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to the concentration of antigen in bulk solution as
can be seen in Fig. 4. Control experiments involv
ing the use of antigen alone and non-selective
protein interactions were completed to demon
strate that the transient ion current signals were
due to selective interactions.

Previous studies have shown that ion conduc
tion through BLMs depends on the phase struc
ture and/or the surface potential, which directly
depend on the concentration and the degree of
ionization of DPPA [13], and on the presence of
Ca2 + in bulk electrolyte solution [14]. The most
significant difference between these previous ex
periments and those reported in the present work
is that the former experiments report permanent
alterations of ion conductivity by concurrently
adjusting the electrostatic charge on both sides of
BLMs, while the latter provides surface charge
alterations only at the one membrane interface
(exposed to the antibody). The results indicate
that it is possible to control the structure and/or
electrostatic fields of one leaflet of a BLM with
out disturbing the opposite surface (over rela
tively short periods), as recently shown by the
generation of transient signals based on pH varia
tions caused by hydrolytic enzyme-substrate re
actions at BLMs prepared from PC/DPPA [15].

The transient signals shown in Fig. 3 are in
triguing due to the reproducibility and speed of
signal development at even low concentrations of
antigen. The transient currents have a duration of
seconds or less and are indicative of a rapid
reorganization of charge at the surface of mem
branes. Rabbit antithyroxin antiserum is poly
clonal and is composed of a mixture of antibodies
with isoelectric points (pI) in the range 6.3 to 9.0
[24,25]. The antigen T4 has a pI of 5.0 [25].
Electrostatic forces are important in the mecha
nism of formation of the antibody-antigen com
plex [25]. At pH 6.0 the formation of the complex
would result in partial neutralization of the net
positive charge of the antibody by the net nega
tive charge of the antigen.

Electrostatic changes induced by the anti
body-antigen interaction on one side of a BLM
would be expected to cause a slow (many min
utes) non-linear double layer reorganization to
occur, which would provide a slow transient
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change of signal (it is unknown whether the kinet
ics of the antibody-antigen reaction, or associa
tions of the immunocomplexes, or diffusion of the
antigen to the membrane surface is rate limiting).
The appearance of a rapid transient current after
a substantial time delay (i.e., much longer than
mixing or diffusion times) therefore suggests that
a capacitive charging current develops when some
critical magnitude of surface charge is achieved,
which results in a transition of membrane struc
ture from one form to another. This was the case
for hydrolytic enzyme-substrate reactions, and
related the time required for the appearance of a
transient current of constant magnitude to differ
ent concentrations of substrate [15]. However, the
results for the antibody-antigen experiments of
Figs. 3 and 4 indicate the evolution of a transient
signal with a relatively constant time correlation,
and varying magnitudes which are directly related
to antigen concentration. The relatively constant
delay times for transient current evolution for
widely varying concentrations of antigen indicate
that the mechanism responsible for the transient
is not directly related to the charge associated
with varying quantities of antigen at the BLM
surface.

The process of formation of BLMs requires
variable times, and antigen additions have been
done at different times after membrane forma
tion and stabilization. Only after addition of T4
were the transient currents of Fig. 3 observed,
confirming that the transients were not associated
with a spontaneous structural relaxation of the
BLMs. This undefined singular structural transi
tion is furthermore unique in that it only has
been observed to occur for the experimental con
ditions listed for Fig. 3. The magnitude of the
transient currents are consistent with the pro
posed capacitive charging events and are related
to the concentration changes of ions of the dou
ble layer as follows; the concentration of univa
lent ions at the membrane-solution interface,
C;(x), is given by the Boltzmann relation:

C;(x) = C; exp] -ze'l'o/kT] (1)

where C; is the electrolyte concentration in bulk
solution, z, e, k and T have their usual meanings
and '1'0 is the surface potential. The magnitude of
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