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Figure 2. Typical optical absorbance (A) and fluores-
cence emission (B) spectra of a CBI-amine derivative.
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Figure 3. Isocratic reverse-phase LC separation of five CBI
derivative (A). Same separation after addition of SDS (B).

References

[1] Rice, M. E., Oke, A. F., Bradberry, C. W., and Adams,
R. N., Brain Res. 151 (1985).

[2] Elworthy, P. M., and Hitchcock, E. R., J. Chromatogr.
380, 33 (1986).

506

i3] Moleman, P., and Borstrok, J, J. M,, Biogenic Amines 3, 33
{1985).

[4] Westerink, B. H. C., and Mulder, T. B. A., J. Neurochem.
6, 1449 (1981).

[5} Causon, R. C., Carruthers, M. E., and Rodnight, R., Anal.
Biochem. 116, 223 (1981).

[6] Kobayashi, S., Sekino, J., Kazumasa, H, and Imai, K,
Anal. Biochem. 112, 99 (1981).

[7] Mellbin, G., J. Chromatogr. 6, 1603 {1983).

[8] Imai, K., in Methods in Biogenic Amine Research, Eds.,
Parvez, S., Nagatsu, T., Nagatsu, I, and Parvez, H., El-
sevier, New York (1983) Chapter 2.

[9] Imai, K., Toyo’oka, T., and Miyano, H., Analyst 109, 1365
(1984).

{10] Mori, K., and Imai, K., Anal. Biochem, 146, 283 (1985).

[11] Todoriki, ., Hayashi, T., Naruse, H., and Hirakawa, A,
J. Chromatogr. 276, 45 (1983).

[12] Imai, K., J. Chromatogr. 150, 135 (1975).

(13] Yui, Y., and Kawai, C., J. Chromatogr. 206, 586 (1931).

[14] Yui, Y., Kimura, M., Itokawa, Y., and Kawai, C., J. Chro-
matogr. 177, 376 (1979).

[15] Roth, M., Anal. Chem. 43, 880 (1971).

f16] Udenfriend, S., Stein, S., Bohlen, P., Dairman, W., Leih-
gruben, W., and Weigle, M., Science 178, 871 (1972).

[17] Benson, J. R,, and Hare, P. E,, Proc. Natl. Acad. Sci. USA
72, 619 (1975).

[18] Matuszewski, B., Givens, R. S., Srinivasachar, K., Carlson,
R. G., and Higuchi, T., J. Org. Chem. 51, 3978 (1986).

Homogeneous Electrochemical
Immunoassay Using a Chemically
Modified Electrode

Rosanne Kannuck and Jon M, Bellama

Department of Chemistry and Biochemistry
University of Maryland
College Park, MD 20742

and

Richard A, Durst

Center for Analytical Chemistry
National Bureau of Standards
Gaithersburg, MD 20899

An alternative to enzymatic detection and ampli-
fication of antigen/antibody interactions is the use
of lipid bilayer structures known as liposomes. The
concept in using this type of structure is that a
specific “marker” is released from within the lipo-
some when an antigen/antibody binding event has
taken place on the liposome surface. Amphophilic
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phospholipid molecules spontaneously aggregate in
agueous media to minimize the interaction free en-
ergy per lipid molecule. This aggregation results in
the formation of closed bilayer structures consist-
ing of an aqueous internal cavity separated from
the external solution by a lipid membrane. If the
aqueous solution used in the liposome preparation
contains high concentrations of any of a variety of
dyes, proteins, or ionic species, the result is that the
marker is entrapped within a closed bilayer. The
physico-chemical properties of the liposome are
governed by the type of marker used, chemical
composition of the liposome (the types of am-
phophiles used), molecular size and charge of the
marker species, and membrane surface ligands.

The membrane surface ligands are either anti-
gens or antibodies that have been covalently bound
to the surface of certain phospholipid head group
entities, such as an amine molecule, and impart the
immunogenic properties to the liposome. After a
binding event occurs, the liposomes will act as a
receptor for complement attack, that is, a series of
naturally occurring serum proteins which recog-
nizes the event and lyses (disrupts) the membrane.

Recent work in this laboratory has demonstrated
the feasibility of encapsulating high concentrations
(50 mmol/L) of potassium ferrocyanide in lipo-
somes and detecting the released marker by differ-
ential pulse voltammetry [1]. We have found,
however, that modification of the electrode is nec-
essary to overcome the interferences encountered
in the immune lysis of liposomes and to enhance
the oxidative peak current of the liposome-released
ferrocyanide. This latter step is accomplished by
electrostatically binding the released marker at the
electrode surface via a technique described by
Whiteley and Martin [2] as ion-exchange voltam-
metry (IEV). The ferrocyanide ion is electrostati-
cally bound within a siloxane polymer film on the
electrode surface by the exchange with iodide
present in the film as a methylpyridinium iodide
(fig. 1).

A film thickness of 1.2 um was shown to be ade-
quate coverage for electrode protection. Figure 2
illustrates the ion-exchange capabilities of these
electrodes in serum matrices, where each data
point is the average of three different electrodes in
1 X 107% mol/L ferrocyanide (final concentration).
Peak currents measured at a bright Pt (0.635 cm?)
electrode for this concentration are typically on the
order of 0.1 pamp. Therefore, it is seen that even
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with 60% serum in the matrix, the signal obtained
is five times greater at the modified electrode.

Our research utilizes liposomes immunologically
sensitized by the addition of 1 mole percent dinitro-
phenol-capped phosphatidylethanolamine {DNP-
cap PE) to liposomes prepared from a mixture of
dimyristoylphosphatidylcholine (DMPC), choles-
terol, and dicetyl phosphate (DCP) in a 5:4:1 mole
ratio. Using this technique, we have been able to
demonstrate an analysis for anti-DNP IgM using
the DNP-fixed liposomes and measuring the ferro-
cyanide signal as a secondary response for the pres-
ence of IgM.

The amount of complement greatly affects the
permeability of the lipid bilayer, We have found
that a 1:4 dilution of the serum results in a peak
current (due to the nonspecific ferrocyanide leak-
age) of less than 0.5 nA over the background. A
greater concentration of serum can result in as
much as 86% of the entrapped marker leaking from
within the membrane prior to a lysing event,

The linear response of ferrocyanide release as a
function of IgM content in the sample is illustrated
in figure 3. From these results the inefficiency of
this particular complement lysis is evident. If the
peak current resulting from a surfactant lysis of the
membrane is defined as 100% release of the
marker, the response of the IgM-saturated DNP-
liposomes (between 100 and 200 uL of IgM super-
nate) implies that only 6-109% of the marker is
released. Future research using this technique will
include investigating alternate complement scurces
(such as guinea pig) which will hopefully prove to
be more reactive and improve the sensitivity of the
assay.
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Figure 1, Reaction sequence for fabrication of silane-modified electrodes with approximately 100% of the sites methylated.
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Figure 2. Ferrocyanide uptake for 1.2 pm thick polymer modi-

fied electrodes for increasing amounts serum in the sample . .

matrix. Figure 3. Analytical response (working) curve for DNP/Lipo-
somes, Voltammograms were recorded at a modified electrode

versus a Ag wire quasi reference electrode. Samples were incu-
bated for 30 minutes at 37 °C and the released ferrocyanide
preconcentrated for 30 minutes prior to scan.
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