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In a novel biosensing approach, a stearyl-b-D-glucopyranoside
layer is formed by self-organization at the interface between a
solvent polymeric membrane and the aqueous sample phase and
its interaction with concanavalin A is detected by electric
impedance spectroscopy.

There is a growing interest in molecular recognition at the interface
of two immiscible liquids.1 Various methods have been used to
detect host–guest interactions at liquid/liquid interfaces including
polarography,1a–d interfacial tension measurements,1e second har-
monic generation,1f and total internal reflection fluorescence
spectroscopy.1g Electric impedance (EI) spectroscopy has been
widely used for probing biomolecular interfacial recognition on
solid surfaces2 and investigating solvent polymeric membranes3

but, so far, it has not been applied to monitor specific binding at
liquid/liquid interfaces. Recently, it was shown by EI spectros-
copy4,5 and potentiometric measurements5 that lipophilic nonionic
surfactants added to the membrane matrix may form a compact
layer by self-organization on the surface of solvent polymeric
membranes of ion-selective electrodes in contact with aqueous
solutions. Here, we show that the nonionic surfactant, stearyl-b-D-
glucopyranoside (S-b-D-GP), forms such a layer and the respective
EI spectra show distinct changes if the glucose-specific lectin
concanavalin A (Con A) is added to the sample solution. The native
protein Con A consists of 237 amino acid residues with bound Ca2+

and Mn2+ ions that provide the necessary activity of the
carbohydrate binding sites.6

The surfactant S-b-D-GP7 has been selected since it has a similar
estimated8 lipophilicity (log P = 5.9) to sorbitan monostearate,
which was shown to form a resistive layer on the surface of ion-
selective membranes.4,5 It was added (1 mmol kg21) to the cocktail
of Ca2+-selective membranes otherwise having the usual composi-
tion.9 In the Nyquist plot representation, the corresponding EI
spectrum of the membrane shows a second semicircle due to charge
transfer resistance and double-layer capacitance at the membrane/
electrolyte interfaces, which does not occur in the absence of the
surfactant (Fig. 1, top).10 The potentiometric response to Ca2+ of
the ion-selective electrodes11 with an internal solution of very low
Ca2+ activities shows a typical apparently super-Nernstian step due
to zero-current transmembrane ion fluxes.12 Upon addition of S-b-
D-GP to the membrane, the position of this step is shifted by about
one logarithmic unit to lower activities due to ion transfer resistance
(Fig. 1, bottom).5

When membranes doped with S-b-D-GP are brought into contact
with Con A,13 their EI spectra show significant changes (Fig. 2,
left).10 The flattening of the low frequency semicircle in the
Nyquist plot (top) and the concomitant decrease in the correspond-
ing phase angle, q, of the Bode phase plot (bottom) indicate an
increase in the surface capacitance. No such changes are detected if
the membranes do not contain S-b-D-GP (Fig. 2, right) showing that
they are due to specific interactions and not to unspecific adsorption
as was observed with bovine serum albumin.14 The EI spectroscopy
data were fitted to the equivalent circuit shown in the insert of Fig.
1 (top) to obtain the surface resistance and capacitance values
(Table 1). No significant changes occurred in the bulk resistance
and capacitance (data not shown). In all cases, incubation of the
membranes in Con A solutions induced a decrease in the surface

capacitance, which was more pronounced with higher concentra-
tions of Con A but did not change if the reaction time was longer
than 10 min (see Table 1). The observed decrease in capacitance is
in accordance with the attachment of Con A to the membrane
surface and the concomitant increase in the thickness of the surface
layer.2 Interestingly, at the same time, the surface resistance also
decreases. This might be due to facilitated ion transfer in the

Fig. 1 Top: Low frequency part of the EI spectrum10 of a Ca2+-membrane
without and with S-b-D-GP. Insert: Equivalent circuit used for analyzing the
data. Bottom: Potentiometric response of Ca2+-ISEs without and with S-b-
D-GP.11 The internal solution was designed so as to induce a strong inward
flux of Ca2+ thus causing an apparently super-Nernstian step.
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presence of Con A as a consequence of its interference with the
ordered surface layer of S-b-D-GP or of the presence of cations
bound to the protein.6

In summary, by EI spectroscopy, we have demonstrated the first
example of molecular recognition on the surface of polymeric
membranes between Con A and the nonionic surfactant S-b-D-GP,
which forms a layer on the membrane surface.
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Fig. 2 EI spectra of Ca2+-membranes10 with (left) and without (right) incorporated S-b-D-GP before and after incubation with 1 mM Con A for 1 h.13 Top:
Nyquist plots, bottom: Bode phase plots.

Table 1 Surface layer (sl) capacitance (C) and resistance (R) obtained from the EI spectra for Ca2+-selective membranes9 doped with S-b-D-GP before and
after contact with Con A for different concentrations and incubation timesa

Csl, mF Rsl, kOhm

Con A (incubation time) before after before after DCsl, % DRsl, %

0.05 mM (1 h) 1.4 ± 0.7 1.6 ± 0.9 61.9 ± 18.3 37.1 ± 1.2 10.6 240.1
0.10 mM (1 h) 1.4 ± 0.8 2.1 ± 2.4 61.2 ± 15.5 34.9 ± 9.0 46.9 243.0
0.25 mM (1 h) 1.3 ± 0.7 2.4 ± 1.4 36.2 ± 3.0 29.8 ± 16.7 81.2 217.7
0.10 mM (10 min) 1.4 ± 0.7 1.9 ± 1.1 59.4 ± 7.1 34.0 ± 7.7 33.1 242.7
0.10 mM (overnight) 1.6 ± 0.3 2.5 ± 0.4 52.8 ± 3.3 32.7 ± 6.8 31.4 238.1

a Error bounds: standard deviations of a total of 9 measurements (3 measurements with each of 3 membranes).
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