg resistance coincides with the
excellent electrochemical stability achieved by the deposition
of a lipid monolayer, where we observe no sign of electro-
chemical instability for more than 3 days within the experimental
limit.

Recent X-rag? and neutrof? reflectivity studies reported the
presence of a thin gaseous layer at the interface between a
hydrophobic surface and an aqueous electrolyte. However, the
presence of such a layer cannot be detected by the impedance
spectroscopy. It should be noted that the fitting of the impedance
spectrum after the deposition of a lipid monolayer (Figure 1,
@) with model B, bothR, andC, are kept floating. Here, the
standard deviation between g value obtained with model
B (2.1 uF cn?) and the corresponding value calculated from
the spectrum before the membrane deposition (Figute Wyith
Model A (1.9uF cm?) is within 410%. In fact, we recently
reported that the interface resistance of the GaAs electrode
coated with a Cl—-MBP monolayer shows linear relationships
with electrolyte pH and bias potential in a reproducible
mannert* Such reproducible pH sensitivity cannot be achieved
or accounted in the presence of a gaseous layer. Furthermore,
he calculated capacitance of a lipid monolay@y, = 1.5 uF
cm~2, is almost double of the capacitance value reported for
ree-standingf2®> and supported lipid bilaye?, Cijayer = 0.7

(®) abou 2 h after the injection of vesicle suspensions. As we #F ¢ 2, which confirms the formation of a lipid monolayer

reported in our previous accouttthe best fit can be achieved
by taking model B (Scheme 2), which includes a new set of

circuit elements representing the phase transition resistance at

the electrolyte/membrane interfad®{), membrane capacitance
(Cy), and so-called Warburg resistandé/{). The Warburg
resistanceé\, is introduced in order to account for the diffusion
of ions across the membra#&®In fact, the fit without Warburg

on GaAs electrode coated with a @HVIBP monolayer. By
assumption that the dielectric constant of the hydrocarbon chains
is € = 2.2242527the thickness of the hydrocarbon region of a
lipid membrane can be calculated to thg = 12 A according

to
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Figure 3. Dependence of membrane capacitaGg€®) and interface ) Charge Density (LC C"_‘ )
capacitanceC, () on the doping ratios of charged lipids. Here, the ~Figure 4. Plot of 1C;? vs lateral charge densit®. Lateral charge
signs in thex axis coincide with the signs of charges. It should be density (note the sign of theaxis is inverted for the correspondence
noted thatC,, remains almost independent from the charge density on t0 “bias” potentials vs a reference electrode) can be calculated from

the membrane surfac€, = (1.5 + 0.2) x uF cn2 (broken line). In the molar fraction of charged lipids using the known mean molecular
contrast,C, shows a clear dependence on the surface charge density,area of a phospholipid~70 A?).3 For comparison, Dy? vs Upias plot
which seems to scale with [charged lipi8if (solid line). of a neutral lipid monolayerQ = 0 uC cnT?) is presented as the inset,

from which the carrier concentratiop = 1.1+ 0.3 x 10 cm™3 and
the flat band potentidUrg = —230+ 30 mV can be calculated. This

. . . .__enables one to estimate the sensitivity of a membrane charge sensor to
This seems to be in good agreement with the correspondingpe g mv cn#/uC, corresponding to 1 charge per 18%m

values reported previously:28:2°
Kinetics of Membrane Formation. Figure 2 represents the As presented in the figure, the capacitance of a lipid
plots of Win(0) andCy, as a function of time, corresponding to  monolayer Cy,) is almost independent from the mole fraction
the formation of a phospholipid monolayer. Each data point is of charged lipidsCr, = 1.5+ 0.2 uF cni 2 (the broken line in
calculated from individual impedance spectra collected every Figure 3). In contrasiC,, which is dominated by the semicon-
7.5 min. About 7000 s after the injection of lipid vesiclest(at  ductor space charge capacitance, shows a systematic dependence
= 0), both Wi, and C,, reach the saturation levels, i.e., the on the charge density on the membr&peAs indicated by the
prolonged incubation time and the increase of the sample solid line in Figure 3, the dependence@fon the lateral charge
temperature do not lead to any change. Flushing of remaining density and thus on the mole fraction of charged lipids seems
vesicles from the flow chamber does not result in any change to be well fitted with
in both parameters, suggesting that vesicles adsorbed on the

surface, even if they exist, do not influence the electrochemical c. O 1 (4)
characteristics of the supported membrane. By use of the surface P [lipid Charge]

plasmon resonance and quartz crystal microbalance, Keller et
al. reported that the kinetics of supported membrane formation It is also noteworthy that both Warburg resistantk, and
on a hydrophilic silica surface includes two steps: (i) adsorption characteristic time constants for the membrane formatigp (
of vesicles and (ii) spreading on the surf&#.should be noted  andzc,) remain constant irrespective of the presence of charged
that the kinetics observed here should mainly reflect the kinetics lipids, confirming that the electric resistance of the membrane
of the decrease of the active membrane area by spreading ofi.e., surface coverage) and kinetics of membrane formation are
the membrane on a hydrophobic surface, because the adheregot influenced by the lipid compositions.
vesicles cannot form the shielded “barrier” that significantly  Since C, can be quantitatively separated fro@), this
slows down the diffusion of ions. Empirical fitting of the capacitance reflects the serial connection of the capacitance of
observed kinetics with a first-order exponential function yields a CH;—MBP monolayer,Csav, and the semiconductor space
the characteristic time constants #, andC;, w,, = 1350+ charge capacitanc€sc. In Figure 4, the influence of surface
200 s andrc,, = 310 + 30 s, respectively. The apparent charge density o€, is presented by plotting ©4? vs lateral
difference between the characteristic time constants obtainedcharge density. Here, the mole fractions of charged lipids are
from changes in resistance and capacitance seems consistemjonverted to the charge density by taking the mean area
with the qualitative tendency observed for the formation bilayer occupied by one phospholipid molecule in the fluid phaseq
lipid membranes on Si/SiCelectrodes, where the capacitance A2 per molecule$!32 Therefore, this can be treated as an
reaches to its saturation level much faster than the resist@nce. analogue of MottShottky plots that predict a linear relationship
Capacitive Sensing of Surface Charge Densitylhe effect between 1,2 vs Uy if the semiconductor is operated at the
of the charge densityQ, on C, and Cy, can be studied by  depletion regime. In our experimental system, applications of
changing the composition of lipids in a systematic manner. Here, variousUex mean changes in the surface potentig] due to
the molar concentration of cholesterol is kept to be 40 mol %, changes in the surface charge dens@yaccording to the
and positively charged lipids (DHDAB) or negatively charged Poisson’s equation.
lipids (DMPG) are mixed with zwitterionic DMPC matrix to To verify this hypothesis, we also measure the impedance
achieve the total lipid fraction to be 60 mol %. Figure 3 spectra of a neutral lipid monolayer (consisting of 40 mol %
represents th€, andC, values plotted as a function of molar  cholesterol and 60 mol % DMPC) under various bias potentials.
percentage of charged lipids. Note that the sign inx{ais The impedance spectra are collected betwégr = —550 and
coincides with the sign of net surface charges, and the standard—350 mV, where the electrochemical stability of the system is
deviation of the electrochemical parameter after out of at least guaranteed for more than a day. Hetky is quantitatively
three independent experiments (experimental error) falls within represented b¥yias As presented in the inset of Figure 4, the
+10%. plot of 1/Cy2 vs Upias Shows a linear relationship. The slope of
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Figure 6. Enzymatic degradation of a phospholipid (DMPC) mono-
layer with PLA. The global shape of impedance spectra of the
membrane-functionalized GaAs (solid lines) change? h after the
injection of PLA, corresponding to the increaselrby almost 4 orders

of magnitude.

Figure 5. pH sensitivity of a GaAs electrode coated with a phospho-

lipid monolayer. In contrast to a high pH sensitivity before the

deposition of a lipid monolayer (GaAs with a GHMBP monolayer

has the sensitivity of 35 mV pH),}* the obtained pH sensitivity (4.7

mV pH™1) is negligibly small. This finding indicates that no adsorption

of OH™ ions take place on uncorrelated phosphocholine headgroups. o o .
The loss of pH sensitivity on a lipid monolayer can be attributed

such a plot coincides with the density of the majority carrier in to the loss of short-range correlation in phosphocholine head-

semiconducton, since groups in the presence of cholesterol (40 mol %), in contrast to
the CH—MBP monolayer that has almost no degree of
1 0 1 [Uext —Upg — k_T‘ (5) conformational change.
Csc2 Mo € Electrochemical Monitoring of Enzyme Functions.As the

) ) ) first step to monitor the biochemical reaction on the supported
Uext is the external potential arideg the flat band potentiaf lipid monolayer on semiconductors electrochemically, we study
The linear relationship observed here qualitatively indicates that ¢, enzymatic activity of PLAthat cleaves the ester linkage of
G II<'S sensmvehto the.chz;nge.ln thel, s.lérface clharge_deqslty the sn-2 position of a glycerophospholipid and transfer it into
lao'gg e?.osl'gt e_garnetr) enilty ?BE;?I mt(|)1n0 ?yer);\l(tﬁ.l h a lysophospholipid and a fatty aciflin Figure 6, we present
th 'rZIXd I (i:rm itcan de is :mairf I (rjom €s 0|c|>e. f fci)tijigl the impedance of GaAs electrode with a DMPC monolayer (with

€ model circuit use ere include a couple o 9 40 mol % of cholesterol) measured before the injection of PLA
parameters, this value seems reasonable in comparison to th solid lines) and the impedance of the same sample measured
values obtained from two reference experiments on GaAs coate fter incubation with PLAfor 2 h atT = 25°C (dashed lines)

with CH;—MBP SAM: (i) the carrier density of GaAs with a For th - f . : he buffer f 10
CHs;—MBP monolayer calculated in the same manney, or these series of experiments, we replace the buffer from

(SAM—GaAsfimp)= (3.2 + 0.3) x 10Y° cm'3, and (ii) the mM NaHPOs/NaH,PO, to 1.0 mM Hepes to avoid undesired

carrier density measured by a Hall measurement imgiall) interference to the enzymatic activiyThe exphange of buffer _

= (3.7 £ 0.2) x 10 cm3 From the intercept of the Salts does not cause any detectable change in the electrochemical

extrapolated linear part with theaxis, the flat band potential ~ Parameters of the membrane in the absence of enzyme.

of GaAs coated with a lipid monolayer can be calculated to be  As can be seen in the figure, upon injection of BlL£e

Ugg(lipid monolayer)= —230 mV. A slight shift from the value  absolute impedance in the low-frequency regibr (10 Hz),

of GaAs with the CH—MBP SAM, Ugg(SAM—GaAs)= —280 which is dominated by the Warburg resistaiég shows a clear

mV can be attributed to a potential drop across the hydrocarbondecrease after 2 h. This tendency can be interpreted as the

chain region. decrease in the barrier capability of the membranes against the
From two linear relationships obtained from our experiments, diffusion of ions, caused by the degradation of lipids by BLA

2 i i 2 . i
1/Cy* vs Q (Figure 4, main panel) and @f? vs Upias (Figure 4, In fact, theW,, value drops from the initial value, resulting
insets), the sensitivity of the membrane charge sensor on GaAs

can be calculated to be 8 mV &mC. Taking the area per lipid in a significant increase in the d|ffusE>n coefflc;ent ;)flg)ns by

. e 4 orders of magnitude, frof@memprane= 5 x 107> um? s™1 to
molecules (70 A) into account, the charge sensitivity can also D ~8 x 101 um2s-L. The chanae in the diffusion
be given as 1 charge per 18 arin fact, the sensitivity achieved (membrane-PLA7) > S X # ' 9

here is slightly better than the one of ITO coated with polymer- barrier capability (i.e., leakiness) of the membrane agrees well
supported lipid monolayer, 1 charge per 8ih with the previous reports using ellipsoméfrand atomic force

In our previous accourtt we reported that the interface  MICroScopy:>=’Furthermore, previously, Hanger et al. reported
resistance of a GaAs electrode coated with as;EMBP a r_ngh affinity of PLA to phase boundaries between gel and
monolayer shows linear relationships with electrolyte pH and fluid phases®® However, we do not carry out thorough inves-
bias potential in a reproducible manner, which can analytically tigations at the phase coexistence region, since the permeability
be extrapolated to be 35 mVpH By use of different equivalent ~ ©f pure phospholipid membranes significantly increases around
circuit models, we interpreted the mechanism of the observedthe phase transition temperature even in the absence of
pH sensitivity as the adsorption of OHons on the highly PLA,.3%40Nevertheless, it should be noted that such a significant
ordered CH headgroups of the GHMBP monolayer. How- change in the membrane permeability still does not cause any
ever, as presented in Figure 5, pH sensitivity after the depositionelectrochemical instability of the whole system, owing to the
of a phospholipid monolayer is negligibly small (4.7 mV p# highly insulating CH—MBP monolayer.
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