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Nucleic acids containing one or more carbocyclic sugars are
also included within the definition of nucleic acids (see
Jenkins et al., Chem. Soc. Rev. (1995) pp169-176). Several
nucleic acid analogs are described in Rawls, C & E News
Jun. 2, 1997 page 35. All of these references are hereby
expressly incorporated by reference. These modifications of
the ribose-phosphate backbone may be done to facilitate the
addition of electron transfer ligands, or to increase the
stability and half-life of such molecules in physiological
environments.

[0033] As will be appreciated by those in the art, all of
these nucleic acid analogs may find use in the present
invention. In addition, mixtures of naturally occurring
nucleic acids and analogs can be made; for example, at the
site of conductive oligomer or electron transfer ligand
attachment, an analog structure may be used. Alternatively,
mixtures of different nucleic acid analogs, and mixtures of
naturally occurring nucleic acids and analogs may be made.

[0034] Particularly preferred are peptide nucleic acids
(PNA) which includes peptide nucleic acid analogs. These
backbones are substantially non-ionic under neutral condi-
tions, in contrast to the highly charged phosphodiester
backbone of naturally occurring nucleic acids. This results in
two advantages. First, the PNA backbone exhibits improved
hybridization kinetics. PNAs have larger changes in the
melting temperature (Tm) for mismatched versus perfectly
matched base pairs. DNA and RNA typically exhibit a 2-4°
C. drop in Tm for an internal mismatch. With the non-ionic
PNA backbone, the drop is closer to 7-9° C. This allows for
better detection of mismatches.

[0035] The nucleic acids may be single stranded or double
stranded, as specified, or contain portions of both double
stranded or single stranded sequence. The nucleic acid may
be DNA, both genomic and cDNA, RNA or a hybrid, where
the nucleic acid contains any combination of deoxyribo- and
ribo-nucleotides, and any combination of bases, including
uracil, adenine, thymine, cytosine, guanine, inosine, Xatha-
nine hypoxathanine, isocytosine, isoguanine, etc. As used
herein, the term “nucleoside” includes nucleotides and
nucleoside and nucleotide analogs, and modified nucleo-
sides such as amino modified nucleosides. In addition,
“nucleoside” includes non-naturally occurring analog struc-
tures. Thus for example the individual units of a peptide
nucleic acid, each containing a base, are referred to herein as
nucleosides.

[0036] In a preferred embodiment, the present invention
provides methods of detecting target nucleic acids. By
“target nucleic acid” or “target sequence” or grammatical
equivalents herein means a nucleic acid sequence on a single
strand of nucleic acid. The target sequence may be a portion
of a gene, a regulatory sequence, genomic DNA, cDNA,
RNA including mRNA and rRNA, or others. It may be any
length, with the understanding that longer sequences are
more specific. In some embodiments, it may be desirable to
fragment or cleave the sample nucleic acid into fragments of
100 to 10,000 base pairs, with fragments of roughly 500 base
pairs being preferred in some embodiments. As will be
appreciated by those in the art, the complementary target
sequence may take many forms. For example, it may be
contained within a larger nucleic acid sequence, i.e. all or
part of a gene or mRNA, a restriction fragment of a plasmid
or genomic DNA, among others.
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[0037] As is outlined more fully below, probes (including
primers) are made to hybridize to target sequences to deter-
mine the presence or absence of the target sequence in a
sample. Generally speaking, this term will be understood by
those skilled in the art.

[0038] The target sequence may also be comprised of
different target domains; for example, in “sandwich” type
assays as outlined below, a first target domain of the sample
target sequence may hybridize to a capture probe or a
portion of capture extender probe, a second target domain
may hybridize to a portion of an amplifier probe, a label
probe, or a different capture or capture extender probe, etc.
In addition, the target domains may be adjacent (i.e. con-
tiguous) or separated. For example, when ligation chain
reaction (LCR) techniques are used, a first primer may
hybridize to a first target domain and a second primer may
hybridize to a second target domain; either the domains are
adjacent, or they may be separated by one or more nucle-
otides, coupled with the use of a polymerase and dNTPs, as
is more fully outlined below.

[0039] The terms “first” and “second” are not meant to
confer an orientation of the sequences with respect to the
5'-3' orientation of the target sequence. For example, assum-
ing a 5'-3' orientation of the complementary target sequence,
the first target domain may be located either 5' to the second
domain, or 3' to the second domain.

[0040] In a preferred embodiment, the target analyte is a
protein. As will be appreciated by those in the art, there are
a large number of possible proteinaceous target analytes that
may be detected using the present invention. By “proteins”
or grammatical equivalents herein is meant proteins, oli-
gopeptides and peptides, derivatives and analogs, including
proteins containing non-naturally occurring amino acids and
amino acid analogs, and peptidomimetic structures. The side
chains may be in either the (R) or the (S) configuration. In
a preferred embodiment, the amino acids are in the (S) or
L-configuration. As discussed below, when the protein is
used as a binding ligand, it may be desirable to utilize
protein analogs to retard degradation by sample contami-
nants.

[0041] Suitable protein target analytes include, but are not
limited to, (1) immunoglobulins, particularly IgEs, IgGs and
IgMs, and particularly therapeutically or diagnostically rel-
evant antibodies, including but not limited to, for example,
antibodies to human albumin, apolipoproteins (including
apolipoprotein E), human chorionic gonadotropin, cortisol,
a-fetoprotein, thyroxin, thyroid stimulating hormone (TSH),
antithrombin, antibodies to pharmaceuticals (including anti-
eptileptic drugs (phenytoin, primidone, carbariezepin, etho-
suximide, valproic acid, and phenobarbitol), cardioactive
drugs (digoxin, lidocaine, procainamide, and disopyramide),
bronchodilators (theophylline), antibiotics (chlorampheni-
col, sulfonamides), antidepressants, immunosuppresants,
abused drugs (amphetamine, methamphetamine, cannab-
inoids, cocaine and opiates) and antibodies to any number of
viruses (including orthomyxoviruses, (e.g. influenza virus),
paramyxoviruses (e.g respiratory syncytial virus, mumps
virus, measles virus), adenoviruses, rhinoviruses, coronavi-
ruses, reoviruses, togaviruses (e.g. rubella virus), parvovi-
ruses, poxviruses (e.g. variola virus, vaccinia virus),
enteroviruses (e.g. poliovirus, coxsackievirus), hepatitis
viruses (including A, B and C), herpesviruses (e.g. Herpes



