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TISSUE COLLECTION DEVICES CONTAINING 
BIOSENSORS 

[0001] This application is a divisional application of US. 
application Ser. No. 09/472,657, ?led Dec. 27, 1999, Which 
claims priority to United State Provisional Application No. 
60/114,178, ?led Dec. 30, 1998. 

FIELD OF THE INVENTION 

[0002] The invention relates to tissue collection devices 
such as blood collection devices that comprise biosensors 
for the detection of target analytes such as nucleic acids and 
proteins, including antibodies and enZymes. 

BACKGROUND OF THE INVENTION 

[0003] The areas of molecular pathology, molecular 
oncology and molecular diagnostics are rapidly expanding, 
With the development and validation of neW molecular 
techniques of paramount importance in the clinical setting. 
With the rapidly accelerating pace of discovery of neW 
disease genes and a groWing aWareness of the role of genetic 
components of many disease states, the need for rapid, 
inexpensive and accurate tests is groWing exponentially. 

[0004] Generally, these tests can be classi?ed into several 
categories, including nucleic acid tests (for pathogens, onco 
genes, genetic diseases, etc.) and immunoassay tests (for a 
Wide variety of antigens and antibodies). In addition, the 
growing knowledge regarding causative mutations in human 
genes and single nucleotide polymorphisms (SNPs) leads to 
the need and desire to test the population to diagnose and 
identify those at risk for these genetic diseases. 

[0005] Clinically, these tests require a patient sample, 
frequently blood, into a tissue collection device, such as 
those described in US. Pat. Nos. 4,991,104, 3,974,930, 
4,301,936, 4,187,952, 4,186,840, 4,136,794, 4,465,200, 
4,111,326, 6,001,087, 6,001,429, 5,975,343 and 5,968,620. 
The sample is then generally processed, using a variety of 
steps, and the assay run. 

[0006] Simultaneously, the area of biosensors is rapidly 
expanding. Many of these rely on speci?c ligand/antiligand 
reactions as the mechanism of detection. That is, pairs of 
substances (i.e. the binding pairs or ligand/antiligands) are 
knoWn to bind to each other, While binding little or not at all 
to other substances. This has been the focus of a number of 
techniques that utiliZe these binding pairs for the detection 
of the complexes. These generally are done by labeling one 
component of the complex in some Way, so as to make the 
entire complex detectable, using, for example, radioiso 
topes, ?uorescent and other optically active molecules, 
enZymes, etc. 

[0007] Other assays rely on electronic signals for detec 
tion. Anumber of systems have been described; see US. Pat. 
Nos. 5,591,578; 5,824,473; 5,770,369; 5,705,348; 5,780, 
234; and 5,952,172; WO98/20162; WO99/37819; PCT 
US98/12430, PCT US99/01703; PCT US98/12082; PCT/ 
US99/14191; PCT/US99/21683; PCT/US99/25464 and 
PCT US99/10104; and US. Ser. Nos. 09/135,183; 09/295, 
691 and 09/306,653. 

[0008] In general, it Would be desirable to provide the 
ability to test a tissue sample With a minimum of handling 
steps. It is an object of the invention to provide tissue 
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collection devices that have incorporated biosensors, par 
ticularly electrodes, for use in diagnosis and screening. 

SUMMARY OF THE INVENTION 

[0009] In accordance With the above objects, the present 
invention provides tissue collection devices, particularly 
blood collection devices, comprising an electrode. The elec 
trodes may further comprise self-assembled monolayers and 
capture binding ligands, particularly nucleic acid capture 
probes. The monolayers may comprise insulators and/or 
electroconduit-forming species The devices may 
further comprise at least one reagent, including anticoagu 
lants, probe nucleic acids, and lysis reagents. 

[0010] In a further aspect, the invention provides method 
of detecting a target analyte is a sample comprising applying 
an initiation signal to a tissue collection device comprising 
an electrode. The electrode may comprise a self-assembled 
monolayer and an assay complex comprising a capture 
binding ligand, the target analyte and an electron transfer 
moiety. The methods further comprise detecting electron 
transfer betWeen the electrode and the electron transfer 
moiety. The methods may further comprising collecting the 
sample, for example using blood collection equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIGS. 1A, 1B, 1C and 1D depict tissue collection 
devices con?gured With reservoirs. FIG. 1A shoWs the tube 
10 With a cap 20; the cap 20 has a reservoir 30 With 
reagent(s) 40. FIG. 1B is similar except that there are tWo 
reservoirs 30 and 31 With reagents 40 and 41. FIG. 1C 
depicts a similar con?guration except that the reservoir 30 is 
part of the tube 10 rather than the cap 20. FIG. 1D depicts 
a con?guration that utiliZes a membrane 50 at the end of the 
tube. It should be noted that none of the systems depicted in 
FIG. 1 shoW the biosensor. 

[0012] FIGS. 2A and 2B depict tissue collection devices 
With reservoirs for testing of a portion of the sample. FIG. 
2A depicts a device that utiliZes a cap 20; as Will be 
appreciated by those in the art, devices With inlet ports, 
mermbranes, and other con?gurations may be used as Well. 
The reservoir 30 (With optional reagents 40) is separated 
from the sample area 70 by a valve or seal 60. FIG. 2B 
depicts a similar system except that the reservoir 30 can be 
detached from the sample chamber 70, using an detachable 
union 65. It should be noted that none of the systems 
depicted in FIG. 2 shoW the biosensor. 

[0013] FIGS. 3A, 3B and 3C depict some of the possible 
con?gurations of the biosensor and external leads for the 
compositions of the invention. FIG. 3A depicts the electrode 
of the biosensor 80 in the cap 20 With interconnects 90. 
FIGS. 3B and 3C depict the electrode of the biosensor 80 
as a component of the tube 10. FIG. 3B depicts a single 
biosensor; FIG. 3C depicts multiple biosensors 80. FIG. 3C 
depicts one set of external leads for all the electrodes, 
although as Will be appreciated by those in the art, multiple 
leads may be used as Well. In addition, there may be physical 
barriers betWeen compartments of the tube, each With a 
biosensor. FIG. 3D depicts a biosensor 80 in a reservoir 30 
of a device 10. 

[0014] FIGS. 4A, 4B and 4C depict three preferred 
embodiments for attaching a target sequence to the elec 
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trode. Although generally depicted as nucleic acids, non 
nucleic acid embodiments are also useful. FIG. 4A depicts 
a target sequence 120 hybridized to a capture probe 100 
linked via a attachment linker 106, Which as outlined herein 
may be either a conductive oligomer or an insulator. As for 
all the ?gures and con?gurations outlined herein, the capture 
probes may be the same, or the capture probes at any 
particular pad may be different, comprising sequences that 
hybridiZe to different parts of the target. The electrode 105 
comprises a monolayer of passivation agent 107, Which can 
comprise conductive oligomers (herein depicted as 108) 
and/or insulators (herein depicted as 109). As for all the 
embodiments depicted in the ?gures, n is an integer of at 
least 1, although as Will be appreciated by those in the art, 
the system may not utiliZe a capture probe at all (i.e. n is 
Zero), although this is generally not preferred. The upper 
limit of n Will depend on the length of the target sequence 
and the required sensitivity. FIG. 4B depicts the use of a 
single capture extender probe 110 With a ?rst portion 111 
that Will hybridiZe to a ?rst portion of the target sequence 
120 and a second portion that Will hybridiZe to the capture 
probe 100. FIG. 4C depicts the use of tWo capture extender 
probes 110 and 130. The ?rst capture extender probe 110 has 
a ?rst portion 111 that Will hybridiZe to a ?rst portion of the 
target sequence 120 and a second portion 112 that Will 
hybridiZe to a ?rst portion 102 of the capture probe 100. The 
second capture extender probe 130 has a ?rst portion 132 
that Will hybridiZe to a second portion of the target sequence 
120 and a second portion 131 that Will hybridiZe to a second 
portion 101 of the capture probe 100. 

[0015] FIGS. 5A, 5B, 5C, 5D and 5E depict different 
possible con?gurations of label probes and attachments of 
ETMs. The ?gures depict a second binding ligand that is a 
hybridiZable nucleic acid, but as Will be appreciated by those 
in the art, the second binding ligand can be non-nucleic acid 
as Well. In FIGS. 5A-C, the recruitnient linker is nucleic 
acid; in FIGS. 5D and E, is is not. A=nucleoside replace 
ment; B=attachment to a base; C=attachment to a ribose; 
D=attachment to a phosphate; E=metallocene polymer 
(although as described herein, this can be a polymer of other 
ETMs as Well), attached to a base, ribose or phosphate (or 
other backbone analogs); F=dendrimer structure, attached 
via a base, ribose or phosphate (or other backbone analogs); 
G=attachment via a “branching” structure, through base, 
ribose or phosphate (or other backbone analogs); H=attach 
ment of metallocene (or other ETM) polymers; I=attachment 
via a dendrimer structure; J=attachment using standard 
linkers. 

[0016] FIGS. 6A, 6B, 6C, 6D, 6E, 6F and 6G depict some 
of the embodiments of the invention. All of the monolayers 
depicted herein shoW the presence of both conductive oli 
gomers 108 and insulators 107 in roughly a 1:1 ratio, 
although as discussed herein, a variety of different ratios 
may be used, or either species may be completely absent, or 
other monolayer-forming species may be used. In addition, 
as Will be appreciated by those in the art, any one of these 
structures may be repeated for a particular target sequence; 
that is, for long target sequences, there may be multiple 
assay complexes formed. Additionally, any of the electrode 
attachment embodiments of FIG. 4 may be used in any of 
these systems. 

[0017] FIGS. 6A, 6B and 6D have the target sequence 120 
containing the ETMs 135; as discussed herein, these may be 
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added enZymatically, for example during a PCR reaction 
using nucleotides modi?ed With ETMs, resulting in essen 
tially random incorporation throughout the target sequence, 
or added to the terminus of the target sequence. FIG. 6D 
depicts the use of tWo different capture probes 100 and 100‘, 
that hybridiZe to different portions of the target sequence 
120. As Will be appreciated by those in the art, the 5‘-3‘ 
orientation of the tWo capture probes in this embodiment is 
different. 

[0018] FIG. 6C depicts the use of label probes 145 that 
hybridiZe directly to the target sequence 120. FIG. 6C 
shoWs the use of a label probe 145, comprising a ?rst portion 
141 that hybridiZes to a portion of the target sequence 120, 
a second portion 142 comprising ETMs 135. Although not 
depicted, a particularly preferred embodiment for use in 
Ussue collection devices is the use of direct capture of the 
target sequence to the capture probe, With at least one label 
probe hybridiZing to a different portion of the target. 

[0019] FIGS. 6E, 6F and 6G depict systems utiliZing label 
probes 145 that do-not hybridiZe directly to the target, but 
rather to ampli?er probes that are directly (FIG. 6E) or 
indirectly (FIGS. 6F and 6G) hybridiZed to the target 
sequence. FIG. 6E utiliZes an ampli?er probe 150 has a ?rst 
portion 151 that hybridiZes to the target sequence 120 and at 
least one second portion 152, i.e. the ampli?er sequence, that 
hybridiZes to the ?rst portion 141 of the label probe. FIG. 6F 
is similar, except that a ?rst label extender probe 160 is used, 
comprising a ?rst portion 161 that hybridiZes to the target 
sequence 120 and a second portion 162 that hybridiZes to a 
?rst portion 151 of ampli?er probe 150. A second portion 
152 of the ampli?er probe 150 hybridiZes to a ?rst portion 
141 of the label probe 140, Which also comprises a recruit 
ment linker 142 comprising ETMs 135. FIG. 6G adds a 
second label extender probe 170, With a ?rst portion 171 that 
hybridiZes to a portion of the target sequence 120 and a 
second portion that hybridiZes to a portion of the ampli?er 
probe. 

[0020] FIG. 6H depicts a system that utiliZes multiple 
label probes. The ?rst portion 141 of the label probe 140 can 
hybridiZe to all or part of the recruitment linker 142. 

[0021] FIGS. 7A, 7B, 7C, 7D, 7E and 7F depict some 
“mechanism-1” detection systems. FIG. 7A shoWs portions 
of target sequence 120 hybridiZed to detection probes 300 
linked via conductive oligomers 108 to electrode 105. The 
hybridiZation complex comprises an ETM 135 that can be 
covalently linked either to the target sequence or the detec 
tion probe 300, or non-covalently (i.e. a hybridiZation indi 
cator). The monolayer is depicted With insulators 107, 
although as outlined herein, any type of passivation agent 
may be used. FIG. 7B depicts the use of capture probe 100 
linked via attachment linker 106 to electrode 105, although 
as Will be appreciated, since the label probe 145 hybridiZes 
to the detection probe 300 this can serve as a type of capture 
probe. Alabel probe 145 comprising a ?rst portion 141 that 
hybridiZes to a portion of the target sequence 120 and a 
second portion 142 that hybridiZes to the detection probe 
300. FIG. 7C depicts the use of branched ampli?er probe 
150 comprising a ?rst portion 151 that hybridiZes to the 
target sequence 120 (although label extender probes can be 
used as Well) and ampli?cation sequences 152 that hybridiZe 
directly to the detection probes 300. The target sequence 
may be additionally attached to the electrode using capture 
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probes as outlined in FIG. 4. FIG. 7D depicts the same thing 
utilizing a linear ampli?cation probe 150. FIG. 7E depicts 
a similar system, but uses label probes 145 comprising a ?rst 
portion 141 that hybridiZes to the ampli?cation sequence 
152 and a second portion 142 that hybridiZes to a detection 
probe 300. FIG. 7F depicts the same thing but using a linear 
ampli?cation probe 150. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The present invention is directed to the use of 
biosensors in a tissue collection device. In general, the 
ability to collect the tissue sample, such as a blood sample, 
in a container that comprises a biosensor (and optionally 
assay reagents) alloWs a one-step molecular diagnositic 
assay. This may be used in a variety of Ways. For eXample, 
in one embodiment, the donation of blood into a container 
that has a biosensor alloWs the rapid and inexpensive testing 
of blood for contaminants, including pathogens such as 
viruses (hepatitis strains, HIV, etc.) or bacteria With a 
minimum of blood handling. Alternatively, tissues collected 
speci?cally for the purpose of testing, such as blood or 
vaginal samples for sexually transmitted diseases, can also 
be tested rapidly With a minimum of handling. 

[0023] Accordingly, the present invention provides tissue 
collection devices. By “tissue” or grammatical equivalents 
herein is meant any tissue for Which a bioassay can be done, 
including, but not limited to, blood, lymph, saliva, vaginal 
and anal secretions, urine, feces, perspiration, tears, and 
other bodily ?uids. By “tissue collection device” herein is 
meant any container, generally capable of being sealed, that 
can be used to collect, contain or store tissues, including 
bodily ?uids. Tissue collection devices are generally sterile. 
Speci?cally included herein are blood collection devices, 
such as are Well knoWn in the art, including blood collection 
tubes and bags, including VACUTAINER® brand evacuated 
tubes. These may be formatted in a variety of con?gurations; 
see for eXample U.S. Pat. Nos. 4,991,104, 3,974,930, 4,301, 
936, 4,187,952, 4,186,840, 4,136,794, 4,465,200, 4,111,326, 
6,001,087, 6,001,429, 5,975,343 and 5,968,620, all of Which 
are incorporated herein by reference in their entirety. 

[0024] As Will be appreciated by those in the art and 
outlined herein, the tissue collection devices of the invention 
can be con?gured in a variety of Ways. In one embodiment, 
the device has a single compartment for receiving sample, 
that may include optional reagents prior to collection. Alter 
natively, the tissue collection device is con?gured to have 
more than one compartment. This may be done in a variety 
of Ways, depending on the use of the device. For eXample, 
When the entire sample is to be used for assay, the compart 
ments may be used for storage of assay reagents. Alterna 
tively, When only a portion of the collected sample is to be 
assayed, the compartments may be used to segregate the 
portion for subsequent assay, or both. 

[0025] In a preferred embodiment, the entire sample is 
used in the assay. In this embodiment, it may be desirable to 
have one or more storage compartments for reagents. For 
example, US. Pat. No. 6,001,087 describes a collection 
assembly Wherein the cap of the device comprises a reser 
voir containing reagents as de?ned beloW. The insertion of 
a needle, such as is done during blood draWing, results in the 
rupture of the reservoir and the addition of the reagents to 
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the sample. This is generally shoWn in FIGS. 1A and 1B, 
shoWing one and multiple compartments for rupture in this 
manner. For eXample, different membranes may be used, 
such that a ?rst centrifugation at a ?rst speed ruptures the 
?rst membrane, causing the ?rst step of an assay; a second 
centrifugation at a higher speed Will rupture the second 
membrane, resulting in the second step of the assay; etc. In 
addition, the use of different density materials can generate 
liquid “compartments” or “phases” that can be used to 
separate different components of the assay. Similarly, the 
reservoir may be part of the tube, rather than the cap, as is 
generally depicted in FIG. 1C. Alternatively, the reservoir 
may be at the end of the tube, and utiliZe a membrane that 
can rupture upon centrifugation, as is shoWn in FIG. 1D. 
Alternatively, a gel barrier may be used, as is used in 
VACUTAINER® PPTTM systems. 

[0026] In a preferred embodiment, only a portion of the 
collected sample is used in the assay. In this embodiment, 
the device can have a compartment to alloW the testing of 
only a portion of the sample. For eXample, as shoWn in FIG. 
2A, there may be a separate reservoir, optionally comprising 
reagents, With a seal or valve, particularly one Way valves 
such as check valves, alloWing a portion of the sample 
access to the reservoir. This separate reservoir may be 
detachable from the sample compartment as Well, to alloW 
for a single collection from a patient, folloWed by segrega 
tion of the portion to be tested separately, as is depicted 
schematically in FIG. 2B. 

[0027] In a preferred embodiment, the tissue collection 
tube comprises reagents. These include reagents used in 
tissue handling, such as anticoagulants for blood, as Well as 
a variety of other reagents including salts, buffers, neutral 
proteins, e.g. albumin, detergents, etc Which may be used to 
facilitate optimal binding of the target analyte to the sensor 
composition and detection, and/or reduce non-speci?c or 
background interactions. Also reagents that otherWise 
improve the ef?ciency of the assay, such as protease inhibi 
tors, nuclease inhibitors, anti-microbial agents, etc., may be 
used, depending on the sample preparation methods and 
purity of the target. For eXample, there may be reagents and 
other components used to accelerate the binding of the target 
analytes to the biosensors, such as are generally described in 
PCT US99/14191, hereby incorporated by reference in its 
entirety. 
[0028] In addition, other reagents comprising components 
of the bioassay, including for eXample ampli?cation probes, 
label probes, capture eXtender probes, etc., as is generally 
outlined in US. Pat. Nos. 5,591,578; 5,824,473; 5,770,369; 
5,705,348; 5,780,234; and 5,952,172; WO98/20162; WO99/ 
37819; PCT US98/12430, PCT US99/01703; PCT US98/ 
12082; PCT/US99/14191; PCT/US99/21683; PCT/US99/ 
25464; and PCT US99/10104; and Us. Ser. Nos. 09/135, 
183; 09/295,691 and 09/306,653, can be placed in the tube 
prior to, after or during the introduction of the sample tissue. 

[0029] In a preferred embodiment, the reagent is a cell 
lysis agent for the lysis of cells (including patient cells, 
bacteria, etc.) or other pathogens such as virus. Suitable lysis 
buffers include, but are not limited to, guanidium chloride, 
chaotropic salts, enZymes such as lysoZymes, etc. In some 
embodiments, for eXample for blood cells, a simple dilution 
With Water or buffer can result in hypotonic lysis. The lysis 
agent may be in solution form or solid form that is taken up 
in solution upon introduction of the sample. 
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[0030] In a preferred embodiment, one or more reservoirs 
of the tissue collection device comprises the reagents. 

[0031] The tissue collection device further comprises a 
biosensor as outlined herein. As is more fully outlined 
beloW, the biosensor may comprise a single substrate With a 
single electrode, multiple substrates each With one or more 
electrodes, or a single substrate With a plurality of electrodes 
in an array format. 

[0032] As Will be appreciated by those in the art, the 
placement of the biosensor in the device can be done in a 
variety of Ways, as is generally depicted in FIG. 3. In a 
preferred embodiment, the biosensor is in the cap or stopper 
of the device as shoWn in FIG. 3A. In this embodiment, 
there are leads or interconnects on the outside of the cap, 
With the biosensor contacting the sample on the inside of the 
device. As in all the different con?gurations, What is impor 
tant is that the biosensor have some contact With some or all 
of the sample to be assayed. 

[0033] In a preferred embodiment, the placement of the 
biosensor(s) is on a surface internal to the sample compart 
ment, as is generally depicted in FIGS. 3B and 3C. In this 
embodiment, the external leads may be on the sample 
compartment or on the cap. As Will be appreciated by those 
in the art, if the biosensor is in the cap, the device may need 
to be inverted for assay. In this embodiment, different 
biosensors may be located in different sections of the device. 
For example, detection of genomic sequences may be done 
in one section of the tube, for example near the end, Where 
the heavier blood cells are after centrifugation, and detection 
of pathogenic (particularly viral) sequences may be done in 
a different section, for example Where the plasma resides 
after centrifugation. 

[0034] Alternatively, different biosensors may be located 
in different physical compartments of the device; for 
example, the use of gel barriers or other membranes may 
alloW certain cell types to be compartmentaliZed in the 
sample surface, thus reducing the complexity of the sample 
in any one compartment. 

[0035] The present invention provides tissue collection 
devices comprising biosensors. By “biosensors” herein is 
meant a sensor capable of detecting the presence of a target 
analyte in a sample. Biosensors in this context includes 
electrochemical sensors, optical ?ber sensors, evanescent 
Wave sensors, surface plasmon resonance sensors and acous 
tic Wave sensors. 

[0036] Thus, the methods are directed to the detection of 
target analytes. By “target analyte” or “analyte” or gram 
matical equivalents herein is meant any molecule or com 
pound to be detected and that can bind to a binding species, 
de?ned beloW. Suitable analytes include, but not limited to, 
small chemical molecules such as environmental or clinical 
chemical or pollutant or biomolecule, including, but not 
limited to, pesticides, insecticides, toxins, therapeutic-and 
abused drugs, hormones, antibiotics, antibodies, organic 
materials, etc. Suitable biomolecules include, but are not 
limited to, proteins (including enZymes, immunoglobulins 
and glycoproteins), nucleic acids, lipids, lectins, carbohy 
drates, hormones, Whole cells (including procaryotic (such 
as pathogenic bacteria) and eucaryotic cells, including mam 
malian tumor cells), viruses, spores, etc. Particularly pre 
ferred analytes are proteins including enZymes; drugs, cells; 
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antibodies; antigens; cellular membrane antigens and recep 
tors (neural, hormonal, nutrient, and cell surface receptors) 
or their ligands. 

[0037] By “proteins” or grammatical equivalents herein is 
meant proteins, oligopeptides and peptides, and analogs, 
including proteins containing non-naturally occuring amino 
acids and amino acid analogs, and peptidomimetic struc 
tures. 

[0038] As Will be appreciated by those in the art, a large 
number of analytes may be detected using the present 
methods; basically, any target analyte for Which a binding 
ligand, described beloW, may be made may be detected using 
the methods of the invention. 

[0039] In a preferred embodiment, the target analytes are 
nucleic acids. By “nucleic acid” or “oligonucleotide” or 
grammatical equivalents herein means at least tWo nucle 
otides covalently linked together. A nucleic acid of the 
present invention Will generally contain phosphodiester 
bonds, although in some cases, as outlined beloW, nucleic 
acid analogs are included that may have alternate backbones, 
comprising, for example, phosphoramide (Beaucage et al., 
Tetrahedron 49(10)11925 (1993) and references therein; 
Letsinger, J. Org. Chem. 3513800 (1970); SprinZl et al., Eur. 
J. Biochem. 811579 (1977); Letsinger et al., Nucl. Acids Res. 
1413487 (1986); SaWai et al, Chem. Left. 805 (1984), 
Letsinger et al., J. Am. Chem. Soc. 11014470 (1988); and 
PauWels et al., Chemica Scripta 261141 91986)), phospho 
rothioate (Mag et al., Nucleic Acids Res. 1911437 (1991); 
and US. Pat. No. 5,644,048), phosphorodithioate (Briu et 
al., J. Am. Chem. Soc. 11 112321 (1989), O-methylpho 
phoroamidite linkages (see Eckstein, Oligonucleotides and 
Analogues: APractical Approach, Oxford University Press), 
and peptide nucleic acid backbones and linkages (see 
Egholm, J. Am. Chem. Soc. 11411895 (1992); Meier et al., 
Chem. Int. Ed. Engl. 3111008 (1992); Nielsen, Nature, 
3651566 (1993); Carlsson et al., Nature 3801207 (1996), all 
of Which are incorporated by reference). Other analog 
nucleic acids include those With positive backbones (Denpcy 
et al., Proc. Natl. Acad. Sci. USA 9216097 (1995); non-ionic 
backbones (US. Pat. Nos. 5,386,023, 5,637,684, 5,602,240, 
5,216,141 and 4,469,863; KiedroWshi et al., AngeW. Chem. 
Intl. Ed. English 301423 (1991); Letsinger et al., J. Am. 
Chem. Soc. 11014470 (1988); Letsinger et al., Nucleoside & 
Nucleotide 1311597 (1994); Chapters 2 and 3, ASC Sym 
posium Series 580, “Carbohydrate Modi?cations in Anti 
sense Research”, Ed. Y. S. Sanghui and P. Dan Cook; 
Mesmaeker et al., Bioorganic & Medicinal Chem. Left. 
41395 (1994); Jeffs et al., J. Biomolecular NMR 34117 
(1994); Tetrahedron Left. 371743 (1996)) and non-ribose 
backbones, including those described in US. Pat. Nos. 
5,235,033 and 5,034,506, and Chapters 6 and 7, ASC 
Symposium Series 580, “Carbohydrate Modi?cations in 
Antisense Research”, Ed. Y. S. Sanghui and P. Dan Cook. 
Nucleic acids containing one or more carbocyclic sugars are 
also included Within the de?nition 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 modi?cations of 
the ribose-phosphate backbone may be done to facilitate the 
addition of ETMs, or to increase the stability and half-life of 
such molecules in physiological environments. 
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[0040] As Will be appreciated by those in the art, all of 
these nucleic acid analogs may ?nd use in the present 
invention. In addition, mixtures of naturally occurring 
nucleic acids and analogs can be made; for example, at the 
site of surface species or ETM attachment, an analog struc 
ture may be used. Alternatively, mixtures of different nucleic 
acid analogs, and mixtures of naturally occuring nucleic 
acids and analogs may be made. 

[0041] 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 basepairs. 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. Similarly, due to 
their non-ionic nature, hybridiZation of the bases attached to 
these backbones is relatively insensitive to salt concentra 
tion. This is particularly advantageous in the systems of the 
present invention, as a reduced salt hybridiZation solution 
has a loWer Faradaic current than a physiological salt 
solution (in the range of 150 mM). 

[0042] The nucleic acids may be single stranded or double 
stranded, as speci?ed, 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. A pre 
ferred embodiment utiliZes isocytosine and isoguanine in 
nucleic acids designed to be complementary to other probes, 
rather than target sequences, as this reduces non-speci?c 
hybridiZation, as is generally described in US. Pat. No. 
5,681,702. As used herein, the term “nucleoside” includes 
nucleotides as Well as nucleoside and nucleotide analogs, 
and modi?ed nucleosides such as amino modi?ed nucleo 
sides. In addition, “nucleoside” includes non-naturally 
occuring analog structures. Thus for example the individual 
units of a peptide nucleic acid, each containing a base, are 
referred to herein as a nucleoside. 

[0043] Thus, in a preferred embodiment, the target analyte 
is a target sequence. The term “target sequence” or “target 
nucleic acid” 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. As is outlined herein, the target 
sequence may be a target sequence from a sample, or a 
secondary target such as a product of an ampli?cation 
reaction, etc. It may be any length, With the understanding 
that longer sequences are more speci?c. As Will be appre 
ciated 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, ie all or part of a gene 
or mRNA, a restriction fragment of a plasmid or genomic 
DNA, among others. As is outlined more fully beloW, probes 
are made to hybridiZe to target sequences to determine the 
presence or absence of the target sequence in a sample. 
Generally speaking, this term Will be understood by those 
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skilled in the art. The target sequence may also be comprised 
of different target domains; for example, a ?rst 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 ampli?er probe, a 
label probe, or a different capture or capture extender probe, 
etc. The target domains may be adjacent or separated as 
indicated. Unless speci?ed, the terms “?rst” 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, assuming a 5‘-3‘ orientation of the complementary 
target sequence, the ?rst target domain may be located either 
5‘ to the second domain, or 3‘ to the second domain. 

[0044] In a preferred embodiment, the methods of the 
invention are used to detect pathogens such as bacteria. In 
this embodiment, preferred target sequences include rRNA, 
as-is generally described in US. Pat. Nos. 4,851,330; 5,288, 
611; 5,723,597; 6,641,632; 5,738,987; 5,830,654; 5,763, 
163; 5,738,989; 5,738,988; 5,723,597; 5,714,324; 5,582, 
975; 5,747,252; 5,567,587; 5,558,990; 5,622,827; 5,514, 
551; 5,501,951; 5,656,427; 5.352.579; 5,683,870; 5,374, 
718; 5,292,874; 5,780,219; 5,030,557; and 5,541,308, all of 
Which are expressly incorporated by reference. 

[0045] In addition, in a preferred embodiment, the com 
positions of the invention comprising biosensors With assay 
complexes in tissue collection devices can be used in a 
number of standard diagnostic tests. See for example the 
Reference Guide for Diagnostic Molecular Pathology/FloW 
Cytometry: Fascicle VII, 1996 College of American 
Pathologists, ISBN 0-930304-63-2, hereby incorporated by 
reference in its entirety. These assays include, but are not 
limited to, detection of: Adenosine Deaminase Gene; Aden 
ovirus; Adrenoleukodystrophy Gene; Adult Polycystic Kid 
ney Disease; Aeromonas spp.; Pleisiomonas spp.; Alphal 
Antitrypsin De?ciency; ot-Thalassemia Detection; 
AlZheimer’s Disease; Amebae; Androgen Receptor Gene; 
Antimicrobial Resistance Determination; Arylsulfatase A 
Gene; Aspartoacylase Gene; [3-thalassemia; Babesia microti; 
Bartonella; Basal Cell Carcinoma; bcl-2 Gene Rearrange 
ments; bcr Gene Rearrangements; Bordetella spp.; Borrelia 
bargdorferi; B/T Cell Gene Rearrangements; c-myc; c-src 
Proto-Oncogene; Campylobacter spp.; Arcobacter spp.; 
Helicobacter spp.; Candida albicans; Carbonic Anhydrase II 
Gene; Carcinoembryonic Antigen; Charcot-Marie-Tooth 
Neuropathies; Chlamydia trachomatis; Clostridiam di?icile; 
Colorectal Cancer Genetic Pro?le; Copper-Transporting 
P-Type ATPase Genes; Cystic Fibrosis Gene; Cytomega 
lovirus; DNA Repair Disorders; DNA Storage Bank; DoWn 
Syndrome Gene; Dystrophin Gene; Ehrlichia; Enterococcus 
spp.; Enterovirulent Escherschia coli; Enteroviruses; 
Epstein-Barr Virus; Factor Vleiden; Factor VIIIc Gene; Fac 
tor IX Gene; Familial Breast Cancer; Familial Hypertrophic 
Cardiomyopathy Genes; Family Filarioidea; Ferrochelatase 
Gene; Fibrillin Gene; Forensic Testing; Fragile X Syn 
drome; G-protein Genes; Gardnerella vaginalis; Gaucher’s 
Disease; Giardia spp.; Glucokinase Gene; Glucose Trans 
porter Gene; Haemophilus spp.; Hepatitis AVirus; Hepatitis 
B Virus; Hepatitis C Virus; Hepatitis delta Virus; Hepatitis 
E Virus; HER-2/neu Gene Ampli?cation; Hereditary Amy 
loidosis; Herpes Simplex Virus; Hexosaminidase Alpha 
Subunit Gene; Histoplasma capsalatam; HIV I; HLA Test 
ing; Human Herpesvirus-6 Types A and B; Human Papillo 
mavirus; Huntington’s Disease Genes; Hurler/Scheie Syn 
drome Gene; Insulin Gene; Insulin Receptor Gene; Laminin/ 
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Laminin Receptor; Leber’s Hereditary Optic Nueropathy 
Genes; Legionella pneumophila; Leishmania spp.; Leuke 
mia/Lymphoma Molecular Prognostic Markers; LoW Den 
sity Lipoprotein Receptor and Ligands Apolipoproteins B 
and E; LuteiniZing Hormone Gene; Medium-Chain Acyl 
CoenZyme A Dehydrogenase Gene; Minimal Residual Dis 
ease Detection; Mitrochondrial ATPase 6 Gene; Mitochon 
drial DNA; Mitrochondrial DNA Deletions; Mitrochondrial 
DNA Depletions; Mitochondrial tRNA Genes; Molecular 
Epidemiology of Nosocomial Infections; Multi-Drug Resis 
tance Genes; Multiple Endocrine Neoplasia Type 1; Mul 
tiple Endocrine Neoplasia Type 2A and 2B; Mycobacterium 
leprae; Mycobacterium spp.; Mycoplasma spp; Myotonic 
Dystrophy Gene; Neisseria gonorrhoeae; N-myc Gene 
Ampli?cation; Omithine Transcarbamylase Gene; p53 
Tumor-Suppressor Gene; Parvovirus B 19; Paternity Test 
ing; Plasmodium spp; Porphobilinogen Deaminase Gene; 
Porphobilinogen Synthase Gene; Post-Transfusion Graft 
Versus Host Disease; Protein C Gene; Pyruvate D hydroge 
nase Gene; Rabies Virus; ras Family of Oncogenes; Respi 
ratory Syncytial Virus; Retinoblastoma Gene; Retinoic Acid 
Receptor Gene; RhD Genotyping; Rotavirus; Rubella Virus; 
Schistosoma spp; Sickle Cell Disease; Thyrotropin Receptor 
Gene; Toxoplasma gondii; Treponema pallidum; Tri 
chomonadidae, Family; Trypanosoma spp; Tumor Metasta 
sis Suppressor Genel—NM23; Uroporphyrinogen III Syn 
thase Gene; Varicella-Zoster Virus; von Willebrand’s 
Disease and Wilms’ Tumor. 

[0046] As Will be appreciated by those in the art, a large 
number of analytes may be detected using the present 
methods; basically, any target analyte for Which a binding 
ligand, described beloW, may be made may be detected using 
the methods of the invention. While many of the techniques 
described beloW exemplify nucleic acids as the target ana 
lyte, those of skill in the art Will recogniZe that other target 
analytes can be detected using the same systems. 

[0047] The present invention is directed to the detection of 
target analytes, preferably using electrodes, in tissue collec 
tion devices. In general, there are tWo basic detection 
mechanisms. In a preferred embodiment, detection of an 
ETM is based on electron transfer through the stacked 
J's-orbitals of double stranded nucleic acid. This basic mecha 
nism is described in US. Pat. Nos. 5,591,578, 5,770,369, 
5,705,348, and PCT US97/20014 and is termed “mecha 
nism-1” herein. Brie?y, previous Work has shoWn that 
electron transfer can proceed rapidly through the stacked 
J's-orbitals of double stranded nucleic acid, and signi?cantly 
more sloWly through single-stranded nucleic acid. Accord 
ingly, this can serve as the basis of an assay. Thus, by adding 
ETMs (either covalently to one of the strands or non 
covalently to the hybridiZation complex through the use of 
hybridiZation indicators, described beloW) to a nucleic acid 
that is attached to a detection electrode via a conductive 
oligomer, electron transfer betWeen the ETM and the elec 
trode, through the nucleic acid and conductive oligomer, 
may be detected. 

[0048] This may be done Where the target analyte is a 
nucleic acid; alternatively, a non-nucleic acid target analyte 
is used, With an optional capture binding ligand (to attach the 
target analyte to the detection electrode) and a soluble 
binding ligand that carries a nucleic acid “tail”, that can then 
bind either directly or indirectly to a detection probe on the 
surface to effect detection. 
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[0049] Alternatively, the ETM can be detected, not nec 
essarily via electron transfer through nucleic acid, but rather 
can be directly detected on the surface of a monolayer. That 
is, the electrons from the ETMs need not travel through the 
stacked at orbitals in order to generate a signal. As above, in 
this embodiment, the detection electrode preferably com 
prises a self-assembled monolayer (SAM) that serves to 
shield the electrode from redox-active species in the sample. 
In this embodiment the presence of ETMs on the surface of 
a SAM, that has been formulated to comprise slight 
“defects” (sometimes referred to herein as “microconduits”, 
“nanoconduits” or “electroconduits”) can be directly 
detected. This basic idea is termed “mechanism-2” herein. 
Essentially, the electroconduits alloW particular ETMs 
access to the surface. Without being bound by theory, it 
should be noted that the con?guration of the electroconduit 
depends in part on the ETM chosen. For example, the use of 
relatively hydrophobic ETMs alloWs the use of hydrophobic 
electroconduit forming species, Which effectively exclude 
hydrophilic or charged ETMs. Similarly, the use of more 
hydrophilic or charged species in the SAM may serve to 
exclude hydrophobic ETMs. 

[0050] It should be noted that these defects are to be 
distinguished from “holes” that alloW direct contact of 
sample components With the detection electrode. As is more 
fully outlined beloW, the electroconduits can be generated in 
several general Ways, including but not limited to the use of 
rough electrode surfaces, such as gold electrodes formulated 
on PC circuit boards; or the inclusion of at least tWo different 
species in the monolayer, ie using a “mixed monolayer”, at 
least one of Which is a electroconduit-forming species 
(EFS). Thus, upon binding of a target analyte, a soluble 
binding ligand comprising an ETM is brought to the surface, 
and detection of the ETM can proceed, putatively through 
the “electroconduits” to the electrode. Essentially, the role of 
the SAM comprising the defects is to alloW contact of the 
ETM With the electronic surface of the electrode, While still 
providing the bene?ts of shielding the electrode from solu 
tion components and reducing the amount of non-speci?c 
binding to the electrodes. VieWed differently, the role of the 
binding ligand is to provide speci?city for a recruitment of 
ETMs to the surface, Where they can be directly detected. 

[0051] In general, the SAMs of the invention can be 
generated in a number of Ways and comprise a number of 
different components, depending on the electrode surface 
and the system used. For “mechanism-1” embodiments, 
preferred embodiments utiliZe tWo monolayer forming spe 
cies: a monolayer forming species (including insulators or 
conductive oligomers) and a conductive oligomer species 
comprising the capture binding ligand, although as Will be 
appreciated by those in the art, additional monolayer form 
ing species can be included as Well. For “mechanism-2” 
systems, the composition of the SAM depends on the 
detection electrode surface. In general, tWo basic “mecha 
nism-2” systems are described; detection electrodes com 
prising “smooth” surfaces, such as gold ball electrodes, and 
those comprising “rough” surfaces, such as those that are 
made using commercial processes on PC circuit boards. In 
general, Without being bound by theory, it appears that 
monolayers made on imperfect surfaces, i.e. “rough” sur 
faces, spontaneously form monolayers containing enough 
electroconduits even in the absence of exogeneous EFS, 
probably due to the fact that the formation of a uniform 
monolayer on a rough surface is dif?cult. “Smoother” sur 
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faces, however, may require the inclusion of suf?cient 
numbers of EFS to generate the electroconduits, as the 
uniform surfaces allow a more uniform monolayer to form. 
Again, Without being bound by theory, the inclusion of 
species that disturb the uniformity of the monolayer, for 
example by including a rigid molecule in a background of 
more ?exible ones, causes electroconduits. Thus “smooth” 
surfaces comprise monolayers comprising three compo 
nents: an insulator species, a EFS, and a species comprising 
the capture ligand, although in some circumstances, for 
example When the capture ligand species is included at high 
density, the capture ligand species can serve as the EFS. 
“Smoothness” in this context is not measured physically but 
rather as a function of an increase in the measured signal 
When EFS are included. That is, the signal from a detection 
electrode coated With monolayer forming species is com 
pared to a signal from a detection electrode coated With 
monolayer forming species including a EFS. An increase 
indicates that the surface is relatively smooth, since the 
inclusion of a EFS served to facilitate the access of the ETM 
to the electrode. It should also be noted that While the 
discussion herein is mainly directed to gold electrodes and 
thiol-containing monolayer forming species, other types of 
electrodes and monolayer-forming species can be used. 

[0052] It should be noted that the “electroconduits” of 
mechanism-2 systems do not result in direct contact of 
sample components With the electrode surface; that is, the 
electroconduits are not large pores or holes that alloW 
physical access to the electrode. Rather, Without being 
bound by theory, it appears that the electroconduits alloW 
certain types of ETMs, particularly hydrophobic ETMs, to 
penetrate suf?ciently into the monolayer to alloW detection. 
HoWever, other types of redox active species, including 
some hydrophilic species, do not penentrate into the mono 
layer, even With electroconduits present. Thus, in general, 
redox active species that may be present in the sample do not 
give substantial signals as a result of the electroconduits. 
While the exact system Will vary With the composition of the 
SAM and the choice of the ETM, in general, the test for a 
suitable SAM to reduce non-speci?c binding that also has 
sufficient electroconduits for ETM detection is to add either 
ferrocene or ferrocyanide to the SAM; the former should 
give a signal and the latter should not. 

[0053] Accordingly, in mechanism-1 systems, the mono 
layer comprises a ?rst species comprising a conductive 
oligomer comprising the capture binding ligand, as is more 
fully outlined beloW, and a second species comprising a 
monolayer forming species, including either or both insula 
tors or conductive oligomers. Mechanism-2 system mono 
layers comprise a ?rst species comprising an attachment 
linker comprising the capture binding ligand, a second 
species comprising an electroconduit-forming species 
(EFS), and an optional third species comprising insulators. 
In addition, for “rough” mechanism-2 systems, tWo compo 
nent systems are desirable: a ?rst species comprising an 
attachment linker comprising the capture binding ligand and 
a second species comprising insulators. 

[0054] The biosensors of the invention preferably com 
prise electrodes. By “electrode” herein is meant a compo 
sition, Which, When connected to an electronic device, is 
able to sense a current or a potential and convert it to a 
signal. Alternatively an electrode can be de?ned as a com 
position Which can apply a potential to and/or pass electrons 
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to or from species in the solution. Thus, an electrode is an 
ETM as described beloW. Preferred electodes are knoWn in 
the art and include, but are not limited to, certain metals and 
their oxides, including gold; platinum; palladium; silicon; 
aluminum; metal oxide electrodes including platinum oxide, 
titanium oxide, tin oxide, indium tin oxide, palladium oxide, 
silicon oxide, aluminum oxide, molybdenum oxide 
(M0206), tungsten oxide (W03) and ruthenium oxides; and 
carbon (including glassy carbon electrodes, graphite and 
carbon paste). Preferred electrodes include gold, silicon, 
platinum, carbon and metal oxide electrodes, With gold 
being particularly preferred. 
[0055] The electrodes described herein are depicted as a 
?at surface, Which is only one of the possible conformations 
of the electrode and is for schematic purposes only. The 
conformation of the electrode Will vary With the detection 
method used. For example, ?at planar electrodes may be 
preferred for optical detection methods, or When arrays of 
nucleic acids are made, thus requiring addressable locations 
for both synthesis and detection. Alternatively, for single 
probe analysis, the electrode may be in the form of a tube, 
With the SAMs bound to the inner surface. Electrode coils or 
mesh may be preferred in some embodiments as Well. This 
alloWs a maximum of surface area containing the target 
analyte to be exposed to a small volume of sample. 

[0056] In a preferred embodiment, the detection electrodes 
are formed on a substrate. In addition, the discussion herein 
is generally directed to the formation of gold electrodes, but 
as Will be appreciated by those in the art, other electrodes 
can be used as Well. The substrate can comprise a Wide van 
ety of materials, as Will be appreciated by those in the art, 
With printed circuit board (PCB) materials being particularly 
preferred. Thus, in general, the suitable substrates include, 
but are not limited to, ?berglass, te?on, ceramics, glass, 
silicon, mica, plastic (including acrylics, polystyrene and 
copolymers of styrene and other materials, polypropylene, 
polyethylene, polybutylene, polycarbonate, polyurethanes, 
Te?onTM, and derivatives thereof, etc.), GETEK (a blend of 
polypropylene oxide and ?berglass), etc. 

[0057] In general, preferred substrate materials include 
printed circuit board materials. Circuit board materials are 
those that comprise an insulating substrate that is coated 
With a conducting layer and processed using lithography 
techniques, particularly photolithography techniques, to 
form the patterns of electrodes and interconnects (sometimes 
referred to in the art as interconnections or leads). The 
insulating substrate is generally, but not alWays, a polymer. 
As is knoWn in the art, one or a plurality of layers may be 
used, to make either “tWo dimensional” (eg all electrodes 
and interconnections in a plane) or “three dimensional” 
(Wherein the electrodes are on one surface and the intercon 
nects may go through the board to the other side) boards. 
Three dimensional systems frequently rely on the use of 
drilling or etching, folloWed by electroplating With a metal 
such as copper, such that the “through board” interconnec 
tions are made. Circuit board materials are often provided 
With a foil already attached to the substrate, such as a copper 
foil, With additional copper added as needed (for example 
for interconnections), for example by electroplating. The 
copper surface may then need to be roughened, for example 
through etching, to alloW attachment of the adhesion layer. 

[0058] Accordingly, in a preferred embodiment, the 
present invention provides biosensors or biochips (some 
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times referred to herein “chips”) that comprise substrates 
comprising a plurality of electrodes, preferably gold elec 
trodes. The number of electrodes is as outined beloW for 
arrays. Each electrode preferably comprises a self-as 
sembled monolayer as outlined herein. In a preferred 
embodiment, one of the monolayer-forming species com 
prises a capture ligand as outlined herein. In addition, each 
electrode has an interconnection, that is attached to the 
electrode at one end and is ultimately attached to a device 
that can control the electrode. That is, each electrode is 
independently addressable. 

[0059] The substrates are generally a component of the 
tissue collection device, and can be included as part of a cap 
or tube, or as part of a reservoir that eXposes a given volume 
of sample to the detection electrode. Generally, the detection 
chamber ranges from about 1 nL to 10 ml. As Will be 
appreciated by those in the art, depending on the experi 
mental conditions and assay, smaller or larger volumes may 
be used. 

[0060] In a preferred embodiment, all or part of the tissue 
collection device is con?gured as a “cartridge” that is placed 
into a device comprising electronic components (an AC/DC 
voltage source, an ammeter, a processor, a read-out display, 
temperature controller, light source, etc.). In this embodi 
ment, the interconnections from each electrode are posi 
tioned such that upon insertion of the cartridge into the 
device, connections betWeen the electrodes and the elec 
tronic components are established. 

[0061] Detection electrodes on circuit board material (or 
other substrates) are generally prepared in a Wide variety of 
Ways. In general, high purity gold is used, and it may be 
deposited on a surface via vacuum deposition processes 
(sputtering and evaporation) or solution deposition (electro 
plating or electroless processes). When electroplating is 
done, the substrate must initially comprise a conductive 
material; ?berglass circuit boards are frequently provided 
With copper foil. Frequently, depending on the substrate, an 
adhesion layer betWeen the substrate and the gold in order to 
insure good mechanical stability is used. Thus, preferred 
embodiments utiliZe a deposition layer of an adhesion metal 
such as chromium, titanium, titanium/tungsten, tantalum, 
nickel or palladium, Which can be deposited as above for the 
gold. When electroplated metal (either the adhesion metal or 
the electrode metal) is used, grain re?ning additives, fre 
quently referred to in the trade as brighteners, can optionally 
be added to alter surface deposition properties. Preferred 
brighteners are miXtures of organic and inorganic species, 
With cobalt and nickel being preferred. 

[0062] In general, the adhesion layer is from about 100 A 
thick to about 25 microns (1000 microinches). The If the 
adhesion metal is electrochemically active, the electrode 
metal must be coated at a thickness that prevents “bleed 
through”; if the adhesion metal is not electrochemically 
active, the electrode metal may be thinner. Generally, the 
electrode metal (preferably gold) is deposited at thicknesses 
ranging from about 500 A to about 5 microns (200 micro 
inches), With from about 30 microinches to about 50 micro 
inches being preferred. In general, the gold is deposited to 
make electrodes ranging in siZe from about 5 microns to 
about 5 mm in diameter, With about 100 to 250 microns 
being preferred. The detection electrodes thus formed are 
then preferably cleaned and SAMs added, as is discussed 
beloW. 
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[0063] Thus, the present invention provides methods of 
making a substrate comprising a plurality of gold electrodes. 
The methods ?rst comprise coating an adhesion metal, such 
as nickel or palladium (optionally With brightener), onto the 
substrate. Electroplating is preferred. The electrode metal, 
preferably gold, is then coated (again, With electroplating 
preferred) onto the adhesion metal. Then the patterns of the 
device, comprising the electrodes and their associated inter 
connections are made using lithographic techniques, par 
ticularly photolithographic techniques as are knoWn in the 
art, and Wet chemical etching. Frequently, a non-conductive 
chemically resistive insulating material such as solder mask 
or plastic is laid doWn using these photolithographic tech 
niques, leaving only the electrodes and a connection point to 
the leads eXposed; the leads themselves are generally coated. 

[0064] The methods continue With the addition of SAMs. 
In a preferred embodiment, drop deposition techniques are 
used to add the required chemistry, i.e. the monolayer 
forming species, one of Which is preferably a capture ligand 
comprising species. Drop deposition techniques are Well 
knoWn for making “spot” arrays. This is done to add a 
different composition to each electrode, i.e. to make an array 
comprising different capture ligands. Alternatively, the SAM 
species may be identical for each electrode, and this may be 
accomplished using a drop deposition technique or the 
immersion of the entire substrate or a surface of the substrate 
into the solution. 

[0065] The present system ?nds particular utility in array 
formats, i.e. Wherein there is a matrix of addressable detec 
tion electrodes (herein generally referred to “pads”, 
“addresses” or “micro-locations”). That is, the biosensors 
can be made in an array format. By “array” herein is meant 
a plurality of micro-locationsi in an array format; the siZe of 
the array Will depend on the composition and end use of the 
array. Arrays containing from about 2 different capture 
ligands to many thousands can be made. Generally, the array 
Will comprise from tWo to as many as 100,000 or more, 
depending on the siZe of the electrodes, as Well as the end 
use of the array. Preferred ranges are from about 2 to about 
10,000, With from about 5 to about 1000 being preferred, 
and from about 10 to about 100 being particularly preferred. 
In some embodiments, the compositions of the invention 
may not be in array format; that is, for some embodiments, 
compositions comprising a single capture ligand may be 
made as Well. In addition, in some arrays, multiple substrates 
may be used, either of different or identical compositions. 
Thus for eXample, large arrays may comprise a plurality of 
smaller substrates, or different substrates may be positioned 
in different locations Within the tissue collection device. 

[0066] Thus, in a preferred embodiment, the tissue col 
lection devices of the invention comprise electrodes. 

[0067] In a preferred embodiment, the electrodes of the 
biosensors comprise a self-assembled monolayer By 
“monolayer” or “self-assembled monolayer” or “SAM” 
herein is meant a relatively ordered assembly of molecules 
spontaneously chemisorbed on a surface, in Which the 
molecules have a preferred orientation relative to each other 
(e.g. are oriented approximately parallel to each other) and 
a preferred orientation relative to the surface (e.g. roughly 
perpendicular to it). Each of the molecules includes a 
functional group that adheres to the surface, and a portion 
that interacts With neighboring molecules in the monolayer 
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to form the relatively ordered array. A “mixed” monolayer 
comprises a heterogeneous monolayer, that is, Where at least 
tWo different molecules make up the monolayer. The SAM 
may comprise a variety of species including, but not limited 
to, EFS such as conductive oligomers, insulators, attachment 
linkers, etc. (collectively “surface species” or “monolayer 
forming species”). In general, all of the attachment chem 
istries outlined herein can be used for any surface species, 
even if speci?cally depicted for conductive oligomers or 
other species. As outlined herein, the ef?ciency of target 
analyte binding (for example, oligonucleotide hybridization) 
may increase When the analyte is at a distance from the 
electrode. Similarly, non-speci?c binding of biomolecules, 
including the target analytes, to an electrode 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 
extraneous electroactive species aWay from the surface of 
the electrode. Thus, this layer helps to prevent electrical 
contact betWeen the electrodes and the ETMs, or betWeen 
the electrode and extraneous electroactive 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, in one embodiment, the 
monolayer is preferably tightly packed in a uniform layer on 
the electrode surface, such that a minimum of “holes” exist. 
In this embodiment, the monolayer thus serves as a physical 
barrier to block solvent accesibility to the electrode. 

[0068] In a preferred embodiment, the monolayer com 
prises electroconduit-forming species. By “electroconduit 
forming species” or “EFS” herein is meant a molecule that 
is capable of generating sufficient electroconduits in a mono 
layer, generally of insulators such as alkyl groups, to alloW 
detection of ETMs at the surface. In general, EFS have one 
or more of the folloWing qualities: they may be relatively 
rigid molecules, for example as compared to an alkyl chain; 
they may attach to the electrode surface With a geometry 
different from the other monolayer forming species (for 
example, alkyl chains attached to gold surfaces With thiol 
groups are thought to attach at roughly 45° angles, and 
phenyl-acetylene chains attached to gold via thiols are 
thought to go doWn at 90° angles); they may have a structure 
that sterically interferes or interrupts the formation of a 
tightly packed monolayer, for example through the inclusion 
of branching groups such as alkyl groups, or the inclusion of 
highly ?exible species, such as polyethylene glycol units; or 
they may be capable of being activated to form electrocon 
duits; for example, photoactivauble species that can be 
selectively removed from the surface upon photoactivation, 
leaving electroconduits, as is generally described in US. 
Ser. No. 60/145,912, hereby expressly incorporated herein 
by reference in its entirety. 

[0069] Preferred EFS include conductive oligomers, as 
de?ned beloW, and phenyl-acetylene-polyethylene glycol 
species. HoWever, in some embodiments, the EFS is not a 
conductive oligomer. 

[0070] In a preferred embodiment, the EFS comprise 
conductive oligomers. By “conductive oligomer” herein is 
meant a substantially conducting oligomer, preferably linear, 
some embodiments of Which are referred to in the literature 
as “molecular Wires”. By “substantially conducting” herein 
is meant that the oligomer is capable of transfering electrons 
at 100 HZ. Generally, the conductive oligomer has substan 
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tially overlapping J's-orbitals, i.e. conjugated J's-orbitals, as 
betWeen the monomeric units of the conductive oligomer, 
although the conductive oligomer may also contain one or 
more sigma (0) bonds. Additionally, a conductive oligomer 
may be de?ned functionally by its ability to inject or receive 
electrons into or from an associated ETM. Furthermore, the 
conductive oligomer is more conductive than the insulators 
as de?ned herein. Additionally, the conductive oligomers of 
the invention are to be distinguished from electroactive 
polymers, that themselves may donate or accept electrons. 

[0071] In a preferred embodiment, the conductive oligo 
mers have a conductivity, S, of from betWeen about 10'6 to 
about 104 Q_1cm_1, With from about 10-5 to about 103 
Q_1cm_1 being preferred, With these S values being calcu 

lated for molecules ranging from about 20 A to about 200 As described beloW, insulators have a conductivity S of 

about 10'7 Q_1cm_1 or loWer, With less than about 103 
Q_1cm_1 being preferred. See generally Gardner et al., 
Sensors and Actuators A 51 (1995) 57-66, incorporated 
herein by reference. 

[0072] Desired characteristics of a conductive oligomer 
include high conductivity, sufficient solubility in organic 
solvents and/or Water for synthesis and use of the compo 
sitions of the invention, and preferably chemical resistance 
to reactions that occur i) during binding ligand synthesis (i.e. 
nucleic acid synthesis, such that nucleosides containing the 
conductive oligomers may be added to a nucleic acid 
synthesiZer during the synthesis of the compositions of the 
invention, ii) during the attachment of the conductive oli 
gomer to an electrode, or iii) during binding assays. In 
addition, conductive oligomers that Will promote the forma 
tion of self-assembled monolayers are preferred. 

[0073] The oligomers of the invention comprise at least 
tWo monomeric subunits, as described herein. As is 
described more fully beloW, oligomers include homo- and 
hetero-oligomers, and include polymers. 

[0074] In a preferred embodiment, the conductive oligo 
mer has the structure depicted in Structure 1: 

Structure 1 

[0075] As Will be understood by those in the art, all of the 
structures depicted herein may have additional atoms or 
structures; ie the conductive oligomer of Structure 1 may 
be attached to ETMs, such as electrodes, transition metal 
complexes, organic ETMs, and metallocenes, and to binding 
ligands such as nucleic acids, or to several of these. Unless 
otherWise noted, the conductive oligomers depicted herein 
Will be attached at the left side to an electrode; that is, as 
depicted in Structure 1, the left “Y” is connected to the 
electrode as described herein. If the conductive oligomer is 
to be attached to a binding ligand, the right “Y”, if present, 
is attached to the binding ligand such as a nucleic acid, either 
directly or through the us of a linker, as is described herein. 

[0076] In this embodiment, Y is an aromatic group, n is an 
integer from 1 to 50, g is either 1 or Zero, e is an integer from 
Zero to 10, and m is Zero or 1. When g is 1, B-D is a bond 
able to conjugate With neighboring bonds (herein referred to 
as a Aconjugated bond@), preferably selected from acety 


































































