US 2004/0018611 Al

that adheres to the surface, and a portion that interacts with
neighboring molecules in the monolayer to form the rela-
tively ordered array. A “mixed” monolayer comprises a
heterogeneous monolayer, that is, where at least two differ-
ent molecules make up the monolayer. The SAM may
comprise conductive oligomers alone, or a mixture of con-
ductive oligomers and insulators. As outlined herein, the
efficiency of target analyte binding (for example, oligonucle-
otide hybridization) may increase when the analyte is at a
distance from the electrode. Similarly, non-specific binding
of biomolecules, including the target analytes, to an elec-
trode is generally reduced when a monolayer is present.
Thus, a monolayer facilitates the maintenance of the analyte
away from the electrode surface. In addition, a monolayer
serves to keep charged species away from the surface of the
electrode. Thus, this layer helps to prevent electrical contact
between the electrodes and the ETMSs, or between the
electrode and charged species within the solvent. Such
contact can result in a direct “short circuit” or an indirect
short circuit via charged species which may be present in the
sample. Accordingly, the monolayer is preferably tightly
packed in a uniform layer on the electrode surface, such that
a minimum of “holes” exist. The monolayer thus serves as
a physical barrier to block solvent accessibility to the
electrode.

[0258] In a preferred embodiment, the detection electrode
further comprises a capture binding ligand, preferably
covalently attached. By “binding ligand” or “binding spe-
cies” herein is meant a compound that is used to probe for
the presence of the target analyte, that will bind to the target
analyte. In general, for “electron transfer mode” embodi-
ments described herein, there are at least two binding ligands
used per target analyte molecule; a “capture” or “anchor”
binding ligand (also referred to herein as a “capture probe”,
particularly in reference to a nucleic acid binding ligand)
that is attached to the detection electrode as described
herein, and a soluble binding ligand, that binds indepen-
dently to the target analyte, and either directly or indirectly
comprises at least one ETM.

[0259] Generally, the capture binding ligand allows the
attachment of a target analyte to the detection electrode, for
the purposes of detection. As is more fully outlined below,
attachment of the target analyte to the capture binding ligand
may be direct (i.e. the target analyte binds to the capture
binding ligand) or indirect (one or more capture extender
ligands may be used).

[0260] In a preferred embodiment, the binding is specific,
and the binding ligand is part of a binding pair. By “spe-
cifically bind” herein is meant that the ligand binds the
analyte, with specificity sufficient to differentiate between
the analyte and other components or contaminants of the test
sample. However, as will be appreciated by those in the art,
it will be possible to detect analytes using binding that is not
highly specific; for example, the systems may use different
binding ligands, for example an array of different ligands,
and detection of any particular analyte is via its “signature”
of binding to a panel of binding ligands, similar to the
manner in which “electronic noses” work. The binding
should be sufficient to allow the analyte to remain bound
under the conditions of the assay, including wash steps to
remove non-specific binding. In some embodiments, for
example in the detection of certain biomolecules, the bind-
ing constants of the analyte to the binding ligand will be at
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least about 10™* to 10~° M™%, with at least about 10~ to 10™°
being preferred and at least about 1077 to 10™° M~ being
particularly preferred.

[0261] As will be appreciated by those in the art, the
composition of the binding ligand will depend on the
composition of the target analyte. Binding ligands to a wide
variety of analytes are known or can be readily found using
known techniques. For example, when the analyte is a
single-stranded nucleic acid, the binding ligand is generally
a substantially complementary nucleic acid. Alternatively, as
is generally described in U.S. Pat. Nos. 5,270,163, 5,475,
096, 5,567,588, 5,595,877, 5,637,459, 5,683,867, 5,705,337,
and related patents, hereby incorporated by reference,
nucleic acid “aptomers” can be developed for binding to
virtually any target analyte. Similarly the analyte may be a
nucleic acid binding protein and the capture binding ligand
is either a single-stranded or double-stranded nucleic acid;
alternatively, the binding ligand may be a nucleic acid
binding protein when the analyte is a single or double-
stranded nucleic acid. When the analyte is a protein, the
binding ligands include proteins (particularly including anti-
bodies or fragments thereof (FAbs, etc.)), small molecules,
or aptamers, described above. Preferred binding ligand
proteins include peptides. For example, when the analyte is
an enzyme, suitable binding ligands include substrates,
inhibitors, and other proteins that bind the enzyme, i.e.
components of a multi-enzyme (or protein) complex. As will
be appreciated by those in the art, any two molecules that
will associate, preferably specifically, may be used, either as
the analyte or the binding ligand. Suitable analyte/binding
ligand pairs include, but are not limited to, antibodies/
antigens, receptors/ligand, proteins/nucleic acids; nucleic
acids/nucleic acids, enzymes/substrates and/or inhibitors,
carbohydrates (including glycoproteins and glycolipids)/
lectins, carbohydrates and other binding partners, proteins/
proteins; and protein/small molecules. These may be wild-
type or derivative sequences. In a preferred embodiment, the
binding ligands are portions (particularly the extracellular
portions) of cell surface receptors that are known to multi-
merize, such as the growth hormone receptor, glucose trans-
porters (particularly GLUT4 receptor), transferrin receptor,
epidermal growth factor receptor, low density lipoprotein
receptor, high density lipoprotein receptor, leptin receptor,
interleukin receptors including IL-1, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-7, IL-8, IL-9, IL-11, IL-12, IL-13, IL-15 and IL-17
receptors, VEGF receptor, PDGF receptor, EPO receptor,
TPO receptor, ciliary neurotrophic factor receptor, prolactin
receptor, and T-cell receptors. Similarly, there is a wide body
of literature relating to the development of binding partners
based on combinatorial chemistry methods.

[0262] In this embodiment, when the binding ligand is a
nucleic acid, preferred compositions and techniques are
outlined in WO 98/20162; PCT/US98/12430; PCT/US98/
12082; PCT/US99/01705; PCT/US99/01703; and U.S. Ser.
Nos. 09/135,183; 60/105,875; and 09/295,691, all of which
are hereby expressly incorporated by reference.

[0263] The method of attachment of the capture binding
ligands to the attachment linker (either an insulator or
conductive oligomer) will generally be done as is known in
the art, and will depend on both the composition of the
attachment linker and the capture binding ligand. In general,
the capture binding ligands are attached to the attachment
linker through the use of functional groups on each that can



