
DEAZAPURINES USEFUL AS INHIBITORS OF JANUS KINASES
TECHNICAL FIELD OF THE INVENTION [0100] The present
invention relates to compounds useful as inhibitors of
Janus kinases (JAK). The invention also provides
pharmaceutically acceptable compositions comprising
the compounds of the invention and methods of using
the compositions in the treatment of various
disorders. BACKGROUND OF THE INVENTION [0101] The
Janus kinases (JAK) are a family of tyrosine kinases
consisting of JAKl, JAK2, JAK3 and TYK2. The JAKs play
a critical role in cytokine signaling. The downstream
substrates of the JAK family of kinases include the
signal transducer and activator of transcription
(STAT) proteins. JAK/STAT signaling has been
implicated in the mediation of many abnormal immune
responses such as allergies, asthma, autoimmune
diseases such as transplant rejection, rheumatoid
arthritis, amyotrophic lateral sclerosis and multiple
sclerosis as well as in solid and hematologic
malignancies such as leukemias and lymphomas. JAK2 has
also been implicated in myeloproliferative disorders,
which include polycythemia vera, essential
thrombocythemia, chronic idiopathic myelofibrosis,
myeloid metaplasia with myelofibrosis, chronic myeloid
leukemia, chronic myelomonocytic leukemia, chronic
eosinophilic leukemia, hypereosinophilic syndrome and
systematic mast cell disease. Accordingly, it would be
desirable to develop compounds that are useful as
inhibitors of JAK family kinases.SUMMARY OF THE
INVENTION [0102 ] It has been found that compounds of
this invention, and pharmaceutically acceptable
compositions thereof, are effective as inhibitors of
protein kinases, particularly the JAK family kinases.
These compounds have the general formula I : or a
pharmaceutically acceptable salt thereof, wherein R1,
R2 and Q are as defined below. [0103] These compounds,
and pharmaceutically acceptable compositions thereof,
are useful for treating or lessening the severity of a
variety of disorders, including proliferative
disorders, cardiac disorders, neurodegenerative
disorders, autoimmune disorders, conditions associated
with organ transplantation, inflammatory disorders, or
immunologically mediated disorders in a patient.
[0104] The compounds and compositions provided by this
invention are also useful for the study of kinases in
biological and pathological phenomena; the study of
intracellular signal transduction pathways mediated by
such kinases; and the comparative evaluation of new
kinase inhibitors. BRIEF DESCRIPTION OF THE FIGURES
[0105 ] Figure 1 is a scheme showing the synthesis of
compound 1005 from compound 1001. [0106] Figure 2 is a
scheme showing the synthesis of a compound of formula
VIII from a compound of formula IV. [0107 ] Figure 3
is a scheme showing the synthesis of compound 18 from
compound 1011. [0108 ] Figure 4 is a scheme showing
the syntheses of compound 10 and compounds having
formulae IX and X from compound 1015. [0109 ] Figure 5
is a scheme showing the syntheses of compounds 33 and
20 from cyanuric chloride and
4-cyano-2,6-dichloropyridine, respectively. [0110 ]
Figure 6 is a scheme showing the synthesis of a
compound of formula XI from compound 1025.[ O11 ]'
Figure 7 is a scheme showing the syntheses of
compounds 29 and 30 from 2,6-dibromopyridine. [0112 ]
Figure 8 is a scheme showing the synthesis of compound
108 from 5-nitro- 2,4-dichloropyrimidine. [0113 ]
Figure 9 is a scheme showing the synthesis of compound
110 from 5- bromo-2,4-dichloropyrimidine. DETAILED
DESCRIPTION OF THE INVENTION Definitions and General
Terminology [0114 ] As used herein, the following
definitions shall apply unless otherwise indicated.
For purposes of this invention, the chemical elements
are identified in accordance 



with the Periodic Table of the Elements, CAS version,
and the Handbook of Chemistry and Physics, 75th Ed.
1994. Additionally, general principles of organic
chemistry are described in "Organic Chemistry", Thomas
Sorrell, University Science Books, Sausalito: 1999,
and "March's Advanced Organic Chemistry", 5th Ed.,
Smith, M.B. and March, J., eds. John Wiley & Sons, New
York: 2001, the entire contents of which are hereby
incorporated by reference. [0115] As described herein,
compounds of the invention may optionally be
substituted with one or more substituents, such as are
illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the
invention. It will be appreciated that the phrase
"optionally substituted" is used interchangeably with
the phrase "substituted or unsubstituted." In general,
the term "substituted", whether preceded by the term
"optionally" or not, refers to the replacement of one
or more hydrogen radicals in a given structure with
the radical of a specified substituent. Unless
otherwise indicated, an optionally substituted group
may have a substituent at each substitutable position
of the group. When more than one position in a given
structure can be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
each position. [0116] As described herein, when the
term "optionally substituted" precedes a list, said
term refers to all of the subsequent substitutable
groups in that list. If a substituent radical or
structure is not identified or defined as "optionally
substituted", the substituent radical or structure is
unsubstituted. For example, if X is halogen;
optionally substituted C1- 3alkyl or phenyl; X may be
either optionally substituted alkyl or optionally
substituted phenyl. Likewise, if the term "optionally
substituted" follows a list, said term also refers to
all of the substitutable groups in the prior list
unless otherwise indicated. For example: if X
ishalogen, C1-3alkyl or phenyl wherein X is optionally
substituted by Jx , then both C1-3alkyl and phenyl may
be optionally substituted by Jx . As is apparent to
one having ordinary skill in the art, groups such as
H, halogen, NO2, CN, NH2, OH, or OCF3 would not be
included because they are not substitutable groups.
[0117 ] Combinations of substituents envisioned by
this invention are preferably those that result in the
formation of stable or chemically feasible compounds.
The term "stable", as used herein, refers to compounds
that are not substantially altered when subjected to
conditions to allow for their production, detection,
and, preferably, their recovery, purification, and use
for one or more of the purposes disclosed herein. In
some embodiments, a stable compound or chemically
feasible compound is one that is not substantially
altered when kept at a temperature of 400C or less, in
the absence of moisture or other chemically reactive
conditions, for at least a week. [0118 ] The term
"aliphatic" or "aliphatic group", as used herein,
means a straightchain (i.e., unbranched) or branched,
substituted or unsubstituted hydrocarbon chain that is
completely saturated or that contains one or more
units of unsaturation. Unless otherwise specified,
aliphatic groups contain 1-20 aliphatic carbon atoms.
In some embodiments, aliphatic groups contain 1-10
aliphatic carbon atoms. In other embodiments,
aliphatic groups contain 1-8 aliphatic carbon atoms.
In still other embodiments, aliphatic groups contain
1-6 aliphatic carbon atoms, and In yet other
embodiments, aliphatic groups contain 1-4 aliphatic
carbon atoms. Suitable aliphatic groups include, but
are not limited to, linear or branched, substituted or
unsubstituted alkyl, alkenyl, or alkynyl groups.
Further examples of aliphatic groups include methyl,
ethyl, propyl, butyl, isopropyl, isobutyl, vinyl, and
sec-butyl. [0119 ] The term "cycloaliphatic" (or
"carbocycle") refers to a monocyclic C3-C8 hydrocarbon
or bicyclic C8-C1 hydrocarbon that is completely
saturated or that contains one or more units of
unsaturation, but which is not aromatic, that has a
single point of attachment to the rest of the
molecule, and wherein any individual ring in said
bicyclic ring system has 3- 7 members. Suitable
cycloaliphatic groups include, but are not limited to,
cycloalkyl, cycloalkenyl, and cycloalkynyl. Further
examples of aliphatic groups include cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl,
and cycloheptenyl. [0120] The term "heterocycle",
"heterocyclyl", "heterocycloaliphatic", or
"heterocyclic" as used herein refers to a monocyclic,
bicyclic, or tricyclic ring system in which one or
more ring members are an independently selected
heteroatom and that is completely saturated or that
contains one or more units of unsaturation, but which
is not 



aromatic, that has a single point of attachment to the
rest of the molecule. In someembodiments, the
het'erocycle", "heterocyclyl", "heterocycloaliphatic",
or "heterocyclic" group has three to fourteen ring
members in which one or more ring members is a
heteroatom independently selected from oxygen, sulfur,
nitrogen, or phosphorus, and each ring in the system
contains 3 to 7 ring members. [0121] Examples of
heterocyclic rings include, but are not limited to,
the following monocycles: 2-tetrahydrofuranyl,
3-tetrahydrofuranyl, 2-tetrahydrothiophenyl,
3-tetrahydrothiophenyl, 2-morpholino, 3-morpholino,
4-morpholino, 2-thiomorpholino, 3- thiomorpholino,
4-thiomorpholino, 1-pyrrolidinyl, 2-pyrrolidinyl,
3-pyrrolidinyl, 1-tetrahydropiperazinyl,
2-tetrahydropiperazinyl, 3-tetrahydropiperazinyl,
1-piperidinyl, 2- piperidinyl, 3-piperidinyl,
1-pyrazolinyl, 3-pyrazolinyl, 4-pyrazolinyl,
5-pyrazolinyl, 1- piperidinyl, 2-piperidinyl,
3-piperidinyl, 4-piperidinyl, 2-thiazolidinyl,
3-thiazolidinyl, 4-thiazolidinyl, 1-imidazolidinyl,
2-imidazolidinyl, 4-imidazolidinyl, 5-imidazolidinyl;
and the following bicycles: 3-lH-benzimidazol-2-one,
3-(l-alkyl)-benzimidazol-2-one, indolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl,
benzothiolane, benzodithiane, and 1,3-dihydroimidazol-
2-one. [0122 ] The term "heteroatom" means one or more
of oxygen, sulfur, nitrogen, phosphorus, or silicon,
including any oxidized form of nitrogen, sulfur,
phosphorus, or silicon, the quaternized form of any
basic nitrogen, or a substitutable nitrogen of a
heterocyclic ring, for example N (as in
3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or
NR+ (as in N-substituted pyrrolidinyl). [0123 ] The
term "unsaturated", as used herein, means that a
moiety has one or more units of unsaturation. [0124 ]
The term "alkoxy", or "thioalkyl", as used herein,
refers to an alkyl group, as previously defined,
attached to the principal carbon chain through an
oxygen ("alkoxy") or sulfur ("thioalkyl") atom. [0125]
The terms "haloalkyl", "haloalkenyl" and "haloalkoxy"
means alkyl, alkenyl or alkoxy, as the case may be,
substituted with one or more halogen atoms. The term
"halogen" means F, Cl, Br, or I . [0126] The term
"aryl" used alone or as part of a larger moiety as in
"aralkyl", "aralkoxy", or "aryloxyalkyl", refers to
monocyclic, bicyclic, and tricyclic carbocyclic ring
systems having a total of six to fourteen ring
members, wherein at least one ring in the system is
aromatic, wherein each ring in the system contains 3
to 7 ring members and that has a single point of
attachment to the rest of the molecule. The term
"aryl" may be usedinterchangeably with the term "aryl
ring". Examples of aryl rings would include phenyl,
naphthyl, and anthracene. [0127] The term
"heteroaryl", used alone or as part of a larger moiety
as in "heteroaralkyl" or "heteroarylalkoxy", refers to
monocyclic, bicyclic, and tricyclic ring systems
having a total of five to fourteen ring members,
wherein at least one ring in the system is aromatic,
at least one ring in the system contains one or more
heteroatoms, wherein each ring in the system contains
3 to 7 ring members and that has a single point of
attachment to the rest of the molecule. The term
"heteroaryl" may be used interchangeably with the term
"heteroaryl ring" or the term "heteroaromatic". [0128]
Examples of heteroaryl rings include, but are not
limited to, the following monocycles: 2-furanyl,
3-furanyl, N-imidazolyl, 2-imidazolyl, 4-imidazolyl,
5-imidazolyl, 3- isoxazolyl, 4-isoxazolyl,
5-isoxazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl,
N-pyrrolyl, 2- pyrrolyl, 3-pyrrolyl, 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl,
5-pyrimidinyl, pyridazinyl (e.g., 3-pyridazinyl),
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, tetrazolyl
(e.g., 5-tetrazolyl), triazolyl (e.g., 2-triazolyl and
5-triazolyl), 2-thienyl, 3-thienyl, pyrazolyl (e.g.,
2-pyrazolyl), isothiazolyl, 1,2,3-oxadiazolyl,
1,2,5-oxadiazolyl, 1,2,4- oxadiazolyl,
1,2,3-triazolyl, 1,2,3-thiadiazolyl,
1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, pyrazinyl,
1,3,5-triazinyl, and the following bicycles:
benzimidazolyl, benzofuryl, benzothiophenyl, indolyl
(e.g., 2-indolyl), purinyl, quinolinyl (e.g.,
2-quinolinyl, 3-quinolinyl, 4-quinolinyl), and
isoquinolinyl (e.g., 1-isoquinolinyl, 3-isoquinolinyl,
or 4- isoquinolinyl). [ 0129 ] In some embodiments, an
aryl (including aralkyl, aralkoxy, aryloxyalkyl and
the like) or heteroaryl (including heteroaralkyl and
heteroarylalkoxy and the like) group 



may contain one or more substituents. Suitable
substituents on the unsaturated carbon atom of an aryl
or heteroaryl group are selected from those listed in
the definition of JQ, JR, Jv , Ju and Jx below. Other
suitable substituents include: halogen; -R; -OR; -SR;
1,2- methylenedioxy; 1,2-ethylenedioxy; phenyl (Ph)
optionally substituted with R0; -O(Ph) optionally
substituted with R0; -(CH2)1-2(Ph), optionally
substituted with R0; -CH=CH(Ph), optionally
substituted with R0; -NO2; -CN; -N(R)2; -NR0C(O)R0;
-NR0C(S)R0; - NRC(O)N(R) 2; -NRC(S)N(R)2; -NR0C(O)OR0;
-NR0NR0C(O)R0; -NRONRC(O)N(RO)2; -NR0NR0C(O)OR0;
-C(O)C(O)R0; -C(O)CH2C(O)R0; -C(O)OR0; -C(O)R0;
-C(S)R0; - C(0)N(R) 2; -C(S)N(R)2; -0C(0)N(R) 2;
-OC(O)R0; -C(O)N(OR0) R; -C(=N0R) R0; -S(O)2R0;
-S(O)3R0; -S(O)2N(R)2; -S(O)R; -NRS(O)2N(R)2;
-NR0S(O)2R0; -N(0R)R; -C(=NH)-N(R)2; or
-(CH2)0-2NHC(O)R; wherein each independent occurrence
of R isselected from hydrogen, optionally substituted
C1-6 aliphatic, an unsubstituted 5-6 membered
heteroaryl or heterocyclic ring, phenyl, -O(Ph), or
-CH2(Ph), or, two independent occurrences of R, on the
same substituent or different substituents, taken
together with the atom(s) to which each R group is
bound, form a 5-8-membered heterocyclyl, aryl, or
heteroaryl ring or a 3-8-membered cycloalkyl ring,
wherein said heteroaryl or heterocyclyl ring has 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. Optional substituents on the
aliphatic group of R are selected from NH2,
NH(C1-4aliphatic), N(C1-4alirhatic)2, halogen,
C1-4aliphatic, OH, O(C1-4alirhatic), NO2, CN, C(O)OH,
C(O)O(C1-4aliphatic), O(haloC1-4 aliphatic), or
haloC^aliphatic, wherein each of the foregoing
C1-4aliphatic groups of R is unsubstituted. [0130] In
some embodiments, an aliphatic or heteroaliphatic
group, or a nonaromatic heterocyclic ring may contain
one or more substituents. Suitable substituents on the
saturated carbon of an aliphatic or heteroaliphatic
group, or of a non-aromatic heterocyclic ring are
selected from those listed above for the unsaturated
carbon of an aryl or heteroaryl group and additionally
include the following: =0, =S, =NNHR*, =NN(R*)2,
=NNHC(O)R*, =NNHC(O)O(alkyl), =NNHS(0) 2 (alkyl), or
=NR*, where each R* is independently selected from
hydrogen or an optionally substituted C1-6 aliphatic.
Optional substituents on the aliphatic group of R* are
selected from NH2, NH(C1-4 aliphatic), N(C1-4
aliphatic)2, halogen, C1-4 aliphatic, OH, 0(C 1-4
aliphatic), NO2, CN, C(O)OH, C(O)O(C 1-4 aliphatic),
O(halo C1-4 aliphatic), or halo(C1-4 aliphatic),
wherein each of the foregoing C1-4aliphatic groups of
R* is unsubstituted. [0131] In some embodiments,
optional substituents on the nitrogen of a nonaromatic
heterocyclic ring include -R+, -N(R+)2, -C(O)R+,
-C(O)OR+, -C(O)C(O)R+, - C(O)CH2C(O)R+, -S(O)2R+,
-S(O)2N(R+)2, -C(=S)N(R+)2, -C(=NH)-N(R+)2, Or
-NR+S(O)2R+; wherein R+ is hydrogen, an optionally
substituted C1-6 aliphatic, optionally substituted
phenyl, optionally substituted -O(Ph), optionally
substituted -CH2(Ph), optionally substituted
-(CH2)1-2(Ph); optionally substituted -CH=CH(Ph); or
an unsubstituted 5-6 membered heteroaryl or
heterocyclic ring having one to four heteroatoms
independently selected from oxygen, nitrogen, or
sulfur, or, two independent occurrences of R+, on the
same substituent or different substituents, taken
together with the atom(s) to which each R+ group is
bound, form a 5-8-membered heterocyclyl, aryl, or
heteroaryl ring or a 3-8-membered cycloalkyl ring,
wherein said heteroaryl or heterocyclyl ring has 1-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. Optional substituents on the
aliphatic group or the phenyl ring of R+ are selected
from NH2, NH(C1-4 aliphatic), N(C1-4 aliphatic)2,
halogen, C1-4 aliphatic, OH,0(C 1-4 aliphatic), 'NO2,
CN, C(O)OH, C(O)O(C1-4 aliphatic), O(halo C1-4
aliphatic), or halo(C1-4 aliphatic), wherein each of
the foregoing C1- aliphatic groups of R+ is
unsubstituted. [ 0132 ] As detailed above, in some
embodiments, two independent occurrences of R0 (or R+,
or any other variable similarly defined herein), may
be taken together with the atom(s) to which each
variable is bound to form a 5-8-membered heterocyclyl,
aryl, or heteroaryl ring or a 3-8-membered cycloalkyl
ring. Exemplary rings that are formed when two
independent occurrences of R0 (or R+, or any other
variable similarly defined herein) are taken together
with the atom(s) to which each variable is bound
include, but are not limited to the following: a) two
independent occurrences of R0 (or R+, or any other
variable similarly defined herein) that are bound to
the same atom and are taken together with that atom to
form a ring, for example, N(R)2, where both
occurrences of R0 are taken together with the nitrogen
atom to form a piperidin-1-yl, piperazin-1-yl, or
morpholin-4-yl group; and b) two 



independent occurrences of R (or R+, or any other
variable similarly defined herein) that are bound to
different atoms and are taken together with both of
those atoms to form a ring, for example where a phenyl
group is substituted with two occurrences of OR0 these
two occurrences of R0 are taken together with the
oxygen atoms to which they are bound to form a fused
6-membered oxygen containing ring: It will be
appreciated that a variety of other rings can be
formed when two independent occurrences of R0 (or R+,
or any other variable similarly defined herein) are
taken together with the atom(s) to which each variable
is bound and that the examples detailed above are not
intended to be limiting. [ 0133 ] In some embodiments,
an alkyl or aliphatic chain can be optionally
interrupted with another atom or group. This means
that a methylene unit of the alkyl or aliphatic chain
is optionally replaced with said other atom or group.
Examples of such atoms or groups would include, but
are not limited to, -NR-, -O-, -S-, -C(O)O-, -OC(O)-,
-C(O)C(O)-, -C(O)-, -C(O)NR-, -C(=N-CN), -NRC(O)-,
-NRC(O)O-, -S(O)2NR-, -NRS(O)2-, -NRC(O)NR-,
-OC(O)NR-, -NRS(O)2NR-, -S(O)-, or -S(O)2-, wherein R
is defined herein. Unless otherwise specified, the
optional replacements form a chemically stable
compound. Optional interruptions can occur both within
the chain and at either end of the chain; i.e. both at
the point of attachment and/or also at the terminal
end. Two optional replacements can also be adjacent to
each other within a chain so long as it results in
achemically stable compound. Unless otherwise
specified, if the replacement or interruption occurs
at the terminal end, the replacement atom is bound to
an H on the terminal end. For example, if -CH2CH2CH3
were optionally interrupted with -O-, the resulting
compound could be -OCH2CH3, -CH2OCH3, or -CH2CH2OH. [
0134 ] As described herein, a bond drawn from a
substituent to the center of one ring within a
multiple-ring system (as shown below), represents
substitution of the substituent at any substitutable
position in any of the rings within the multiple ring
system. For example, Figure a represents possible
substitution in any of the positions shown in Figure
b. Figure a Figure b [0135] This also applies to
multiple ring systems fused to optional ring systems
(which would be represented by dotted lines). For
example, in Figure c, X is an optional substituent
both for ring A and ring B. Figure c [0136] If,
however, two rings in a multiple ring system each have
different substituents drawn from the center of each
ring, then, unless otherwise specified, each
substituent only represents substitution on the ring
to which it is attached. For example, in Figure d, Y
is an optionally substituent for ring A only, and X is
an optional substituent for ring B only. Figure d
[0137 ] Unless otherwise stated, structures depicted
herein are also meant to include all isomeric (e.g.,
enantiomeric, diastereomeric, and geometric (or
conformational)) forms of the structure; for example,
the R and S configurations for each asymmetric center,
(Z) and (E) double bond isomers, and (Z) and (E)
conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational)
mixtures of the present compounds are within the scope
of the invention. [0138] Unless otherwise stated, all
tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally,
unless otherwise stated,structures depicted herein are
also meant to include compounds that differ only in
the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon
by a 13C- or 14C-enriched carbon are within the scope
of this invention. Such compounds are useful, for
example, as analytical tools or probes in biological
assays. Description of Compounds of the Invention
[0139] The present invention features a compound of
formula I : or a pharmaceutically acceptable salt
thereof wherein R1 is -(C1-2 aliphatic)p-R4 wherein R1
is optionally substituted with 1-3 occurrences of J; 



R is -(C1-2 aliphatic)d-R wherein R is optionally
substituted with 1-3 occurrences of J; R4 is H,
halogen, CN, NH2, NO2, CF3, C1-3 aliphatic,
cyclopropyl, NCH3, OCH3, -C(=0)NH 2, -C(=O)CH3,
-NHC(=O)CH3, or OH; R5 is H, halogen, CN, NH2, NO2,
CF3, C1-3 aliphatic, cyclopropyl, NCH3, OCH3, -C(=0)NH
2, -C(=O)CH3, -NHC(=0)CH 3, or OH; J is halogen, OCH3,
OH, NO2, NH2, SCH3, NCH3, CN or unsubstituted
C1-2aliphatic, or two J groups, together with the
carbon to which they are attached, form a cyclopropyl
ring or C=O; p and d are each independently Oor 1; Q
is a 5-8 membered aromatic monocyclic ring having 0-3
heteroatoms selected from nitrogen, oxygen, or sulfur,
or an 8-12 membered aromatic bicyclic ring having 0-6
heteroatoms selected from nitrogen, oxygen, or sulfur;
wherein Q is optionally substituted with 1-10
occurrences of JQ; JQ is halogen, OCF3, -(Vm)-R",
-(VJ-CN, -(Vm)-NO2 or -(Vm -(C1-4 haloaliphatic), or
two JQ groups, taken together with the atoms to which
they are attached, form a 3-8 membered saturated,
partially saturated, or unsaturated ring with 0-3
heteroatomsselected "from O, N, or S, wherein said
ring is optionally substituted with 0-4 occurrences of
J ; V is a C1-10 aliphatic, wherein up to three
methylene units are replaced by Gv , wherein Gv is
selected from -NH-, -NR-, -O-, -S-, -C(O)O-, -OC(O)-,
-C(O)C(O)-, -C(O)-, -C(O)NH-, -C(O)NR-, -C(=N-CN),
-NHC(O)-, -NRC(O)-, -NHC(O)O-, -NRC(O)O-, -S(O)2NH-,
-S(O)2NR-, -NHS(O)2-, -NRS(O)2-, -NHC(O)NH-,
-NRC(O)NH-, -NHC(O)NR-, -NRC(O)NR, -OC(O)NH-,
-OC(O)NR-, -NHS(O)2NH-, -NRS(O)2NH-, -NHS(O)2NR-,
-NRS(O)2NR-, -S(O)-, or -S(O)2-; and wherein V is
optionally substituted with 1-6 occurrences of Jv ; R"
is H or an optionally substituted group selected from
C1-6 aliphatic, C3-10 cycloaliphatic, C6-10 aryl, 5-10
membered heteroaryl, or 5-10 membered heterocyclyl; or
two R" groups, or an R" group and an R group, on the
same substituent or different substituents, together
with the atom(s) to which they are attached, form an
optionally substituted 3-8 membered heterocyclyl;
wherein each optionally substituted R" group is
independently and optionally substituted with 1-6
occurrences of JR; R is an optionally substituted
group selected from C1-6 aliphatic, C3-10
cycloaliphatic, C6-10 aryl, 5-10 membered heteroaryl,
or 5-10 membered heterocyclyl; or two R groups, on the
same substituent or different substituents, together
with the atom(s) to which each R group is bound, form
an optionally substituted 3-8 membered heterocyclyl;
wherein V each R group is independently and optionally
substituted with 1-4 occurrences of J ; each Jv , Ju ,
Jx , and JR are each independently selected from
halogen, L, -(Ln)-R', -(Ln)- N(R )2, -(Ln)-SR',
-(Ln)-OR', -(Ln)-(C3-10 cycloaliphatic), -(Ln)-(C6-10
aryl), -(Ln)-(5- 10 membered heteroaryl), -(Ln)-(5-10
membered heterocyclyl), oxo, C1-4haloalkoxy,
C1-4haloalkyl, -(Ln)-NO2, -(Ln)-CN, -(Ln)-OH,
-(Ln)-CF3, -C(O)OR', -C(O)OH, -C(O)R', -C(O)H,
-OC(O)R', or -NC(O)R'; or any two Jv , Ju , Jx , or JR
groups, on the same substituent or different
substituents, together with the atom(s) to which each
Jv , Ju , Jx , and JR group is bound, form a 5-7
membered saturated, unsaturated, or partially
saturated ring; R' is H or C1-6 aliphatic; or two R'
groups, or an R' group and an R group, together with
the atom to which they are attached, optionally form a
3-6 membered cycloaliphatic or heterocyclyl, wherein
said aliphatic, cycloaliphatic or heterocyclyl is
optionally substituted with R*, -OR*, -SR*, -NO2,
-CF3, -CN, -C(O)OR*, -C(O)R*, OC(O)R*, or NHC(O)R*,
wherein R* is H or an unsubstituted C1-6 aliphatic;L
is a C1-6 aliphatic wherein up to three methylene
units are replaced by -NH-, -NR6-, -O-, -S-, -C(O)O-,
-OC(O)-, -C(O)C(O)-, -C(O)-, -C(O)NH-, -C(O)NR6-,
-C(=N-CN), -NHC(O)-, -NR6C(O)-, -NHC(O)O-, -NR6C(O)O-,
-S(O)2NH-, -S(O)2NR6-, -NHS(O)2-, -NR6S(O)2-,
-NHC(O)NH-, -NR6C(O)NH-, -NHC(O)NR6-, -NR6C(O)NR6,
-OC(O)NH-, -OC(O)NR6-, -NHS(O)2NH-, -NR6S(O)2NH-,
-NHS(O)2NR6-, -NR6S(O)2NR6-, -S(O)-, or -S(O)2-; R6 is
selected from C1-6 aliphatic, C3-1O cycloaliphatic,
C6-1O aryl, 5-10 membered heteroaryl, 



or 5-10 membered heterocyclyl; or two R6 groups, on
the same substituent or different substituents,
together with the atom(s) to which each R6 group is
bound, form a 3-8 membered heterocyclyl; each of m and
n is, independently, Oor 1; provided that when R2 is
Cl, NH2, or NCH3, then Q is not optionally substituted
phenyl; and when R1 and R2 are H, then Q is not [0140]
In one embodiment, when R1 is C(=O)Et, then Q is not
4-0Me phenyl. [0141] In another embodiment, Q is a
5-10 membered heteroaryl ring optionally substituted
with 1-5 JQ groups. In a further embodiment, Q is a
5-6 membered heteroaryl ring optionally substituted
with 1-3 JQ groups. In yet a further embodiment, Q is
a 6-membered heteroaryl ring selected from pyridyl,
pyrimidyl, pyrazinyl, triazinyl or pyridazinyl
optionally substituted with 1-3 JQ groups. [0142 ] In
another embodiment, the invention features a compound
having formula II-a: [0143 ] wherein each of R1, R2,
and JQ is as defined for formula I; each of Z1 and Z2
is, independently, CH or N, wherein at least one of Z1
or Z2 is N; and Z3 is C-JQ or N. In one embodiment,
each of Z1 and Z2 is N. In a further embodiment, each
of Z1 and Z2 is Nand'Z3 is C-J Q. In another
embodiment, each of Z1, Z2, and Z3 is N. In another
embodiment, Z1 is N, and each of Z2 and Z3 is CH. In
yet another embodiment, each of Z1 and Z3 is N and Z2
is CH. [ 0144 ] The present invention also provides a
compound of formula I or formula II-a wherein JQ is
halo, -NO2, -CN, -R", -V-R", -V-CN or -V-NO2. In
another embodiment, at least one JQ is -V-R". In a
further embodiment, V is C1-6alkyl, wherein two
methylene units are replaced by Gv and each Gv is,
individually, selected from -NH-, -NR-, -O-, -S-, -
C(O)O-, -OC(O)-, -C(O)-, -C(O)NH-, -C(O)NR-, -NHC(O)-
or -NRC(O)-. In a further embodiment, one Gv is
directly bonded to R". In yet another embodiment, one
Gv is directly bonded to Q. [0145 ] In another
embodiment of the invention, V is substituted with up
to two Jv groups, wherein each Jv is, individually
C1-3alkyl or two Jv groups, together with the carbon
to which they are attached, form a 3-6 membered
cycloalkyl ring. In a further embodiment, Jv is
selected from halogen, NH2, NO2, CN, OH, C1-6alkyl,
C1-6haloalkyl, C1-6haloalkoxy,
-(C1-3alkyl)-O-(C1-3alkyl), -(C1-6alkyl)-OH,
-O-(C1-6alkyl), -NH-(C1-6alkyl), -N(C1-6alkyl)2,
-C(=O)O(C1-6alkyl), -C(=0)0H, -C(=O)(C1-6alkyl),
-C(=0)H, -OC(=O)(C1-6alkyl), -NC(=O)(C1-6alkyl),
C1-6alkyl-CN, or oxo. In yet a further embodiment, Jv
is selected from C1-6alkyl, CF3, -(C1-3alkyl)CF3,
-O-(C1-6alkyl), -CH2O-(C1-3alkyl), -C(=O)(C1-6alkyl),
-C(=0)0H, or -C(=O)O(C1-6alkyl). [0146] The present
invention also provides a compound of formula I or
formula II-a wherein each occurrence of JQ is
independently selected from R", -CH2R", halogen, CN,
NO2, -C(O)R", -C(O)R9R", -N(R')R", -CH2N(R')R", -OR",
-CH2OR", -SR", -CH2SR", - C(O)OR", -NR' C(O)R", -NR'
C(O)R9R", -NR' C(O)OR", -NR' C(O)OR9R", -C(0)N(R')R",
- C(O)N(R')R 9R", -C(O)NHR9OR", -C(O)N(R )R9OR",
-S(O)2N(R')R", -S(O)2N(R )R9R", - C(O)N(R')R9N(R')R",
-OR9OR", -0R 9N(R')R", -NR'C(R')(R 8)R", -NR'C(R')(R
8)C(O)OR", -N(R')R 9R", -N(R')R 9R", -N(R')R 9N(R')R",
-N(R') R9OR", -NR'C(R')(R 8)R", -NR'CH 2C(O)N(R )R",
or -NR'C(R')(R 8)C(O)N(R')R", wherein a) R8 is H, C1-6
alkyl, CF3, CH2CF3, CH2CN, or CH2OR'; or R8 and R ,
taken together with the atom(s) to which they are
attached, form a 3-8 membered ring having 0-3
heteroatoms selected from O, N, or S optionally
substituted with 0-4 occurrences of Jv , or b) R9 is
C1-6aliphatic; wherein each R8 and R9 are
independently and optionally substituted with 1-4
occurrences of Jv ; ortwo J groups, taken together
with the atoms to which they are attached, form a 3-8
membered saturated, partially saturated or unsaturated
ring with 0-3 heteroatoms selected from O, N, or S
optionally substituted with 0-4 occurrences of Jv .
[0147 ] In a further embodiment of JQ, R" is selected
from hydrogen, a C1- C6aliphatic group, optionally
substituted with up to six occurrences of R7, or R" is
a ring 



selected from:or two occurrences of R', or R' and R",
taken together with the nitrogen atom to which they
are bound, form an optionally substituted
3-10-membered monocyclic or bicyclic heterocyclic ring
selected from: wherein y is 0, 1, 2, or 3, and each
occurrence of R7 is independently R', -CH2R', halogen,
- CH2CH, -CN, -NO2, -N(R') 2, -CH2N(R') 2, -OR',
-CH2OR', -SR', -CH2SR', -C(O)OR', -C(O)R', -NR9C(O)R',
-NR9C(O)OR', -C(O)N(R' )2, -S(O)2N(R') 2, -NR9S(O)2R',
-C(O)NR9(CH2)2N(R9)R', -C(O)NR9(CH2)3N(R9)R\
-C(O)NR9(CH2)4N(R9)R\ -O(CH2)2OR', -O(CH2)3OR\
-O(CH2)4OR', -O(CH2)2N(R9)R', -O(CH2)3N(R9)R',
-O(CH2)4N(R9)R', -NR9CH(CH2OH)R', -NR9CH(CH2CH2OH)R',
-NR9(CH2)R', -NR9(CH2)2R', -NR9(CH2)3R', -NR9(CH2)4R',
-NR9(CH2)N(R9)R', -NR9(CH2)2N(R9)R',
-NR9(CH2)3N(R9)R', -NR9(CH2)4N(R9)R', -NR9(CH2)OR\
-NR9(CH2)2OR', -NR9(CH2)3OR', or -NR9(CH2)4OR' ;
wherein R9 is H or R6. [0148] In another embodiment of
the invention, JQ is selected from -N(R')R", - NR'
C(O)R", -NR' C(O)R9R", -NR'C(0)0R", -NR' C(O)OR9R",
-NR'CH(R 8)R",-NR'CH(R 8)C(O)OR, -N(R')R 9R", -N(R')R
9R", -N(R')R 9N(R')R", -N(R')R 9OR", -NR'CH(R8)R",
-NR'CH 2C(O)N(R')R", or -NR'CH(R 8)C(O)N(R')R". [0149]
The present invention also features a compound having
formula II-b : wherein each of Z1, Z2, and Z4 is,
independently, CH or N, and wherein at least one of Z1
or Z2 is N. [0150] In one embodiment, each of Z1 and
Z2 is N. [0151] In one embodiment, JQ is wherein R8 is
optionally substituted with up to two occurrences of
Jv . [0152] In one embodiment, r is 0 and R' , R , and
the intervening carbon together are: [0153] In yet
another embodiment, JQ is herein R8 is optionally
substituted with up to two occurrences of Jv . [0154 ]
The present invention also provides a compound of
formula I , formula IIa, or formula II-b, wherein p is
0. In one embodiment, R1 is H, halogen, CN, NO2, CF3,
CH3,OCH3, orOH. In another embodiment, R1 is H,
halogen, or CF3. In yet another embodiment, R1 is H.
[0155] The present invention also provides a compound
of formula I , formula IIa, or formula II-b, wherein d
is 0. In one embodiment, R2 is H, halogen, CN, NO2,
CF3, CH3, OCH3, or OH. In another embodiment, R2 is H,
halogen, or CF3. In yet another embodiment, R2 is H.
The present invention also provides a compound of
formula I , formula II-a, or formula II-b, wherein R1
and R2 are H. [0156] The present invention also
features a compound having formula III: (HI), wherein
Z2 is CH or N; Z3 is C-JQ3 orN; JQ1 is -N(R')R",
-CH2N(R')R", -NR' C(O)R", -NR'C(O)R9R", -NR' C(O)OR",
-NR' C(O)OR9R", -NR'C(R')(R 8)R", -NR'C(R')(R
8)C(O)OR", -N(R')R 9R", -N(R')R9R", -N(R')R9N(R')R",
-N(R')R 9OR", -NR'C(R')(R 8)R", -NR'CH2C(O)N(R')R", or
-NR'CR'(R 8)C(O)N(R')R"; JQ2 is hydrogen, -C(O)OH,
-C(O)OR", -C(O)OR9R", -C(O)R", -C(O)R9R", -C(O)NHR",
-C(O)N(R)R", -C(O)NHR9OR", -C(O)NHR9R", -C(O)N(R)R9R",
-OH, -OR", -CN, or -R"; wherein a) R8 is H, C1-6
alkyl, CF3, CH2CF3, CH2CN, or CH2OR ; or R8 and R ,
taken together with the atom(s) to which they are
attached, form a 3-8 membered ring having 0-3
heteroatoms selected from O, N, or S, wherein R8 or
said ring is optionally substituted with 0-4
occurrences of Jv ; b) R9 is C1-6aliphatic; or R9 and
R or R , taken together with the atom(s) to which they
are attached, form a 3-8 membered ring having 0-3
heteroatoms selected from O, 



N, or S, wherein R9 or said ring is optionally
substituted with 0-4 occurrences of Jv ; and JQ3 is
hydrogen, halo, or NO2.[0157] In one embodiment of
compounds having formula III, Z2 is CH. In another
embodiment, Z2 is N. In a further embodiment, Z3 is
C-JQ3 and JQ3 is hydrogen. In yet a further
embodiment, Z3 is C-JQ3 and JQ3 is F. In another
embodiment, Z3 is N. In yet another embodiment, both
Z2 and Z3 are N. [0158 ] In another embodiment, JQ2 is
hydrogen. In another embodiment, JQ2 is - C(O)OH,
-C(O)OR", -C(O)R", -C(O)NHR", -C(O)N(R)R",
-C(O)N(R)R9R", -CN, or -R", wherein JQ2 is optionally
substituted with up to two occurrences of Jv . [0159]
In another embodiment JQ1 is: , wherein R8 is
optionally substituted with up to two occurrences of
Jv . [0160 ] In a further embodiment, JQ1 is: ,
wherein R8 is optionally substituted with up to two
occurrences of Jv . [0161] In a further embodiment of
compounds having formula III, JQ1 is as defined
directly above and JQ2 is hydrogen. [0162 ] In another
embodiment of compounds having formula III, JQ1 is ,
wherein Ring A is optionally substituted with up to
two occurrences of Jv . In a further embodiment, Ring
A is selected from: wherein Jv is H or Jv . In yet a
further embodiment of a compound of formula III , JQ1
is as defined directly above and JQ2 is hydrogen.
[0163 ] In another embodiment of compounds having
formula III, JQ1 is[01 64 ] In a further embodiment of
compounds having formulae II-a, II-b, or III, R8 is
selected from [0165] In a further embodiment of
compounds having formulae II-a, II-b or III, R', R8,
and the intervening carbon are: [0166] In another
embodiment of compounds having formulae II-a, II-b or
III, R" is CH3, CH2CH3 or CH2CH2CH3, CF3, CH2CF3, or
CH2CH2CF3.[01 7 ] In another aspect, the invention
features a compound selected from the group of
compounds listed in Table 1.PROCESS AND APPARATUSFOR
MEASURING BINDING EVENTS ON A MICROARRAY OF ELECTRODES
Technical Field of the Invention This invention
provides a process and an apparatus for
electrochemical detection on a microarray of
electrodes. More specifically, the process and
apparatus are useful for reading the electrical signal
of each electrode by sequentially reading a set of
electrodes. The electrodes utilize an enzyme-amplified
redox chemistry that produces an electron proximate to
an electrode when a binding event has occurred between
a probe molecule on the microarray and a target
molecule in a test sample added to the microarray.
Background of the Invention Microarray preparation
methods for synthetic oligomers, including
oligonucleotides (oligos) include the following: (1)
spotting a solution on a prepared flat or
substantially planar surface using spotting robots;
(2) in situ synthesis by printing reagents via ink jet
or other computer printing technology and using
standard phosphoramidite chemistry; (3) in situ
parallel synthesis using electrochemically generated
acid for removal of protecting groups and using
standard phosphoramidite chemistry; (4) in situ
synthesis using maskless photo-generated acid for
removal of protecting groups and using regular
phosphoramidite chemistry; (5) mask-directed in situ
parallel synthesis using photo-cleavage of photolabile
protecting groups (PLPG) and standard phosphoramidite
chemistry; (6) maskless in situ parallel synthesis
using PLPG and digital photolithography and standard
phosphoramidite chemistry; and (7) electric field
attraction/repulsion for depositing fully formed
oligos onto known locations. An electrode microarray
for in situ oligo synthesis using electrochemical
deblocking is disclosed in Montgomery U.S. Patents
6,093,302; 6,280,595, and 6,444,1 11 (Montgomery I,
II, and III respectively), all of which are
incorporated by reference herein. Another and
materially different electrode array (not a
microarray) for in situ oligo synthesis on surfaces
separate and apart from electrodes using
electrochemical deblocking is disclosed in Southern
U.S. Patent 



5,667,667, which is incorporated by reference herein.
Photolithographic techniques for in situ oligo
synthesis are disclosed in Fodor et al. U.S. Patent
5,445,934 and the additional patents claiming priority
thereto, all of which are incorporated by reference
herein. Electric field attraction/repulsion
microarrays are disclosed in Hollis et al. U.S. Patent
5,653,939 and Heller et al. U.S. Patent 5,929,208,
both of which are incorporated by reference herein. A
review of oligo microarray synthesis is provided by:
Gao et al., Biopolymers 2004, 73:579.For microarrays,
a photon-based detection system (i.e., optical
detection) is generally used to detect a binding
event. Most commonly, microarray detection processes
use fluorescent tags on the targets for transduction
of a binding event on a microarray. Chemiluminescent
systems are also used. The amount of binding is
related to the amount of fluorescence measured.
Alternatively, visible dyes or luminescent tags may be
used. For example, for DNA hybridization, the tag is
attached to target DNA sequences to detect
hybridization to a probe oligonucleotide attached to a
microarray! Depending upon the intensity of the signal
from the tag, such microarrays may have to be read
through laser confocal microscope-based system for
microarrays configured in a monolayer (such as those
microarrays made through high density spotting or
photolithography techniques) or by a video-type camera
(such as a CCD camera) for those microarrays having a
three-dimensional matrix for each spot in high density
formats. An alternative to fluorescence has been
optical detection of probe-target binding hi a
socalled scanometric assay, targets are labeled with
catalytic gold nanoparticles. After binding with the
probe, a silver salt is added to the solution and
metallic silver is deposited where the nanoparticles
are bound. Detection is similar to optical
photographic development and is recorded using either
a digital scanner or photographic techniques. This
technique does alleviate some of the technical demands
of fluorescent detection but it is unclear how
sensitive scanometric techniques will be at spot sizes
relegated by current state of the art microarrays.
Generally, photon-based readers are expensive,
relatively large and cumbersome, extremely heavy and
unsuitable for field-based deployment, rely on
sophisticated numerical algorithms, and must be
accurately calibrated before use; thus, use of such
readers is generally limited to a laboratory setting.
In each instance of "reading" the signal from a
microarray, there is often stray light or other noise
signals that cause false or inaccurate readings.
Moreover, distinguishing between shades of gray or
barely perceptible signals as true positives or false
positives is difficult. Finally, there may be
quenching of the fluorescent signal and auto
absorption of the signal by other labels within close
proximity to the bound target. The additional
complexity associated with using a photon-based reader
imparts added variability. Therefore, there is a need
in the art for improvements to the detection process
for analyzing binding events on microarrays. The
present invention was made to address this need to
improve detection of binding events on an electrode
microarray by basing detection on electrical
properties rather than light properties of electrodes
having binding events. Brief Summary of the Invention
The present invention provides a process for reading
electrical current of electrodes on a microarray of
electrodes comprising:(a) providing a measurement
system having a control system, an integration
circuit, a microarray chamber, a plurality of voltage
lines, digital circuitry, and analog circuitry,
wherein the control system, the integration circuit,
and the microarray chamber are in circuit
communication, wherein the microarray chamber contains
a microarray having a plurality of electrodes in
circuit communication with the control system and the
integration circuit, wherein the voltage lines are
switchably connectable to each electrode by the
control system, wherein a first voltage line connects
the microarray to the integration circuit and connects
the integration circuit to the control system, wherein
a second voltage line is settable to ground, wherein a
third voltage line is settable to a programmable fixed
voltage, wherein the integration circuit has an
integrating rransimpedance amplifier having a positive
input and a potentiometer circuit connected to the
positive input, wherein the potentiometer circuit is
adjusted using an adjusting method to maintain
approximately identical voltage of electrodes having
current measured and electrodes not having current
measured; (b) initializing measurement by setting a
measurement set of the electrodes to approximately
ground using the second voltage line, setting a
counter electrode voltage of at least one counter
electrode using the third voltage line, and pausing
for a steady state period, wherein the at least one
counter electrode is in fluid communication with the
measurement set of the 



electrodes; (c) measuring current for each electrode
of the measurement set of electrodes current by (i)
connecting a measurement electrode to the integration
circuit having a reset switch closed using the first
voltage line, (ii) pausing for an electrode settling
period, (iii) opening the reset switch to measure and
record a voltage response from the output of the
integration circuit for a measurement time, (iv)
closing the reset switch, and (v) switching the
measurement electrode back to the second voltage line;
and (d) calculating current of each of the electrodes
of the measurement set by linear regression of the
voltage response and time, wherein a slope is
obtained, wherein the current is equal to negative of
the slope multiplied by a capacitor value of the
integration circuit capacitor. Preferably, the
adjusting method for the potentiometer circuit is
selected from the group consisting of manual
adjustment before assembling and software adjustment
using computer software and a measurement and feedback
circuit having a digital to analog converter and an
analog to digital converter. Preferably, the electrode
settling period is approximately 10 to 600
microseconds. Preferably, the set voltage of the at
least one counter electrode is approximately 0.02 to
0.5 volts. Preferably, the steady state period is
approximately 4 to 60 seconds. Preferably, the
capacitor value is approximately 5 to 20 picofarads.
Preferably, the measurement time is approximately 0.5
to 5 milliseconds. Preferably, the sampling rate is
approximately one data pair every 10 to 100
microseconds.Preferably, the counter electrode
comprises electrodes on a perimeter part of the
microarray, wherein the perimeter part includes three
columns of electrodes on a long side of the microarray
and five rows of electrodes on a short side of the
microarray. Preferably, the microarray chamber has
electromagnetic interference shielding. Preferably,
the microarray chamber is shielded from light.
Preferably, the integration circuit is shielded.
Preferably, the digital circuitry is routed away from
the analog circuitry. In another embodiment, the
present invention provides an apparatus for
integrating voltage to measure current of electrodes
on a microarray comprising: (a) an electrical network
having eight network terminals (A, B, C, D, E, F, G,
H) including (i) an integrating transimpedance
amplifier having a negative amp input connected to the
network terminal (A), a positive amp input connected
to the network terminal (B), and an amp output
connected to the network terminal (C), (ii) an
operational amplifier having a positive opamp input
connected to the network terminal (D), a negative
opamp input connected to the network terminal (B), and
an opamp output connected to the network terminal (B),
(iii) a programmable gain amplifier having gain Gl and
a PGA input connected to the network terminal (C) and
a PGA output connected to the network terminal (H),
(iv) a first resistor having known resistance Rl
connected between the network terminals (D) and (E),
(v) a second resistor having known resistance R2
connected between the network terminal (D) and ground,
(vi) a potentiometer having known resistance R3, a
potentiometer output connected to the network terminal
(E), and potentiometer inputs connected between the
network terminals (F) and (G), (vii) a capacitor of
known capacitance Cl connected between the network
terminals (A) and (C), and (viii) a reset switch
connected between the network terminals (A) and (C);
(b) a plurality of voltages lines having a measurement
line, a ground line, and a counter electrode line,
wherein the voltages lines are switchably connectable
to electrodes on a microarray of electrodes held in a
microarray chamber, wherein during measurement the
measurement line is connected between network terminal
(A) and a measurement electrode, the ground line is
connected to a plurality of electrodes not being
measured, and the counter electrode line is connected
to at least one counter electrode; (c) one or more
external power sources, wherein the one or more
external power sources provide a first source of
potential across the network terminals (F) and (G), a
second source of potential to power the operational
amplifier, a third source of potential to power the
integrating transimpedance amplifier, a fourth source
of potential to power the programmable gain amplifier,
and a fifth source of potential to power the reset
switch; and (d) a computer control and data
acquisition system having an input line connected to
the network terminal (H) and in circuit communication
with the integration circuit, the external power
sources, and the voltage lines using analog circuitry
and digital circuitry.Preferably, the potentiometer is
adjustable using a method selected from the group
consisting of manual adjustment before assembling and
software adjustment using computer 



software and a measurement and feedback circuit having
a digital to analog converter and an analog to digital
converter. Preferably, the counter electrode line is
adjustable to a voltage of approximately 0.02 to 0.5
volts. Preferably, Cl is approximately 10 picofarads.
Preferably, the microarray chamber has electromagnetic
interference shielding. Preferably, the microarray
chamber is shielded from light. Preferably, the
integration circuit is shielded. Preferably, the
digital circuitry is separated from the analog
circuitry. Preferably, Rl is approximately 49,900
ohms. Preferably, R2 is approximately 100 ohms.
Preferably, R3 is approximately 10,000 ohms. Brief
Description of the Several Views of the Drawings
Figure 1 illustrates a chemical reaction scheme when
horseradish peroxidase (HRP) is used as an enzyme for
detection of a binding event on a microarray.
Specifically, the analyte (target) is alpha 1-acid
glycoprotein (AGP). The analyte binding to the
microarray is detected by first forming a complex with
a second antibody that is labeled with biotin. The
second antibody is specific for an epitope of AGP. An
avidin-labeled HRP enzyme is then added, and the
avidin attaches to the biotin. The microarray site
used for detecting AGP as the analyte has another
antibody binding to a different epitope on AGP as the
probe. The first antibody (labeled "Antibody 1") is
self-assembled to an oligonucleotide microarray
through a tagged probe oligonucleotide. Products from
HRP catalysis are reducible and hence detectable at an
electrode on a microarray by making the electrode
having the HRP bound thereto a cathode. Figure 2 shows
a similar immunoassay sandwich configuration, as
compared to the configuration of Figure 1, for
detecting AGP at a known site on a microarray. The
differences are that streptavidin is attached to a
biotin-labeled second antibody that is attached to a
second epitope on AGP and then a biotin-label enzyme
is attached to the streptavidin. Additionally, the
enzyme is laccase instead of HRP. Figure 3 illustrates
a schematic of the switching positions, integrating
circuit, voltage lines, and computer control and data
acquisition system. Figure 4 shows a plot of
electrical current measure on electrodes of a
microarray of electrodes having HPR tagged targets for
a concentration of spike in targets. The substrates
are TMB and hydrogen peroxide. Detailed Description of
the Invention Addressable Electrode Microarrays and
Binding Events Electrode microarrays comprise a
plurality of addressable electrodes. An addressable
electrode is one where the electrode can be
electronically controlled to create a current or
voltageat the electrode. Electrode microarrays are
preferably in a column and row format although other
formats may be used. Electrodes may be circular or
other suitable geometries including a partial annulus
or a grid of lines suitably broken. Other geometries
may be used including those disclosed in U.S. Appl.
No. 11/108,078, filed 04/15/2005, entitled
"Neutralization and Containment of Redox Species
Produced by Circumferential Electrodes," which is
incorporated by reference herein. Each electrode
occupies a surface region of the microarray. Within a
specific region having an electrode, molecules can be
synthesized in situ. The types of molecules that may
be synthesized include small molecules, oligomers, and
polymers. Biomolecules such as peptides, DNA, and RNA
may also be synthesized. Molecules synthesized on an
electrode microarray are generally referred to as
probes. Electrode microarrays further and often have a
porous reaction matrix (layer) attached to the
microarray surface. The porous reaction matrix has
probes attached to it and provides a three dimensional
virtual flask for confinement of reagent at the
electrode. The flask may be thought of as cylindrical
in the case of a circular electrode. Preferably, the
porous reaction matrix is selected from the group
consisting of sucrose, monosaccharides, disaccharides,
trisaccharides, polyethylene glycol, polyethylene
glycol derivative, N-hydroxysuccinimide, succinimide
derivatives, and combinations thereof. Other porous
reaction matrix materials may be used including those
disclosed in U.S. Appl. No. 10/992,252, filed
11/18/2004, entitled "Electrode Array device having an
adsorbed porous reaction layer," which is incorporated
by reference herein. Alternatively, the porous
reaction layer is a membrane, wherein the membrane
material is selected from the group consisting of
polyvinyl alcohol, polyvinyl acetate, tricellulose
acetate, polyurethane, agarose, controlled porosity
glass with a PTFE resin, and combinations thereof.
Most commonly, a microarray contains a plurality of
probe molecules. Alternatively and 



rarely, a microarray may have one probe molecule type.
In the most common form of a microarray, the probes
are oligonucleotides that can bind to a complementary
sequence of DNA or RNA, wherein the DNA or RNA is a
target oligonucleotide. Depending upon the
hybridization conditions, a target having a region
that is nearly complementary to a probe may bind to
the probe. Detection of binding or hybridization
events on a microarray is one of the main challenges
in obtaining useful and accurate data. Most of the
marketed products are generally made by spotting or
ink-jet printing oligonucleotides onto planar,
non-porous surfaces such as glass slides. There are
sample-labeling kits commercially available that cause
the sample oligonucleotide (target) to become labeled
with a fluorescent dye. Often it is a fluorescent dye
sold under the trademarks of TEXAS RED(r), or CY(r)
dyes including CY3 DIRECT(r) and CY5 DIRECT(r). Most
commonly, the microarray is "read" through a common
fluorometer arrangement with either microscopic
magnification or imaging stitching.Reading involves
looking for fluorescence at the known locations where
the probe was spotted or synthesized. Reading
fluorescence of a microarray to detect a binding event
is the detection method universally used. However,
there are optical issues, difficulty in labeling with
fluorescent dyes, occasional high background problems,
and most importantly, extremely high costs associated
with fluorescent microscopic equipment. Therefore,
there is a need to detect binding events on
microarrays using lower cost equipment having less
complexity while providing reduced variability. The
present inventive method and apparatus uses
electrochemical detection of binding events to provide
a lower cost detection method with less variability.
The method and apparatus involves application of a
voltage or current to electrodes on an electrode
microarray to detect a binding event. The voltage or
current is used to detect a product of an enzymatic
reaction or the impact of a product of an enzymatic
reaction. Although the present invention can be used
to read binding events between probes and targets
using enzymatic catalyzed electrochemistry, the
reading method and apparatus of the present invention
is not limited to such uses. The reading or
measurement system and accompanying circuitry and
devises are suitable for use in reading other
electrochemical events on any microarray of
electrodes, such as where some event is
distinguishable by electrical properties at the
electrodes. Considering the electrochemistry of
enzymes on a microarray of electrodes, the product can
be oxidized at an anode or reduced at a cathode. The
electrodes on a microarray may function as either
anodes or cathodes. The local current or voltage
signal is restricted to being detected only at the
active electrode and not at neighboring electrodes.
The absence of such restriction is referred to as
"crosstalk" between electrodes. In the preferred
embodiment, there is minimal or no crosstalk between
electrodes during detection of a binding event. The
binding event is detected by a change in the detected
voltage or current as compared to an electrode not
having a binding event. Alternatively, the binding
event can be detected as a change in resistivity
(impedance.) Preferably, the electrode microarray is a
CombiMatrix Corporation CUSTOMARRAY12K(tm)
(approximately 12,000 electrodes per square
centimeter). Alternatively, the electrode microarray
is a CombiMatrix Corporation CUSTOMARRAY902(tm)
(approximately 1,000 electrodes per square
centimeter). Other electrode microarrays are suitable
to practice the present invention. Generally, any
density of electrodes on a microarray is suitable to
practice the present invention provided sufficient
isolation of each electrode may be obtained.
Immunoassays on an Electrode Microarray The present
invention finds an application in immunoassays.
Immunoassays are based upon the ability of antibodies
to form complexes with only a small number of
analytes, which are generally antigens or haptens.
Such selectivity of antibodies for specific analytes
provides a specific assay that is also sensitive. In
general, immunoassays are based upon the binding of
oneor more antibodies to analytes. Examples of
analytes include antigens, haptens, viruses, bacteria,
cells, proteins, polysugars, biological polymer
molecules, lipids, glycoproteins (alpha-1-acid
glycoprotein,) ricin, M13 phage, Bacillus globigii
(BG) spores, fluorescein, rabbit IgG, goat IgG, DNA,
RNA, single-stranded DNA, ribosomal RNA, mitochondrial
DNA, cellular receptors, glycosylated membrane-bound
proteins, non-glycosylated membrane-bound proteins,
polypeptides, glycosylated polypeptides, antibodies,
cellular antigenic determinants, organic molecules,
metal ions, salt anions and cations, and
organometallics, and combinations thereof. Problems
associated with immunoassays arise from the ability
(1) to assemble structures that can be detected and
(2) to accurately detect when antibody binding occurs.
Ideally, antibody binding 



occurs only at the locations having the proper probes.
The antibody-binding event can be indirectly measured
by the presence of a product of an enzymatic reaction.
After the antibody is bound, there needs to be a
method of detecting the bound antibody. Generally, the
most common methods of detection involve using labels
that include radioactive markers, enzymes, or
fluorescent markers. The most common method is the use
of a fluorescent tag attached to a moiety bound to the
antibody or attached directly to the antibody. In this
method, a fluorescent imaging system is used to view
the locations on a microarray having the antibody. The
combination of the fluorescent image and knowing the
probe identity provides the assay of the target. The
most common immunoassay using an enzyme label is
enzyme-linked immunosorbent assay (ELISA.) The most
popular enzyme-based immunoassays are the sandwich
method and the competitive binding method. Most
traditional immunoassays are performed with 96-well
microtiter plates; there are other plates available
such as 384-well plates and higher. Generally,
limitations of conventional immunoassay include the
following: (1) the difficulty of multiplexing; (2) the
time for analysis is relatively long; (3) the process
is multi-stage resulting in complexity and need for
adequately trained personnel; (4) practically, the
equipment cannot be made smaller; (5) automation is
done but is difficult; and (6) it must be done in a
laboratory setting. Therefore, there is a need in the
art for an improved immunoassay having reduced
complexity, analysis time, ability to be miniaturized,
automatic, and flexibility to be done in nonlaboratory
settings. Such an immunoassay requires a reliable
method and apparatus for implementation. hi a
preferred implementation of the present invention, the
method and apparatus are used for the sandwich
immunoassays, where an enzyme is attached to a
reporter antibody. In a sandwich immunoassay on an
electrode microarray, first bound antibodies are bound
to the microarray at known locations. Generally, the
first bound antibodies are referred to as capture
antibodies. Preferably, the first bound antibodies are
attached to an oligonucleotide that is complementary
to oligonucleotides synthesized in situ on the
electrode microarray at known locations.
Alternatively, the oligonucleotides on the electrode
microarray are spotted at knownlocations. The first
bound antibodies are attached to the microarray by
hybridization to the complementary strands on the
microarray thus providing a map of first bound
antibody locations according to the location of the
complementary strands. Such hybridization and mapping
is referred to as a self-assembling microarray. A
solution having analytes is contacted to the
microarray to allowing binding of analytes to
antibodies. Analytes of interest generally bind only
to specific antibodies thus providing high
specificity. A solution having a second antibody is
contacted to the microarray to allow attachment of the
second antibody to the bound analytes. The second
antibody is used as a reporter antibody, which means
that the antibody reports the microarray locations
having analytes attached thereto. Preferably, the
reporter antibody will have an enzyme covalently
attached thereto. Alternatively, the reporter antibody
may contain a biotin molecule. To this biotin
molecule, a streptavidin-enzyme conjugate or an
avidin-enzyme conjugate can be attached.
Alternatively, a streptavidin may be attached to the
biotin followed by another biotin attaching to the
streptavidin, wherein the second biotin is covalently
attached to an enzyme. Alternatively, an anti-species
antibody having an enzyme attached thereto may be
attached to the reporter antibody. Alternatively, the
reporter antibody may have a streptavidin or avidin
bound thereto. A biotin tagged enzyme is then attached
to the streptavidin or avidin. Alternatively, the
reporter antibody may have an oligonucleotide attached
thereto. A complementary oligonucleotide having an
enzyme attached thereto is hybridized to the
oligonucleotide attached to the report antibody.
Preferably, the enzyme is an oxidation-reduction
enzyme. Alternatively the enzyme is one causing a
cleavage reaction thus producing a redox product,
which is a product that is oxidizeable or reducible at
the electrode. Alternatively, the product is a solid
that deposits on the electrode; the solid product can
be detected by resistance, conductivity, or by redox
reaction. The inventive process can be constructed and
used with immunoassays, which includes sandwich-type
immunoassays. Construction and use provides that
enzymes are to be attached to an antibody complex. The
complex is formed when a reporter antibody binds to an
analyte that is bound to a probe antibody attached at
a known location on the microarray. The sandwich assay
format allows the use of numerous formats without the
difficulty of providing (synthesizing) analyte-based
individual antibody-enzyme conjugates. Examples of
immunoassays in a sandwich 



configuration are shown in Figures 1 and 2. Other
formats described previously may be used. Horseradish
Peroxidase Enzyme System In a preferred embodiment,
Horseradish peroxidase (HRP) is used as an enzyme for
electrochemical detection of binding events. The
enzyme is small (approximately 36 kilodalton) and has
a large turnover (maximum initial rate of an
enzyme-catalyzed reaction at substrate saturation.)
HRP is an oxidation enzyme that catalyses the
reduction of hydrogen peroxide. HRPwill catalyze
reactions of other substrates with hydrogen peroxide.
For example, other substrates include, oxidizeable
aromatics, ferrocene derivatives, and oxidizeable
inorganic compounds. Preferably, the HRP catalyzed
reaction using S^^^-tetramethylbenzidine (TMB) and
hydrogen peroxide is as follows: TMB + H2O2 - ox-TMB +
H2O. The redox reaction for detection (amperometric
detection) of the antibody binding event at the
electrode (cathode) having the enzyme complex bound
thereto is as follows: TMB + 2e" + 2H+ - ox-TMB. This
particular assay is performed at -0.2 volt versus a
platinum wire. Preferably, the assay solution is 0.05
molar sodium-citrate-phosphate buffer containing 0.2
molar sodium chloride at pH 5.0. Preferably, the
hydrogen peroxide concentration in solution is 4
millimolar. In another embodiment, substrates for HRP
are Ortho-phenyldiamine (OPD) and hydrogen peroxide.
The HRP catalyzed reaction using OPD and hydrogen
peroxide is as follows: OPD+ H2O2 ~ ox-OPD + H2O. The
redox reaction for amperometric detection of the
antibody binding event at the electrode (cathode)
having the enzyme complex bound thereto is as follows:
ox-OPD + 2H+ + 2e" -> OPD. Preferably, the assay using
OPD is performed at -0.1 volts versus a platinum wire.
Preferably, the solution is 0.05 molar
sodium-citrate-phosphate buffer containing 0.2 molar
disodium sulfate and at pH 5.0. Preferably, OPD and
hydrogen peroxide are both approximately 1 millimolar
in concentration. Alternatively, the HRP catalyzed
reaction using catechol and hydrogen peroxide is as
follows: Catechol + H2O2 - Quinone + H2O. The redox
reaction for detection (amperometric detection) of the
antibody binding event at the electrode (cathode)
having the enzyme complex bound thereto is as follows:
Quinone + 2e~+ 2H+ - Catechol. This particular assay
is performed at -0.3 volt versus a platinum wire.
Preferably, the assay solution is 0.05 molar
sodium-citrate-phosphate buffer containing 0.2 molar
disodium sulfate at pH 5.0. Preferably, the hydrogen
peroxide concentration in solution is 1 millimolar.
Preferably, the catechol concentration in solution is
1 millimolar. Alternatively, Iodine and hydrogen
peroxide is another substrate pair that may be used
with HRP. The HRP catalyzed reaction using iodine and
hydrogen peroxide is as follows: 2 + 2H+ + H2O2 - I2 +
2H2O. The redox reaction for amperometric detection of
the antibody binding event at the electrode (polarity
set as a cathode) having the enzyme complex bound
thereto is as follows:I2 + 2e 2I . Method of Reading a
Microarray having a Plurality of Electrodes In one
embodiment, the present invention provides a process
for reading the electrical current of any one of a
plurality of electrodes on a microarray of electrodes.
Specifically, the process of the present invention is
a process to read each electrode of a measurement set
of electrodes on the microarray. Preferably, another
set of the electrodes on the microarray is used as a
counter electrode. Although all electrodes could be
read, a counter electrode located nearby but not part
of the electrode array (i.e., off of the microarray)
can be used in place of a counter electrode on the
microarray. The measurement set of electrodes is,
preferably, a subset of all available electrodes. In
the first step, the process provides a measurement
system having a control system, an integration
circuit, and a microarray chamber. Additionally, the
measurement system has voltage lines used to connect
the electrodes to the measurement system. Preferably,
the system has at least three voltages lines: a vo
line, a V1 line, and a V3 line, as shown in Figure 3.
The control system, the integration circuit, and the
microarray chamber are in circuit communication
through digital 



circuitry, digital to analog (and analog to digital
converters,) and analog circuitry. The microarray
chamber contains a microarray having a plurality of
electrodes in circuit communication with the control
system and the integration circuit. The v0, V1, and V3
lines are switchably connectable to each electrode by
the control system. However, other ways of switching,
such as by separate control systems or circuits, can
be done and fall within the scope of the invention. As
shown in Figure 3, the v line connects the microarray
to the integration circuit and connects the
integration circuit to the control system though a
14-bit A to D converter. Alternatively, the control
system may have a A to D converter with resolutions
ranging from 8 to 24 bits. Also shown in Figure 1 is
that the V1 line is set to ground. Preferably, the
control system software sets the vi line to ground,
although other ways of grounding V1may be done and
fall within the scope of the invention. As shown in
Figure 3, the V line is settable to a programmable
fixed voltage. Preferably, the control system software
sets the v3 line to a fixed voltage; the V3 line is
used for the counter electrode. Other ways of setting
the voltage of the counter electrode maybe done such
as a separate voltage control system and fall within
the scope of the present invention. Without being
bound by theory, the fixed voltage of the counter
electrode depends on the geometry of the measurement
electrodes and the counter electrode as well as the
electrochemistry of the system being measured at the
electrodes. In addition to other circuits and devices
as shown in Figure 3, the integration circuit has an
integrating transimpedance amplifier having a positive
input and a potentiometer circuit connected to the
positive input. The potentiometer circuit is adjusted
using an adjusting method to maintainapproximately
identical voltage of electrodes having current
measured and electrodes not having current measured.
Without being bound by theory, matching the voltage of
the measured electrodes to the non-measured electrodes
minimizes disruption of the electrochemistry at the
electrodes and minimizes switching effects on
measurement of current. Preferably, the potentiometer
is adjusted using a manual trim. Alternatively, the
potentiometer is adjusted using software and circuitry
connected to the potentiometer. hi the second step,
devices are initialized by (i) setting a measurement
set of the electrodes to approximately ground using
the V1 line, (ii) setting a counter electrode voltage
of at least one counter electrode using v3 line, and
pausing for a steady state period. During grounding of
the electrodes, electrical energy discharge occurs
from the measurement set of the electrodes. The
counter electrode(s) is/are in fluid communication
with the measurement set of the electrodes. The
resistance (impedance) is matched for each electrode
of the measurement set of the electrodes before any
measurements. hi the third step, the current is
measured for each electrode of the measurement set of
electrodes current. A measurement electrode is
connected to the Vo line to connect the integration
circuit. The integration circuit has a reset switch
that is closed to discharge switching noise and to
discharge an integration circuit capacitor connected
between an input of the integration circuit and an
output of the integration circuit. Next, there is a
pause for an electrode-settling period before opening
the reset switch to allow circuit electrical
discharge. The reset switch is then opened to measure
and record a voltage response from the output of the
integration circuit for a measurement time. To end
measurement, the reset switch is closed. Finally, the
electrode undergoing measurement is switched back to
the V1 line. Switching back to ground keeps current
density constant. If the electrodes are initially set
to ground then read then switched to float, there will
be large gradients of signal intensity across the
miciOarray. Keeping current density constant is an
important part of the process and is essential to
getting good data. Current density fluctuations
adversely affect measurement reproducibility, and
switching the electrode back to the initial ground
state (Vl) after measurement (VO) mitigates the
effects of fluctuations. hi the final step, current is
calculated for each of the electrodes undergoing
measurement (the measurement set.) The calculation
method involves a linear regression of the voltage
response versus the time of measurement. The slope of
the linear regression is equal to the derivative of
the voltage with time. The derivative of the voltage
with respect to time is a constant because the plot of
voltage versus time is linear over the time of data
acquisition. The current is equal to the negative of
the slope multiplied by a capacitor value of the
integration circuit capacitor. Preferably, the
adjusting method for the potentiometer circuit is
manual adjustment before assembling of the measurement
system. Alternatively, the adjusting method is
software adjustment using computer software and a
measurement and feedback circuit having a digital to
analogconverter and an analog to digital converter.
Preferably, the integration circuit is shielded. The 



integration circuit is a part of the analog circuit.
Preferably, the entire analog circuit is shielded from
the digital circuit. Preferably, the microarray
chamber has electromagnetic interference shielding.
Preferably, analog circuit routing is done in a way to
minimize interaction with the digital circuit.
Preferably, the microarray chamber is shielded from
light, which will induce stay voltage signal that will
impact the measured signal. Preferably, the
electrode-settling period is approximately 10
microseconds to approximately 600 microseconds. More
preferably, the electrode-settling period is
approximately 100 microseconds. Preferably, the set
voltage of the at least one counter electrode is
approximately 0.02 to 0.5 volts. The set voltage is
enzyme and substrate dependent as well as dependent on
the electrode arrangement. Preferably, the counter
electrodes are a set of perimeter electrodes.
Preferably, the perimeter is three electrodes wide on
the long side of the microarray and 5 electrodes wide
on the short side of the microarray. In this
arrangement, the counter electrode voltage is
preferably 0.2 volts when the enzyme is HRP and the
substrates are TMB and hydrogen peroxide. Other
voltages would be used for different enzymes,
substrates, and electrode arrangements as one skilled
in the art would readily ascertain. Preferably, the
steady state period is approximately 4 to 60 seconds
to allow electrical discharge at the electrodes and to
wait for the enzyme reaction to stabilize. More
preferably, the steady state period is approximately
15 seconds. Preferably, the capacitor value is
approximately 5 to 20 picofarads and more preferably
10 picofarads. During the measurement of each
electrode, the capacitor is discharged after reading
for the next electrode. Preferably, the measurement
time is approximately 0.5 to 5 milliseconds. More
preferably, the measurement time is approximately 2
milliseconds. During the measurement time, voltage and
time are logged at a sampling rate of approximately
one data pair every 10 to 100 microseconds during the
measurement time. More preferably, the sampling rate
is approximately 20 microseconds, although other
sampling rates could readily be chosen. The
measurement time needs to be of sufficient time to
allow proper linear regression of the resulting data.
Apparatusfor Reading a Microarray having a Plurality
of Electrodes In another embodiment, the present
invention provides an apparatus for integrating
voltage to measure current of electrodes on a
microarray. Referring to Figure 3, the apparatus has
an electrical network having eight network terminals
(A, B, C, D, E, F, G, H). The network has (i) an
integrating transimpedance amplifier having a negative
amp input connected to the network terminal (A), a
positive amp input connected to the network terminal
(B), and an amp output connected to the network
terminal (C), (ii) an operational amplifier having a
positive op amp input connected to the network
terminal (D), a negative op amp input connected to the
network terminal(B), and an op amp output connected to
the network terminal (B), (iii) a programmable gain
amplifier having gain G1 and a PGA input connected to
the network terminal (C) and a PGA output connected to
the network terminal (H), (iv) a first resistor having
known resistance R1 connected between the network
terminals (D) and (E), (v) a second resistor having
known resistance R2 connected between the network
terminal (D) and ground, (vi) a potentiometer having
known resistance R , a potentiometer output connected
to the network terminal (E), and potentiometer inputs
connected between the network terminals (F) and (G),
(vii) a capacitor of known capacitance Ci connected
between the network terminals (A) and (C), and (viii)
a reset switch connected between the network terminals
(A) and (C); The apparatus has a plurality of voltages
lines, which include a measurement line, a ground
line, and a counter electrode line. The voltages lines
are switchably connectable to electrodes on a
microarray of electrodes held in a microarray chamber.
During measurement, the measurement line is connected
between network terminal (A) and a measurement
electrode, the ground line is connected to a plurality
of electrodes not being measured, and the counter
electrode line is connected to at least one counter
electrode. The apparatus has one or more external
power sources. There is a first source of potential
across the network terminals (F) and (G), a second
source of potential to power the operational
amplifier, a third source of potential to power the
integrating transimpedance amplifier, a fourth source
of potential to power the programmable gain amplifier,
and a fifth source of potential to power the reset
switch. The apparatus has computer control and data
acquisition system having an input line connected to
the network terminal (H) and in circuit communication
with the integration circuit, 



the external power sources, and the voltage lines
using analog circuitry and digital circuitry.
Preferably, the power sources are supplied by the
computer control and data acquisition system, which
preferably controls the electrical network, the
voltage lines, the power sources, and circuit
communication with the microarray of electrodes.
Preferably, the potentiometer is adjustable using a
method selected from the group consisting of manual
adjustment before assembling and software adjustment
using computer software and a measurement and feedback
circuit having a digital to analog converter and an
analog to digital converter. Preferably, the counter
electrode line is adjustable to a voltage of
approximately 0.02 to 0.5 volts. Preferably, Ci is
approximately 10 picofarads. Preferably, the
microarray chamber has electromagnetic interference
shielding. The shielding is preferably formed as a
perimeter gasket surrounding the microarray as the
microarray is sandwiched between machined aluminum
blocks clamped together. Preferably, the microarray
chamber is shielded from light by the machined
aluminum blocks. Preferably, the integration circuit
is shielded inside of a machined aluminum block and
the digital circuit boards are outside of the
shielding block.Preferably, the digital circuitry is
separated from the analog circuitry by routing the
lines along separate paths to the computer control and
data acquisition system. Preferably, the computer
control and data acquisition system has a desktop
personal computer and circuit boards to allow
communication such as RS232 ports and USB ports.
Preferably, R1 is approximately 49,900 ohms. The
apparatus of claim 14, wherein R2 is approximately 100
ohms. The apparatus of claim 14, wherein R is
approximately 10,000 ohms. Example 1 hi this example,
DNA probes were synthesized on a microarray having a
plurality of electrodes. Targets having a biotin tag
were hybridized to the probes. Streptavidin tagged HRP
was used to attach HRP. The substrates used to detect
binding were 3,3'-5,5'-Tetramethyl benzidine (TMB)
with hydrogen peroxide. The microarray was a
CombiMatrix CustomArray(tm) 12k microarray available
from ConibiMatrix Corporation, Mullteo, Washington.
(The microarray is a 1" x 3" alumina slide with an 11
x 25 mm silicon chip affixed in a cavity). The
CombiMatrix microarray technology platform is a
semiconductor-based chip that allows the manufacture
of oligonucleotide arrays using electrochemical
control. Utilization of active circuit elements in the
design permits the selection and parallel activation
of individual electrodes in the array to perform in
situ oligonucleotide synthesis of customized content
on the microarray. The CombiMatrix microarray is a
silicon integrated circuit that is manufactured using
a commercial mixed signal complementary metal oxide
semiconductor (CMOS) process. The microarray has
12,544 electrodes. The size of each electrode is
approximately 44 micrometers in diameter. The CMOS
integrated circuit technology creates active circuit
elements and digital logic on the chip that allows
complex functions to be implemented. These include a
high-speed digital interface to communicate to the
microarray, data writing and reading from the
microarray, and the setting of appropriate electrical
conditions at each electrode to perform in situ
oligonucleotide synthesis. This design utilizes a
Serial Peripheral Interface (SPI) interface to
minimize the number of external electrical connection
required to communicate to the chip. A 56 x 224 array
of electrodes is located in the center of the chip
providing a total of 12,544 spots for the generation
of oligonucleotide probes. Each electrode is
fabricated within a unit cell of circuit elements that
allows precise control of the electrical
characteristics of the electrode. All the electrodes
on the chip are individually addressable, so that
unique reactions may be carried out at each individual
site.) A system of spiked-in controls was developed
using biotin-labeled cRNA transcripts generated from
segments of the Esherichia coli (E. coli)
bacteriophage lambda genome (#NC_001416). The array
was designed with probes directed to the spiked-in
control transcripts as well as a variety of genes
expressed by the K-562 leukemic cell line. Probes were
created againstvarious genes involved with immune
system pathways, as well as a number of housekeeping
genes. In addition, multiple probes were designed
against segments of the Phage Lambda genome. The
microarray was designed with replicates of each probe
distributed across the array to allow measurement of
the variability within the array. Lambda sequences
have three different probes per target and each are
replicated 24 times; K562 sequences have 16
replicates. Prior to synthesis, the microarray surface
was coated with a porous matrix layer over each
electrode of the microarray that facilitated the
attachment and synthesis of biomolecules within the
porous matrix above the electrode surface. This porous
reaction layer contained free hydroxyl 



groups. The hydroxyl groups tethered the newly
synthesized oligonucleotide to the area above selected
platinum-coated electrodes. The custom oligonucleotide
arrays were synthesized on the microarray using
standard phosphoramidite chemistry and electrochemical
generation of acid to remove protecting groups on each
phosphoramidite moiety. Such removal is referred to as
deblocking. During DNA synthesis, the blocking DMT
(dimethoxytrityl) group of the phosphoramidite on the
chip surface was removed by turning on selective
electrodes; only those electrodes "turned on" (i.e.,
current applied selectively) lost the DMT group in the
presence of acid (H+) that is produced by the
electrochemical reaction. An activated nucleotide
reagent was introduced and allowed to react with the
free hydroxyl groups. The chip was washed, followed by
capping and then an oxidation step to stabilize the
central phosphorous atom. The process continued with
deprotection of selected electrodes and a coupling
step. Using this in situ synthesis method, unique
oligomers of 35-40 bases were synthesized at each
electrode. After the electrochemical synthesis
process, the microarray was deprotected in 50:50
ethanolethylenediamene at 650C for 1 hour to remove
benzoyl, isobutyryl, and cyanoethyl protecting groups
and then washed in ethanol and distilled water.
Complex background sample was prepared from Human
Leukemia, Chronic Myelogenous (K-562 cell line) poly
A+ RNA (Ambion, Austin, TX) utilizing Ambion's
MessageAmp aRNA Kit. Biotin was double incorporated
using biotin-1 1-CTP (Perkin Elmer, Boston, MA) and
biotin- 16-UTP (Roche Diagnostics, Mannheim, Germany).
Varying concentrations of spiked-in biotincRNA control
transcripts were combined with a constant amount (150
nM) of K-562 biotin-cRNA complex background such that
final concentration of spiked-in control transcripts
would range from 1 to 3000 pM in the hybridization.
The biotin-cRNA mixtures were fragmented in a IX
fragmentation solution (40 mM Tris-Acetate, rH8.1, 100
mM KOAc, 30 mM MgOAc) at 95 C for 20 minutes. The
fragmented cRNA sample was added to a hybridization
solution (6X SSPE, 0.05% Tween-20, 20 mM EDTA, 25% DI
Formamide, 0.05% SDS, 100 ng/ul sonicated Salmon Sperm
DNA) and denatured for 3 minutes at 95 0C. The sample
was placed briefly on ice followed by centrifugation
at 13,000 g's for 3 minutes. The hybridization sample
solution was loaded into the hybridization chamber.
Hybridization was carried out for 18 hours at 45
0C.Following hybridization, the array in the
hybridization chamber was washed with 3X SSPE, 0.05%
Tween-20. Each washing step started with emptying the
hybridization chamber using a pipette followed by
rinsing the chamber with a wash buffer using another
pipette and adding a fresh wash buffer in the chamber
and incubating for 1~5 minutes. Washings continued
with 0.5X SSPE, 0.05% Tween-20 and 2X PBST, 0.1%
Tween-20. Blocking was done using 3% casein in 2xPBST
for 30 minutes. After the washing steps, the
microarray was incubated with HRP-streptavidin
conjugate to attach the HRP to the microarray. The
conjugate comprised a proprietary polymer of multiple
HRP units conjugated to streptavidin. The
streptavidin-HRP complex was purchased from Research
Diagnostics, Inc. To make the streptavidin-HRP
solution, one microliter of the streptavidin-HRP 80
complex was diluted to 5000 microliters using 2XPBST.
The time of exposure was 60 minutes and the solution
temperature was 25 degrees Celsius. The resulting
linkage was hybridized target-biotin-streptavidin-HRP.
HRP detection was performed with TMB as a substrate in
the presence of hydrogen peroxide. The concentration
of hydrogen peroxide was 4.5 millimolar. The solution
was a 10 times diluted commercial TMB solution
obtained from Sigma, catalog #T044. The counter
electrode voltage was +0.2 volts (working electrode
was -0.2 volts.) The temperature was ambient
temperature. Counter electrode used in this experiment
was located at a site not on the electrode array but
proximate to it. The electrochemical hybridization
signal corresponded to the gene expression information
of the biological sample. The signals were detected on
the microarray and analyzed. Figure 4 shows a plot of
the spiked in Lambda at different concentrations for
three unique probes at each concentration for a total
of 18 unique probes. Figure 4 shows that the measured
current monotonically increases as the concentration
of the target is increased.What is claimed is: 1. A
process for reading electrical current of electrodes
on a microarray of electrodes comprising: (a)
providing a measurement system having a control
system, an integration circuit, a microarray chamber,
a plurality of voltage lines, digital circuitry, and
analog circuitry, wherein the control system, the
integration circuit, and the microarray chamber are in
circuit communication, wherein the microarray chamber
contains a microarray having a plurality of electrodes
in circuit 



communication with the control system and the
integration circuit, wherein the voltage lines are
switchably connectable to each electrode by the
control system (b) initializing measurement by setting
a measurement set of the electrodes to approximately
ground, setting a counter electrode voltage of at
least one counter electrode, and pausing for a steady
state period, wherein the at least one counter
electrode is in fluid communication with the
measurement set of the electrodes; (c) measuring
current for each electrode of the measurement set of
electrodes current by (i) connecting a measurement
electrode to the integration circuit having a reset
switch closed using the first voltage line, (ii)
pausing for an electrode settling period, (iii)
opening the reset switch to measure and record a
voltage response from the output of the integration
circuit for a measurement time at a sampling rate,
(iv) closing the reset switch, and (v) switching the
measurement electrode back to the second voltage line;
and (d) calculating current of each of the electrodes
of the measurement set. 2. The process for reading
electrical current of electrodes on a microarray of
electrodes of claim 1 wherein a first voltage line
connects the microarray to the integration circuit and
connects the integration circuit to the control
system. 3. The process for reading electrical current
of electrodes on a microarray of electrodes of claim
1wherein a second voltage line is settable to ground,
wherein a third voltage line is settable to a
programmable fixed voltage. 4. The process for reading
electrical current of electrodes on a microarray of
electrodes of claim 1wherein the integration circuit
has an integrating transimpedance amplifier having a
positive input and a potentiometer circuit connected
to the positive input. 5. The process for reading
electrical current of electrodes on a microarray of
electrodes of claim 4 wherein the potentiometer
circuit is adjusted using an adjusting method to
maintain approximately identical voltage of electrodes
having current measured and electrodes not having
current measured. 6. The process for reading
electrical current of electrodes on a microarray of
electrodes of claim 1 wherein the setting the
measurement set of electrodes step is done with
thesecond voltage line and the setting the counter
electrode voltage is done using the third voltage
line. 7. The process for reading electrical current of
electrodes on a microarray of electrodes of claim 1
wherein calculating the current of each electrode is
by linear regression of the voltage response and time.
8. The process for reading electrical current of
electrodes on a microarray of electrodes of claim 7
wherein a slope is obtained, wherein the current is
equal to negative of the slope multiplied by a
capacitor value of the integration circuit capacitor.
9. The process of claim 1, wherein the adjusting
method for the potentiometer circuit is selected from
the group consisting of manual adjustment before
assembling and software adjustment using computer
software and a measurement and feedback circuit having
a digital to analog converter and an analog to digital
converter. 10. The process of claim 1, wherein the
electrode settling period is approximately 10 to 600
microseconds. 11. The process of claim 1, wherein the
programmable fixed voltage of the at least one counter
electrode is approximately 0.02 to 0.5 volts. 12. The
process of claim 1, wherein the steady state period is
approximately 4 to 60 seconds. 13. The process of
claim 9, wherein the capacitor value is approximately
5 to 20 picofarads. 14. The process of claim 1,
wherein the measurement time is approximately 0.5 to 5
milliseconds 15. The process of claim 1, wherein the
sampling rate is approximately one data pair every 10
to 100 microseconds. 16. An apparatus for integrating
voltage to measure current of electrodes on a
microarray comprising: (a) an electrical network
having at least eight network terminals (A, B, C, D,
E, F, G, H) comprising: 



(i) an integrating transimpedance amplifier having a
negative amp input connected to a network terminal
(A), a positive amp input, a negative opamp input, and
an opamp output connected to a network terminal (B),
and an amp output connected to a network terminal (C),
(ii) an operational amplifier having a positive opamp
input connected to a network terminal (D), , (iii) a
programmable gain amplifier having gain G1 and a PGA
input connected to the network terminal (C) and a PGA
output connected to the network terminal (H),(iv) a
first resistor having known resistance R1 connected
between the network terminals (D) and (E), (v) a
second resistor having known resistance R2 connected
between the network terminal (D) and ground, (vi) a
potentiometer having known resistance R3, a
potentiometer output connected to the network terminal
(E), and potentiometer inputs connected between the
network terminals (F) and (G), (vii) a capacitor of
known capacitance Ci connected between the network
terminals (A) and (C), and (viii) a reset switch
connected between the network terminals (A) and (C);
(b) a plurality of voltages lines; (c) one or more
external power sources, ; and (d) a computer control
and data acquisition system having an input line
connected to the network terminal (H) and in circuit
communication with the integration circuit. 17. The
apparatus for integrating voltage to measure current
of electrodes on a microarray of claim 16 wherein the
plurality of voltages lines comprise a measurement
line, a ground line, and a counter electrode line. 18.
The apparatus for integrating voltage to measure
current of electrodes on a microarray of claim 16
wherein the voltages lines are switchably connectable
to electrodes on a microarray of electrodes. 19. The
apparatus for integrating voltage to measure current
of electrodes on a microarray of claim 16 wherein
during measurement the measurement line is connected
between network terminal (A) and a measurement
electrode, the ground line is connected to a plurality
of electrodes not being measured, and the counter
electrode line is connected to at least one counter
electrode. 20. The apparatus for integrating voltage
to measure current of electrodes on a microarray of
claim 16 wherein the one or more external power
sources provide a first source of potential across the
network terminals (F) and (G), a second source of
potential to power the operational amplifier, a third
source of potential to power the integrating
transimpedance amplifier, a fourth source of potential
to power the programmable gain amplifier, and a fifth
source of potential to power the reset switch. 2 1.
The apparatus for integrating voltage to measure
current of electrodes on a microarray of claim 16
wherein the external power sources, and the voltage
lines use analog circuitry and digital circuitry. 22.
The apparatus of claim 16, wherein the potentiometer
is adjustable using a method selected from the group
consisting of manual adjustment before assembling and
softwareadjustment using computer software and a
measurement and feedback circuit having a digital to
analog converter and an analog to digital converter.
23. The apparatus of claim 16, wherein the counter
electrode line is adjustable to a voltage of
approximately 0.02 to 0.5 volts. 24. The apparatus of
claim 16, wherein C1 is approximately 10 picofarads.
25. The apparatus of claim 16, wherein R1 is
approximately 49,900 ohms, R2 is approximately 100
ohms, and wherein R3 is approximately 10,000 ohms. 


