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METHOD FOR DETECTING MULTIPLE PREDETERMINED COMPOUNDS IN A SAMPLE

5 Throughout this application, certain patents and publications are
referenced, the latter by authors and publication vyear. Full
citations for these publications may be found immediately preceding
the claims. The disclosures of these patents and publications in
their entireties are hereby incorporated by reference into this

10 application in order to describe more fully the state of the art to

which this invention relates.

FIELD OF INVENTION

This invention provides methods for detecting the presence of a
15 plurality of predetermined compounds in a sample using a plurality
of tag moieties and at least one nanopore. This invention also
provides methods for determining the quantity of each of a plurality
of predetermined compounds in a sample using a plurality of tag
moieties and at least one nanopore. This invention further provides
20 methods for detecting interaction of at least two predetermined

compounds using a tag molety and at least one nanopore.

BACKGROUND OF THE INVENTION

Classic immunological approaches to detection of proteins using
25 antibodies, receptors, or other binding partners include, among
others, enzyme-linked immunosorbent (ELISA) assay (generally in the
form of an antibody sandwich method), radioimmunoassays, and
immunoblotting methods [Burnette 1981, Engvall et al. 1971, and
Yalow et al. 19601, with equivalent biochemical approaches being
30 used for protein-receptor and protein-ligand reactions. Majority of
these methods rely on examining one protein at a time. Moreover,
the protein target typically must be present in large amounts and at
relatively high concentrations to assure a reliably detectable
signal.
35
Beginning in 1975 but largely over the last 15 vears, methods that

attempt to simultaneously examine many different proteins have



WO 2014/144898 PCT/US2014/029495

appeared. These include 2-D gel electyophoresis, tandem mass
spectrometyy (MS8-2 or MS8-3) systems with intermediate protein
cleavage, isotope-coded affinity tag (ICAT)-MS, MudPIT (LC-2/MS-2),

and combinations of these approaches [Guerrera et al. 2005, Gygli et

5 al. 1999, Klose 1975, and O'Farrell 1975]. For instance, in the
ICAT approach, proteing from different tissues are labeled with tags
containing either hydrogen or deuterium, and the differential
patterns are observed by mass spectrometry. While many of these
methods allow multiple samples to be compared concurrently, due to

10 the cost of associated technologies such as mass spectroscopy, many

of these approaches have not found general utility.

A relatively recent addition to the repertoire, protein arrays, in
which fluorescently labeled proteins are allowed to bind to numerous
15 spots, each containing covalently attached antibodies for a specific
protein (antigen), are an appealing solution, as they can be mass
produced and data analysis standardized [Angenendt 2005, Bussow et
al. 1998, Cahill 2001, de Wildt et al. 2000}. While limited by the
number of available specific antibodies that can function on a solid
20 phase, a more important shortcoming of this method is the relative
binding ability of the antibodies. Unlike DNA probes on gene
expression microarrays, where probes can be selected to be fairly
uniform in their binding affinity for mRNA targets, different
antibodies may bind their fluorescently labeled antigens with very
25 different affinities. Because of this variable affinity,
guantification from spot to spot {(antigen to antigen) becomes
difficult, especially when combined with the likelihood that the
fluorescent signal can lie outside of the linear range of detection.
For example, low copy number proteins in the sample will not be
30 seen, unless their binding is stronger than the average antigen-
antibody interaction elsewhere on the chip, in which case they will
be over-represented. Moreover, the effective concentration range
will have the same floors and ceilings as other fluorescent methods
on microarrays, and small changes 1in protein levels will be
35 difficult to distinguish using protein arrays. Another common issue

with fluorescent labeling is the existence of overlapping emission
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spectra, which limits the number of differentially labeled samples

that can be applied to the arravs.

In summary, gene regulation analysis at the level of protein
5 synthesis, like proteomics in general, lags behind nucleic acid
analysis in its throughput, sensitivity and automation. This is due
to the relatively poor stability of proteins, their  high
heterogeneity, and the requirement for a much wider dynamic range of
detection with increased demand for sensitivity approaching the
10 single molecule detection level, a need not easily met by
fluorescent or colorimetric measurements. While protein arrays
based on antibody interactions with fluorescently labeled antigens
or secondary antibodies have gained some degree of popularity over
the last decade ([Cahill 20011, some of the drawbacks of this
15 approach, including fluorescence saturation and overlap in
fluorescent emission, make accurate quantification difficult. While
there are currently several examples of application of nanopore-
based analytics, no existing technology allows quantification of
protein-protein interactions with a plurality of tags.
20
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SUMMARY OF THE INVENTION

This invention provides a method for detecting the presence of a
plurality of predetermined compounds in a sample which comprises:

5 (a) contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag molety comprises at
least one detectable component, under conditions permitting
the tag moieties to attach to each of the predetermined
compounds present in the sample to form detectably tagged

10 predetermined compounds, wherein each tag wmoiety uniquely
attaches to one of the predetermined compounds present in the
sample and is distinguishable from any tag moiety attached to
any other predetermined compound present in the sample;

() treating the sample from step (a) to form an electrolyte

15 solution containing the detectably tagged predetermined
compounds ;
(c) contacting the electrolyte solution from step (b) with at

least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably tagged
20 predetermined compounds present in the electrolyte solution,
under conditions such that the detectably tagged predetermined
compounds bind to said at least one nanopore;
(d) treating the detectably tagged predetermined compounds bound
to said at least one nanopore 50 as to separate the tag
25 moieties from the predetermined compounds; and
{e) detecting said at least one detectable component of each of
the tag moieties so released as the tag moieties pass through
said at least one nanopore so as to thereby detecting the
presence of the plurality of predetermined compounds in the

30 sample.

This invention provides a method for detecting the presence of a

plurality of predetermined compounds in a sample which comprises:

(a) contacting the sample with a plurality of detectable tag
35 moieties, wherein each detectable tag moiety comprises at

least one detectable component, under conditions permitting
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the tag moleties to attach to each of the predetermined
compounds present in the sample to form detectably tagged
predetermined compounds, wherein each tag moiety uniquely
attaches to one of the predetermined compounds present in the
sample and is distinguishable from any tag moiety attached to
any other predetermined compound present in the sample;

(b) treating the sample Ffrom step (a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds ;

(o) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nangpore
comprises a means for binding each of the detectably tagged
predetermined compounds present in the electrolyte solution,
under conditions such that the detectably tagged predetermined
compounds bind to said at least one nanopore, and wherein each
of the tag moleties of said bound detectably tagged
predetermined compounds localizes within said at least one
nanopore;

(d) detecting said at least one detectable component of each of
the tag moieties with said at least one nanopore so as to
thereby detecting the presence of the plurality of

predetermined compounds in the sample.

This invention also provides a method for determining the guantity
of each of a plurality of predetermined compounds in a sample which
comprises:

(a} contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag moiety comprises at
least one detectable component, under conditions permitting
the tag moleties to attach to each of the predetermined
compounds present in the sample to form detectably tagged
predetermined compounds, wherein each tag moliety uniguely
attaches to one of the predetermined compounds present in the
sample and is distinguishable from any tag moiety attached to

any other predetermined compound present in the sample;
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() treating the sample from step (a) to form an electrolyte
gsolution containing the detectably tagged predetermined
compounds ;

{c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably tagged
predetermined compounds present in the electrolyte solution,
under conditions such that the detectably tagged predetermined
compounds bind to said at least one nanopore;

(d) treating the detectably tagged predetermined compounds bound
to said at least one nanopore so as to separate the tag
moietieg from the predetermined compounds;

(e} determining the amount of said at least one detectable
component of each of the tag moieties so released as the tag
moieties pass through said at least one nanopore; and

{£) determining, from the amounts of said detectable components
determined in step (e), the guantity of each of the plurality

of predetermined compounds present in the sample.

This invention also provides a method for determining the quantity
of each of a plurality of predetermined compounds in a sample which
comprises:

(a) contacting the sample with a plurality of detectable tag
moleties, wherein each detectable tag moiety comprises at
least one detectable component, under conditions permitting
the tag moieties to attach to each of the predetermined
compounds present in the sample to form detectably tagged
predetermined compounds, wherein each tag moiety uniquely
attaches to one of the predetermined compounds present in the
sample and is distinguishable from any tag moiety attached to
any other predetermined compound present in the sample;

(b) treating the sample from step (a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds ;

(¢} contacting the electrolyte solution from step (b) with at

least one nanopore, wherein said at least one nanopore
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comprises a means for binding each of the detectably tagged
predetermined compounds present in the electrolvte solution,
under conditions such that the detectably tagged predetermined
compounds bind to said at least one nanopore, and wherein each
of the tag moieties of said bound detectably tagged
predetermined compoundsﬂ localizes within said at least one
nanopore;

(d) determining the amount of said at least one detectable
component of each of the tag moleties with said at least one
nanopore; and

(e} determining, from the amounts of said detectable components
determined in step (d), the quantity of each of the plurality

of predetermined compounds present in the sample.

This invention further provides a method for detecting interaction

of at least two predetermined compounds which comprises:

(a) contacting at least a first predetermined compound present in
a sample with a detectable tag moiety, wherein the detectable
tag moiety comprises at least one detectable component, under
conditions permitting the tag moiety to attach to the
predetermined compound present in the sample to form a
detectably tagged predetermined compound;

(b} treating the sample from step (a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds ;

(c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein at least a second predetermined
compound is immobilized on said at least one nanopore, under
conditions permitting the binding of the detectably tagged
predetermined compound with the second predetermined compound;

(a) treating the detectably tagged predetermined compound bound to
said at least one nanopore sO as to separate the tag molety
from the predetermined compound; and

(e) detecting said at least one detectable component of the tag

moiety so released as the tag moiety passes through said at
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least one nanopore so as to thereby detecting the interaction

of the predetermined compounds.

This dinvention even further provides a method for detecting
5 interaction of at least two predetermined compounds which comprises:

{a) contacting at least a first predetermined compound present in
a sample with a detectable tag moiety, wherein the detectable
tag moiety comprises at least one detectable component, under
conditions permitting the tag moiety to attach to the

10 predetermined compound bpresent in the sample to form a
detectably tagged predetermined compound;

(b) treating the sample from step (a) to form an electrolyte
golution containing the detectably tagged predetermined
compound;

15 (c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein at least a second predetermined
compound is immobilized on said at least one nanopore, under
conditions permitting the binding of the detectably tagged
predetermined compound with the second predetermined compound,

20 and wherein the tag moiety of said detectably tagged
predetermined compound bound to the second predetermined
compound localizes within said at least one nanopore;

{d) detecting said at least one detectable component of the tag
moiety with said at least one nanopore so as to thereby

25 detecting the interaction of the predetermined compounds.

This invention even further provides a method for detecting the
presence of a plurality of predetermined compounds in a plurality of
samples, comprising:

30 (a) contacting each sample with a nanopore-detectable tag moiety,
under conditions permitting the tag moiety to attach to the
plurality of predetermined compounds present in the sample to
form detectably tagged predetermined compounds for that
sample, which are distinguishable from any nanopore-detectable

35 tag moiety attached to similar predetermined compounds from

any other sample;
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(b} mixing the resulting tagged compounds from the plurality of
samples from step (a) and treating them in such a way as to
form an electrolyte solution containing the set of detectably
and distinguishably tagged predetermined compounds;

5 {c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for specific analyte moiety binding to each
of the detectably tagged predetermined compounds in the
electrolyte solution, under conditions such that the

10 detectably tagged predetermined compounds bind to said at
least one nanopore;

{d) treating the detectably tagged predetermined compounds bound
to said at least one nanopore so0 as to separate the tag
moieties from the predetermined compounds; and

15 (e) detecting said at least one detectable component of each of
the tag moieties so released as the tag moieties pass through
said at least one nanopore 80 as to thereby detect the
presence of the plurality of predetermined compounds in the
plurality of samples.

20
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Multiplex gquantitative protein sample analysis by

detection of protein-protein interactions using nanopores and

5 cleavable tags. (A} The analyte consists of a protein conjugated
with a reporter tag via a c¢leavable linker (e.g., an antigen,
antibody, protein A, or other molecule). (B) Detection of tagged
proteins using o-~hemolysin nanopores. (1) A mixture of two protein

samples labeled with distinct tags is added to the nanopore-
10 containing chip; (2) The analyte protein is captured on the cig side
in the wvicinity of the o-hemolysin nanopore via protein-protein
interactions with a bound primary antibody, receptor, etc. (3) After
protein binding and washing, the tags are cleaved off the proteins
according to the nature of the c¢leavable linker; the cleaved tags
15 are electrophoretically driven through the pore to produce unigque
current blockade signals which are analyzed to quantitatively and

qualitatively analyze protein presence.

Figure 2. Correlation between c¢onductance signatures and mass
20 distribution of a polydisperse mixture of PEG oligomers (red) during
their transit through a single nanopore as compared with a 29-
ethylene glycol unit PEG polymer (blue). The conductance based mass
spectrum clearly resolves the repeat units of PEG within the 30-50
monomer unit range [Robertson et al. 2007].
25
Figure 3. Synthesis of chemically cleavable linkers for protein
labeling. Dotted lines indicate the cleavage site on treatment with
TCEP.

30 Figure 4. Synthesis of a photochemically cleavable linker for
protein labeling using a nitrobenzyl based linker as the starting
material. Dotted lines indicate the cleavage site on treatment with
TCEP.

35 Figure 5. Monodisperse coumarin-PEG derivatives of different size.
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Figure 6. Discrimination of a mixture of coumarin-PEG tags of
different sizes in a o«-hemolysin nanopore at single molecule level.
Left: time series data indicates that when PEG tags enter a single
a~hemolysin  channel, they cause current blockades that are

5 characteristic in their duration and amplitude. Right: frequency
histogram of the mean current blockade caused by individual
molecules and expressed as ratio of current blocked vs open channel,
which shows baseline resolution with a 10 kHz measurement bandwidth.

The colored bars at the top represent the 6 ¢ distribution of the

10 data, which suggests that a single tag could be discriminated with

accuracy better than 1 in 300,000 events [Rumar et al. 2012].

Figure 7. Detection of interactions (an antibody and antigen
interaction is used as an example) of tagged compounds using
15 nancpores. {A} An analvyte consists of a target protein conjugated
with a reporter tag (e.¢., an antigen, antibody, protein A, or other
molecule) . The tagged analyte binds to an antibody immobilized on
top of the nanopore, the tag which has been designed to have a
positive charge will enter the nanopore, causing a unique electrical
20 current blockade, which can be used to identify the target molecule.
(B) An analyte consists of a target protein conjugated with a
reporter tag (e.g., an antigen, antibody, protein A, or other
molecule} through a c¢leavable linker. The tagged analyte binds to
an antibody immcobilized on top of the nanopore, upon cleavage of the
25 linker, the tag which has been designed to have a positive charge
will pass through the nanopore, causing a unicue electrical current

blockade, which can be used to identify the target molecules.
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DETAILED DESCRIPTION OF THE INVENTION

This invention provides a method for detecting the presence of a

plurality of predetermined compounds in a sample which comprises:

(a) contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag moiety comprises at
least one detectable component, under conditions permitting
the tag moieties to attach to each of the predetermined
compounds present in the sample to form detectably tagged
predetermined compounds, wherein each tag moiety uniquely
attaches to one of the predetermined compounds present in the
sample and is distinguishable from any tag moiety attached to
any other predetermined compound present in the sample;

(b} treating the sample from step (a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds ;

(c) contacting the electrolyte solution from step (b} with at
least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably tagged
predetermined compounds present in the electrolyte solution,
under conditions such that the detectably tagged predetermined
compounds bind to said at least one nanopore;

(d) treating the detectably tagged predetermined compounds bound
to said at least one nanopore so0 as to separate the tag
moieties from the predetermined compounds; and

(e) detecting said at least one detectable component of each of
the tag moieties so released as the tag moieties pass through
said at least one nanopore so as to thereby detecting the
presence of the plurality of predetermined compounds in the

sample.

This invention also provides a method for detecting the presence of

a plurality of predetermined compounds in a sample which comprises:

(a) contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag moiety comprises at

least one detectable component, under conditions permitting
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the tag meieties to attach to each of the predetermined
compounds present in the sample to form detectably tagged
predetermined compounds, wherein each tayg molety uniquely
attaches to one of the predetermined compounds present in the

5 sample and is distinguishable from any tag moiety attached to
any other predetermined compound present in the sample;

(b) treating the sample from step (a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds ;

10 (<) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably tagged
predetermined compounds present in the electrolyte solution,
under conditions such that the detectably tagged predetermined

15 compounds bind to said at least one nanopore, and wherein each
of the tag moieties of said Dbound detectably tagged
predetermined compounds localizes within said at least one
nancpore;

(d) detecting said at least one detectable component of each of

20 the tag moieties with said at least one nanopore =0 as to
thereby detecting the presence of the plurality of

predetermined compounds in the sample.

This invention further provides a method for determining the
25 quantity of each of a plurality of predetermined compounds in a
sample which comprises:

(a) contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag moiety comprises at
least one detectable component, under conditions permitting

30 the tag moieties to attach to each of the predetermined
compounds present in the sample to form detectably tagged
predetermined compounds, wherein each tag moiety uniquely
attaches to one of the predetermined compounds present in the
sample and is distinguishable from any tag moiety attached to

35 any other predetermined compound present in the sample;
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{b) treating the sample from step (a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds ;

(c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably tagged
predetermined compounds present in the electrolyte solution,
under conditions such that the detectably tagged predetermined
compounds bind to said at least one nanopore;

(d) treating the detectably tagged predetermined compounds bound
to said at least one nanopore so0 as to separate the tag
moieties from the predetermined compounds;

(e} determining the amount of said at least one detectable
compornient of each of the tag moieties so released as the tag
moieties pass through said at least one nanopore; and

(f) determining, from the amounts of said detectable components
determined in step (e), the quantity of each of the plurality

of predetermined compounds present in the sample.

This invention even further provides a method for determining the
quantity of each of a plurality of predetermined compounds in a
sample which comprises:

(a) contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag moiety comprises at
least one detectable component, under conditions permitting
the tag moieties to attach to each of the predetermined
compounds present in the sample to form detectably tagged
predetermined compounds, wherein each tag moiety uniquely
attaches to one of the predetermined compounds present in the
sample and is distinguishable from any tag moiety attached to
any other predetermined compound present in the sample;

(b} treating the sample from step ({(a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds ;

(¢} contacting the electrolyte solution from step (b) with at

least one nanopore, wherein said at least one nanopore
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comprises a means for binding each of the detectably tagged
predetermined compounds present in the electrolyte solution,
under conditions such that the detectably tagged predetermined
compounds bind to sald at least one nanopore, and wherein each
5 of the tag moieties of said bound detectably tagged
predetermined compounds localizes within said at least one

nanopore;
(d) determining the amount of said at least one detectable
component of each of the tag moieties with said at least one

10 nanopore; and

(e) determining, from the amounts of said detectable components
determined in step (d), the quantity of each of the plurality

of predetermined compounds present in the sample.

15 In an embodiment of the invention, the methods Ffurther comprising a
washing step to remove any detectably tagged predetermined compound

which is not bound to said at least one nanopore prior to step (d).

In an embodiment of the invention, the predetermined compound is a
290 protein. In a preferred embodiment, the predetermined compound is
an antibody. In another embodiment of the invention, the

predetermined compound is non~proteinaceous.

In an embodiment of the invention, the tag moiety comprises more
25 than one detectable component. It is contemplated that each such

detectable component is independently detectable.

In a further embodiment of the invention, the detectable componement
is selected from the group consisting of ethylene glycol, an amino
30 acid, a carbohydrate, a peptide, a dye, a fluorescent compound, a
chemilluminiscent compound, a mononucleotide, a dinucleotide, a
trinucleotide, a tetranucleotide, a pentanucleotide, a
hexanucleotide, a polynucleotide, a nucleotide monophopshate, a
nucleotide diphosphate, a nucleotide polyphosphate, an aliphatic
35 acid, an aromatic acid, an unsubstituted alcchol or thiol, an

alcohol or a thieol substituted with one or more halogens, a cyano
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group, a nitro group, an alkyl group, an alkenyl group, an alkynyl

group, and an azido group.

In certain embodiments, the detectable component of said tag

5 moieties comprises a multiplicity of ethylene glycol units. in a
further embodiment, the multiplicity of ethylene glycol units
comprises 16, 20, 24, or 36 ethylene glycol units.

In an embodiment of the invention disclosed herein, the tag moiety
10 attaches to the predetermined compound via a cleavable linker. in
further embodiments of the invention, the cleavable linker is a

photocleavable linker or a chemically cleavable linker.

In one embodiment, the photocleavable linker is a 2-nitrobenzyl
15 linker. In another embodiment, the chemically cleavable linker is
an azido linker. In an embodiment, UV light is used to cleave the
photocleavable linker. Methods for production of cleavably capped
and/or cleavably linked molecules are disclosed in U.S. Patent No.

6,664,079, which is hereby incorporated by reference.

20
In an embodiment of the claimed method, at least one of the
predetermined compounds present in the sample is a protein and at
least one of said tag moieties attaches to the carboxy or amino
terminus of said protein.

25
In another embodiment, at least one of the predetermined compounds
present in the sample is a protein and at least one of said tag
moieties attaches to a lysine, an arginine, or a cysteine residue of
said protein.

30

In a further embodiment of invention, the nanopore is a biological
nanopore, a modified biological nanopore, or a synthetic nanopore.
In certain embodiments, the nanopore is proteinaceous, in particular
an alpha hemolysin (o-hemolysin).

35
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In vet another embodiment, the nanopore is a solid-state nanopore.
In a specific embodiment, the nanopore comprises graphene. It is
contemplate that in certain embodiment the nanopore is in a

membrane .,

5 In an embodiment of the invention, the nanopore is part of an array
of nanopores. In certain embodiments, each nanopore in said array
comprises identical means for binding the detectably tagged
predetermined compounds. In certain other embodiments, each
nanopore in said array comprises different means for binding the

10 detectably tagged predetermined compounds.

In an embodiment, the means for binding the detectably tagged
predetermined compounds is a protein, in particular an antibody. In
another embodiment, the means for binding the detectably tagged

i5 predetermined compounds 1s non-proteinceous.

In an embodiment of the methods disclosed herein, a tag moiety is
digtinguishable from any other tag moiety based on blockade
signature of said tag moiety detectable with said at least one
20 nanopore. In certain embodiments, the blockade signature is result
of a change in current amplitude or conductance of said at least one

nanopore.

In an embodiment, said at least one nanopore further comprising a

25 mean for ejecting said tag moiety from the nanopore.

This invention also provides a method for detecting interaction of

at least two predetermined compounds which comprises:
(a) contacting at least a first predetermined compound present in
30 a sample with a detectable tag moiety, wherein the detectable
tag moiety comprises at least one detectable component, under
conditions permitting the tag moiety to attach to the
predetermined compound present in the sample to form a

detectably tagged predetermined compound;
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(b} treating the sample from step (a) to form an electrolyte

solution containing the detectably tagged predetermined

compounds ;
() contacting the electrolyte solution from step (b) with at
5 least one nanopore, wherein at least a second predetermined

compound is immobilized on said at least one nanopore, under
conditions permitting the binding of the detectably tagged
predetermined compound with the second predetermined compound;
{(dy treating the detectably tagged predetermined compound bound to
10 said at least one nanopore so as to separate the tag moiety
from the predetermined compound; and
(e) detecting said at least one detectable component of the tag
moiety so released as the tag moiety passes through said at
least one nanopore so as to thereby detecting the interaction

15 of the predetermined compounds.

This dinvention further provides a method for detecting interaction
of at least two predetermined compounds which comprises:
(a) contacting at least a first predetermined compound present in

20 a sample with a detectable tag moiety, wherein the detectable
tag moiety comprises at least one detectable component, under
conditions permitting the tag moiety to attach to the
predetermined compound present in the sample to form a
detectably tagged predetermined compound;

25 {b) treating the sample from step {(a) to form an electrolyte
solution containing the detectably tagged predetermined
compound ;

(c}) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein at least a second predetermined

30 compound is immobilized on said at least one nanopore, under
conditions permitting the binding of the detectably tagged
predetermined compound with the second predetermined compound,
and wherein the tag molety of said detectably tagged
predetermined compound bound to the second predetermined

35 compound localizes within said at least one nanopore;
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(d) detecting said at least one detectable component of the tag
moiety with said at least one nanopore so as to thereby

detecting the interaction of the predetermined compounds.

5 In an embodiment, the method further comprises a washing step to
remove any detectably tagged predetermined compound which is not

bound to the second predetermined compound prior to step (d).

In an embodiment of the invention, at least one of the predetermined
10 compounds is a protein. 1In a specific embodiment, the protein is an
antibody. In another embodiment of the invention, at least one of

the predetermined compounds is non-proteinaceous.

In an embodiment, the tag moiety comprises more than one detectable
15 component . In a specific embodiment, each detectable component is

independently detectable.

In an embodiment of the invention, each of said at least one
detectable component of said tag moiety is selected from the group

20 consisting of ethylene glycol, an amino acid, a carbohydrate, a
peptide, a dye, a fluorescent compound, a chemilluminiscent
compound, a mononucleotide, a dinucleotide, a trinucleotide, a
tetranucleotide, a pentanucleotide, a hexanucleotide, a
polynucleotide, a nuclectide monophopshate, a nucleotide

25 diphosphate, a nucleotide polyphosphate, an aliphatic acid, an
aromatic acid, an unsubstituted alcohol or thiol, an alcohol or a
thiol substituted with one or more halogens, a cyano group, a nitro
group, an alkyl group, an alkenyl group, an alkynyl group, and an
azido group.

30
In an embodiment of the invention, said at least one detectable
component of said tag moiety comprises a multiplicity of ethylene
glycol units. In certain specific embodiments, said multiplicity of
ethylene glycol units comprises 16, 20, 24, or 36 ethylene glycol

35  units.
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In an embodiment of the invention, said tag moiety attaches to the
predetermined compound via a cleavable linker. The cleavable linker

could be a photocleavable linker or a chemically cleavable linker.

5 In an embodiment, the predetermined compound present in the sample
is a protein and said tag moiety attaches to the carboxy or amino
terminus of said protein. In another embodiment, the predetermined
compound present in the sample is a protein and said tag moiety
attaches to a lysine, an arginine, or a cysteine residue of said

10 protein.

In certain embodiment, said at least one nanopore is a biclogical
nanopore, a modified biological nanopore, or a synthetic nanopore.
In a specific embodiment, sald at least one nanopore is
15  proteinaceous. In a preferred embodiment, said at least one

nanopore is an alpha hemolysin (a-hemolysin).

In another embodiment, said at least one nanopore is a solid-state
nanopore. In a further embodiment, the solid-state nanopore

20 comprises graphene.
In an embodiment, said at least one nanopore is in a membrane.

In another embodiment, said at least one nanopore is part of an
array of nanopores. In some embodiments, each nanopore in said
25 array comprises an identical immobilized second predetermined
compound . In other embodiments, each nanopore in said array

comprises a different immobilized second predetermined compound.

In an embodiment, the second predetermined compound is a protein.

30 In a specific embodiment, the protein is an antibody.

In another embodiment, the second predetermined compound is non-

proteinceous.
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In an embodiment, said tag moiety produces a blockade signature
detectable with said at least one nanopore. In certain embodiment,
the blockade signature is result of a change in current amplitude of
sald at least one nanopore. In certain other embodiment, the
5 blockade signature is result of a change in conductance of said at

least one nanopore.

In an embodiment, the sample comprises a plurality of predetermined
compounds . In such an embodiment, step (a) further comprises
10 contacting the plurality of predetermined compounds present in the
sample with a plurality of detectable tag moieties, under conditions
permitting the tag moieties to attach to each of the predetermined
compounds present in the sample to form detectably tagged
predetermined compounds, wherein each tag molety uniquely attaches
15 to one of the predetermined compounds present in the sample and is
distinguishable from any tag molety attached to any other

predetermined compound present in the sample.

In an embodiment, said at least one nanopore comprises a plurality
20 of predetermined compounds capable of binding to the plurality of

detectably tagged predetermined compounds present in the sample.

In an embodiment, said at least one nanopore further comprising a
means for ejecting said tag moiety from the nanopore. 1In a specific
25 embodiment, the means for ejecting said tag moiety from the nanopore

consisting of a means to adjust electric field of said nanopore.

This invention also provides a detectable tag moiety for use in the
methods disclosed herein which comprises a protein reactive group,
30 at least one detectable component, and a linker connecting the

protein reactive group and the at least one detectable component.

In an embodiment, the linker is a cleavable linker. The cleavable
linker could be a photocleavable linker or a chemically cleavable
35 linker.
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This invention further provides a method for detecting the presence
of a plurality of predetermined compounds in a plurality of samples,
comprising:

{(a) contacting each sample with a nanopore-detectable tag moiety,

5 under conditions permitting the tag moiety to attach to the
plurality of predetermined compounds present in the sample to
form detectably tagged predetermined compounds for that
sample, which are distinguishable from any nanopore-detectable
tag moiety attached to similar predetermined compounds from

10 any other sample;

{b) mixing the resulting tagged compounds from the plurality of
samples from step (a) and treating them in such a way as to
form an electrolyte solution containing the set of detectably
and distinguishably tagged predetermined compounds;

15 () contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for specific analyte moiety binding to each
of the detectably tagged predetermined compounds in the
electrolyte solution, under conditions such that the

20 detectably tagged predetermined compounds bind to said at
least one nanopore;

(d) treating the detectably tagged predetermined compounds bound
to said at least one nanopore so as to separate the tag
moieties from the predetermined compounds; and

25 (e) detecting said at least one detectable component of each of
the tag moieties so released as the tag moieties pass through
said at least one nanopore so as to thereby detect the
presence of the plurality of predetermined compounds in the
plurality of samples.

30

Each method and process described herein can be performed using

compound with cleavable or noncleavalbe tags.

For the foregoing embodiments, each embodiment disclosed herein is
35 contemplated as being applicable to each of the other disclosed

embodiments.
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As used herein, and unless stated otherwise, each of the following

termsg ghall have the definition set forth below.

*Antibedy" shall include, without limitation, (a) an immunoglobulin

5 molecule comprising two heavy chains and two light chains and which
recognizes an antigen; (b) a polyclonal or monoclonal immunoglobulin
molecule; and (c) a monovalent or divalent fragment thereof.
Immunoglobulin molecules may derive from any of the commonly known
classes, including but not limited to IgA, secretory IgA, IgG, IgE

10 and IgM. IgG subclasses are well known to those in the art and
include, but are not limited to, human IgGl, IgG2, IgG3 and IgG4.
Antibodies can Dbe both naturally occurring and non-naturally
occurring. Furthermore, antibodies include chimeric antibodies,
wholly synthetic antibodies, single chain antibodies, and fragments

15 thereof. Antibodies may be human or nonhuman. Antibody fragments
include, without limitation, Fab fragments, Fv fragments and other

antigen-binding fragments.

“Nanopore” includes, for example, a structure comprising (a) a first
20 and a second compartment separated by a physical barrier, which
barrier has at least one pore with a diameter, for example, of from
about 1 to 10 nm, and (b) a means for applying an electric field
across the barrier so that a charged molecule such as DNA,
nucleotide, nucleotide analogue, or tag, can pass from the first
25 compartment through the pore to the second compartment. The nanopore
ideally further comprises a means for measuring the electronic
signature of a molecule passing through its barrier. The nanopore
barrier may be synthetic or naturally occurring in part, Barriers
can include. for example, lipid bilayers having therein o-hemolysin,
30 oligomeric protein channels such as porins, and synthetic peptides
and the like. Barriers can also include inorganic plates having one
or more holes of a suitable size. Herein ‘nanopore”, “nanopore
barrier” and the *“pore” in the nanopore barrier are sometimes used
equivalently. It is wunderstood that the electric field of a
35 nanopore may be adijustable. It is also understood that a charged

molecule such as DNA, nucleotide, nucleotide analogue, or tag, does
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not need to pass from the first compartment through the pore to the
second compartment in order to produce an electronic signature.
Such electronic signature may be produced by localization of the

molecule within the pore.

Nanopore devices are known in the art and nanopores and methods
employing them are disclosed in U.S. Patent Nos. 7,005,264 B2;
7.846,738; 6,617,113; 6,746,5%4; 6,673,615; 6,627,067; 6,464,842;
6,362,002; 6,267,872; 6,015,714; 5,795,782; and U.S. Publication
10 Nos. 2004/0121525, 2003/0104428, and 2003/0104428, each of which are

hereby incorporated by reference in their entirety.

*Blockade signature” of a molecule passing through a pore via
application of an electronic field shall include, for example, the
15 duration of the nucleotide’s passage through the pore together with
the observed amplitude of current during that passage. Blockade
signature for a molecule is envisioned and can be, for example, a
plot of current (e.g. pA) versus time for the molecule to pass
through the pore via application of an electric field.
20 Alternatively, Dblockade signature is also determinable for a
molecule which does not pass through a pore. Blockade signature of
such a molecule is also envisioned and can be, for example, a plot
of current (e.g. pA) versus time for the molecule to enter into or
pass adjacent to the pore. Herein “blockade signature”, “blockade

25 signal”, and “electronic signature” are sometime used equivalently.

A specific event diagram is constructed which is the plot of
translocation time versus blockade current. This specific event
diagram (also referred to as an blockade signature) is used to
30 distinguish molecules by single-channel recording technigques based
on characteristic parameters such as translocation current,
translocation duration, and their corresponding dispersions in the

diagram.

35 Asg used herein, a “tag” or a “tag moiety” is any chemical group or

molecule that is capable of producing a unique blockade signature
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detectable with a nanopore. In some cases, a tag comprises one or
more of ethylene glycol, an amino acid, a carbchydrate, a peptide, a
dve, a fluorescent compound, a chemilluminiscent compound, a
meononucleotide, a dinucleotide, a trinucleotide, a tetranucleotide,
5 & pentanucleotide, a hexanucleotide, a polynucleotide, a nucleotide
monophopshate, a nucleotide diphosphate, a nucleotide polyphosphate,
an aliphatic acid, an aromatic acid, an unsubstituted alcohol or
thiol, an alcchol or a thiol substituted with one or more halogens,
a C¢yano group, a nitro group, an alkyl group, an alkenyl group, an

10 alkynyl group, an azido group, or a combination thereof.

As used herein, unless otherwise specified, a tag moiety which is
different or distinguishable from the tag moiety of a referenced
molecule means that the tag moiety has a different chemical
15 structure from the chemical structure of the other/referenced tag
moiety. A tag moiety is different or distinguishable from the tag
moiety of a referenced molecule could also mean that the tag moiety
has a different blockade signature from the blockade signature of

the other/referenced tag moiety.

20
As used herein, a tag which “localizes” within a pore is a tag
located inside or adjacent to the pore. A tag which localizes
within a pore does not necessarily pass through or translocate the
pore.

25
As used herein, “proteinaceous” compound means any biopolymer formed
from amino acids, such as peptides, proteins, antibodies, antigens,
or a fragment or portiocn thereof. Such compound may be naturally
occuring or non-naturally occuring.

30

As used herein, "alkyl" includes both branched and straight-chain
saturated aliphatic hydrocarbon groups having the specified number
of carbon atoms and may be unsubstituted or substituted. Thus, Cl1-Cn
as in “Cl-Cn alkyl" includes groups having 1, 2, ...., n-1 or n
35 carbons in a linear or branched arrangement. For example, a "Cl-C5

alkyl® includes groups having 1, 2, 3, 4, or 5 carbons in a linear
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or branched arrangement, and specifically includes methyl, ethyl, n-

propyl, isopropyl, n~butyl, t-butyl, and pentyl

As used herein, ‘“alkenvl® refers to a non-aromatic hydrocarbon

5 group, straight or branched, containing at least 1 carbon to carbon

double bond, and up to the maximum possible number of non-aromatic

carbon-~carbon double bonds may be present, and may be unsubstituted

or substituted. For example, "C2-C5 alkenyl" means an alkenyl group

having 2, 3, 4, or 5, carbon atoms, and up to 1, 2, 3, or 4, carbon-

10 carbon double bonds respectively. Alkenyl groups include ethenyl,
propenyl, and butenyl.

The term “alkynyl® refers to a hydrocarbon group straight or

branched, containing at least 1 carbon to carbon triple bond, and up
15 to the maximum possible number of non-aromatic carbon-carbon triple

bonds may be present, and may be unsubstituted or substituted. Thus,

"C2-C5 alkynyl'" means an alkynyl group having 2 or 3 carbon atoms

and 1 carbon-carbon triple bond, or having 4 or 5 carbon atoms and

up to 2 carbon-carbon triple bonds. Alkynyl groups include ethynyl,
20 propynyl and butynyl.

The term "substituted" refers to a functional group as described
above such as an alkyl, or a hydrocarbyl, in which at least one bond
to a hydrogen atom contained therein is replaced by a bond to non-
25 hydrogen or non-carbon atom, provided that normal valencies are
maintained and that the substitution(s) result(s) in a stable
compound. Substituted groups also include groups in which one or
more bonds to a carbon(s) or hydrogen(s) atom are replaced by one or
more bonds, including double or triple bonds, to a heteroatom. Non-
30 limiting examples of substituents include the functional groups

described above, and for example, N, e.g. so as to form -CN.

It is understood that substituents and substitution patterns on the
compounds of the instant invention can be selected by one of
35 ordinary skill in the art to provide compounds that are chemically

stable and that can be readily synthesized by technigues known in



WO 2014/144898 PCT/US2014/029495

- 27 -

the art, as well as those methods set forth below, from readily
available starting materials. If a substituent is itself substituted
with more than one group, it is understood that these multiple
groups may be on the same carbon or on different carbons, so long as

5 a stable structure results.

In choosing the compounds of the present invention, one of ordinary
skill in the art will recognize that the various substituents, i.e.
Ry, Rz, etc. are toc be chosen in conformity with well-known

10 principles of chemical structure connectivity.

In the compound structures depicted herein, hydrogen atoms, except
on ribose and deoxyribose sugars, are generally not shown. However,
it is understood that sufficient hydrogen atoms exist on the

15 represented carbon atoms to satisfy the octet rule.

Where a range of values is provided, unless the context clearly
dictates otherwise, it is understood that each intervening integer
of the value, and each tenth of each intervening integer of the
20 value, unless the context clearly dictates otherwise, between the
upper and lower limit of that range, and any other stated or
intervening value in that stated range, is encompassed within the
invention. The upper and lower limits of these smaller ranges may
independently be included in the smaller ranges, and are also
25 encompassed within the invention, subject to any specifically
excluded limit in the stated range. Where the stated range includes
one or both of the limits, ranges excluding (i) either or (ii} both

of those included limits are also included in the invention.

30  All combinations of the various elements described herein are within
the scope of the invention. All sub-combinations of the wvarious
elements described herein are also within the scope of the

invention.

35 This invention will be better understood by reference to the

Experimental Details which follow, but those skilled in the art will
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readily appreciate that the specific experiments detailed are only
illustrative of the invention as described more fully in the claims

which follow thereafter.

5 Experimental Details And Discussions

Building on the success of recent work on developing nanopore-based
DNA sequencing, a multiplex digital protein detection and
quantification technique using proteins tagged with cleavable PEQ
10 molecules of different lengths and nanopore detection is developed.
In this approach, a specific antibody is covalently attached in the
vicinity of a nanopore. Protein analytes from different samples are
labeled with cleavable tags that each produces a distinct current
blockade signal in the o-hemolysin nanopore. After capture of the
15 tagged protein samples by the antibodies, the tags are cleaved off
the proteins, and identified at the single molecule level as they

traverse the nanopore.

T. Design and Synthesize of Cleavable Protein-Labeling Tags

20
A set of modified poly(ethylene glycol) (PEG) tags has been
previously developed for single-molecule sequencing and demonstrated
to generate unigue current blockade signatures when traversing a
nanopore. Synthetic derivatives of these tags are developed, which
25 are capable of efficiently conjugating with protein analytes or
antibodies via photocleavable or chemically cleavable linkers to

allow their subsequent identification in the nanopore.

Design of the cleavable tag structure is shown in Fig. 1A and
30 consists of three distinct components: a protein reactive group, a
cleavable linker and a nanopore tag. A This design is based on
studies of the transit of PEC molecules of different molecular size
through the «-hemolysin nanopore [Robertson et al. 20071 and
experience in designing cleavable linkers for DNA sequencing by
35 synthesis with reversible terminators bearing fluorescent tags [Guo

et al. 2008 and Seo et al. 2005]. Robertson et al. demonstrated
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that the transit of polydisperse PEG wmolecules through a
Staphylococcus aureus o-hemolysin nanopore causes distincet current
blockade states that generate characteristic conductance signatures
at single-molecule level (Fig. 2), which correlate with the
5 molecular weight of individual PEG molecules. In addition to
conductance reduction, the residence time within the nanopore
increases linearly with PEG molecular weight [Robertson et al.
200771. Both of these characteristics can be employed to design
recognizable tags for protein labeling as demonstrated balow.
10
A scheme of the method for detection of tagged proteins using o~
hemolysin nanopores is shown in Fig. 1B. In this scheme, a mixture
of two protein samples labeled with distinct tags is added to the
nanopore-containing chip; the analyte protein is captured on the cis
15 side in the vicinity of the a-hemolysin nanopore via protein-protein
interactions with a bound primary antibody or receptor; after
protein binding and washing, the tags are cleaved off the proteins
according to the nature of the cleavable linker; the cleaved tags
are electrophoretically driven through the pore to produce unigue
20 current blockade signals which are analyzed to guantitatively and
qualitatively determine protein presence. A given tag traversing
the nanopore causes a current blockade signature of characteristic
amplitude and duration, resulting in tag recognition and
quantification. As each blockade event occurs within a millisecond,
25 tens of thousands of tags can be analyzed in a short time, their
counts providing a digital measure of the analytes’ relative

abundance in the samples at the single molecule level.

There are a number of chemical transformations which can be used for
30 protein conjugation with the nanopore tags. Beside the C- or N-
terminus of proteins, other modification sites include lysines and
arginines, which can be modified by treatment with NHS esters or
isothiocyanates, and cysteine thiols modified with maleimides or o-
halo~carbonyl compounds.
35
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In this instance, the amino group on lysines or the thiol group of
cysteines is modified with a c¢leavable linker-attached PEG molecule.
Since most proteins have several lysines, but relatively few
unreacted cysteines, conditions can be optimized for a range of
5 label densities. The linker can be either a chemically or
photochemically cleavable linker that would react with the lysines
or cysteines on proteins and release PECG molecules after cleavage
with tris(2-carboxyethyl)phosphine (TCEP) or with light at 350 nm,
regspectively; released PEG molecules are identified by the current

10 blockade signal on the nanopore.

a) Chemically Cleavable Linkers

An example of synthegis of a chemically cleavable linker is shown in

Fig. 3. The azido-linker (1) [Guo et al. 2008] is reacted with an
15 appropriate size PEG-NHS ester (2) to provide an azido-cleavable

linker-PEG molecule (3). The acid group in (3) is activated with

DSC/DMF to provide the PEG-cleavable linker-NHS ester (4) which is

reacted with the lysine amino group in the protein to provide a

labeled protein similar to (7).

20
Alternatively, compound (4) can be derivatized with functional
groups (maleimides or iodoacetamides) which react efficiently with
the thiol group on cysteine. Thus compound (4), on reaction with
amino-maleimide or iodoacetamide-ethylamine, vyields compounds (5)
25 and (6), respectively. These compounds, upon reaction with the

cysteine thiol group, provide labeled proteins similar in structure
to {(8) and (9), respectively. Upon treatment with TCEP, the azido
linked PEG-protein moleculegs cleave to release PEC molecules of
structure (10), which pass through the nanopore and produce the

30 resulting current blockade signal.

b) Photochemically Cleavable Linkers

Photochemically cleavable linkers are synthesized using similar

methodology as the synthesis of chemically cleavable linkers, except
35 that a nitrobenzyl based linker (11) [Seo et al. 2005] is used as

the starting material, as shown in Fig. 4. Remainder of the
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synthesis scheme is similar to that of chemically cleavable linkers,

and provides photochemically cleavable linkers (13)-({158}. Thesge

linkers, after labeling Ilysines or cysteines on proteins and

photochemical cleavage, provide PEG~linkers similar to structure
5 (16).

Ir. Test Tags For Coupling, Cleavage, And Nanopore Discrimination

Attaching the tags to either streptavidin or to the Fc portion of a
10 rabbit IgG antibody allows use of biotin or anti-rabbit antibodies
as capture agents in later analyses. Gel shift assays are used to
confirm attachment and cleavage of the tags. Different molecular
tags synthesized are evaluated for ability to quantitatively attach
to protein samples and allow subsequent cleavage at high efficiency
15 in order to capture signatures in the nanopore. Based on the
results of these experiments, the best tag-linker configurations are
selected for labeling and detection, or redesigned to improve their

performance, if necessary.

20 In particular, PEG tags of various lengths coupled with protein-
reactive groups via different cleavable linkers are tested for
performance efficlency in coupling and cleavage, as well as for
discrimination of their current blockade signals in a nanopore. The
goal of these experiments is to select the optimal tags with

25 coupling and cleavage chemistries effective for the analyte proteins
and chemically compatible with the nanopore environment and

electronic detection.

To test protein-protein interactions, tag cleavage, and nanopore
30 detection, commercially available streptavidin (Life Technologies)
and polyclonal rabbit IgG (Thermc Fisher Scientific) are used as the
protein analytes. Exclusion of any particular antigen from these
studies gimplifies the analysis. By wusing highly standardized
reactions with primary and secondary antibody interactions instead,
35 the conditions found here can be immediately adapted for full

antigen-antibody sandwich methods.
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PEG tags are attached to the amino group on lysine of the analyte
proteins using standard NHS chemistry, and the optimal conjugation
conditions are determined using protein gel shift assays. The

5 protein labeling extent is found using PEG tags derivatized with
coumarin to allow spectrophotometric detection at 350 nm where
protein absorption of light is low. Several coumarin-PEG derivative
compounds have been successfully synthesized for nanopore blockade
evaluation (Fig. 5).

10

Cleavage reaction conditions are determined in a similar way. Tag-
labeled proteins (streptavidin or rabbit IgG) are treated with TCEP
or, in the case of photocleavable tags, irradiated with near-Uv
light (A~365 nm). Cleavage is evaluated for completion by protein

15 gel shift and spectroscopic measurements.

To evaluate the discrimination of the cleaved tags with the nanopore
the tagged proteins are captured on a solid phase biotin-coated 96-
well plates (Thermo Fisher Scientific) for PEG-tagged streptavidin;
20 and on a solid phase goat-anti-rabbit polyclonal antibody-coated 96-
well plates (Thermo Fisher Scientific) for PEG-tagged rabbit IgG.
Follow by inducing release of the tags and counting of the released
tags in bulk at single molecule level using a solitary a~hemolysin
nanopore patch clamp electrode assembly by dipping the patch clamp
25 directly into the wells of the plate.

Discrimination for four coumarin-PEG derivatives of the sizes of 16,
20, 24, and 36 monomer units is shown in Fig. 6, an 8-second current
trace produced by a mixture of these PEG oligomers transiting the
30 solitary nanopore. A time series data shown on left gide indicates
that when PEG tags enter a single o-hemolysin channel, they cause
current blockades that are characteristic in their duration and
amplitude. On right side, a frequency histogram of the mean current
blockade caused by individual molecules and expressed as ratio of
35 current blocked vs open channel shows baseline resolution with a 10

kHz measurement bandwidth. The colored bars at the top represent
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the 6 o distribution of the data, which suggests that a single tag
could be discriminated with accuracy better than 1 in 300,000

events.

g aAs the analysis of the blockage signals illustrates, data show
excellent discrimination of the selected PEG tags over a 6 o
confidence interval and also demonstrate the speed and accuracy of
the quantitative analysis of the released tags. In particular,
there is a substantial gap between PEG sizes of 24 and 36 ethylene

10 glycol units. Based on this result, one could select different
length PEGs (available commercially from Quanta Biodesign Ltd. or
other suppliers) and monitor their nanopore blockade signals for
additional tags within this molecular size range that retain a
similar level of discrimination.

15
Noteworthy as well is the remarkably low expected noise originating
from the trangit of non-tag molecules through the nanopore dus to
the high selectivity of the nanopore aperture. Majority of the
polymers, including proteins, are incapable of entering the pore,

20 and the smaller molecules produce barely detectable blockage of the
pore. Thus, rational chemical design of cleavable linkers and
selection of appropriate PEG polymers generate a gseries of optimal

tags suitable for discrimination of multiplex samples using

nanopore.
25
ITT. Multiplex Quantification Of Protein Samples Labeled With
Different Tags Using Nanopores
30

A library of PEG tags that yield distinct nanopore signals is used
to test the multiplex gquantification scheme by capturing protein
samples labeled with different tags using ligands or antibodies.
Sensitivity and dynamic range of the nanopore detection method is
35 also determined and compared with fluorescent and colorimetric

detection.
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Sample multiplexing can also be accomplished by binding such a
library of tags that vield distinct nanopore signals to the same
protein derived from different samples, different individuals, or
5 different samples or individuals before, during and following some
change, treatment or perturbation. aAgain, as for protein
multiplexing, sensitivity and dynanmic range can be determined and

compared with fluorescent and colorimetric methods.

10 The experiments involve selecting a series of well discriminated
tags, attaching the tags to streptavidin (SA) or rabbit antibodies,
mixing the tagged proteins in different ratios, and preparing serial
dilutions of the mixtures. The nanopore tags are also mixed with
Sa-alkaline phosphatase (Thermo Fisher Scientific), SA~AlexaFluor

15 488 {(Life Technologieg) or, in the case of the antibody reaction,
with similarly labeled rabbit IgG antibodies (available from Thermo

Fischer Scientific).

Biotin or anti-rabbit IgG antibodies are attached to the wells of
20 96-well plates to perform the binding and collection of the cleaved
tags for detection in the nanopore. After performing the analyte
capture uging appropriately coated %6-well plates and induce the tag
cleavage, tag gquantification is performed using the patch clamp
technique with a single nanopore and quantitation is performed in

25 the same wells using fluorescent or colorimetric detection.

Comparing the tag counts on the trans side of the nanopore with the
predefined proportiong on the cis side allows evaluation of the
concentration estimation using the nanopore, estimate the dynamic
30 and quantitative (free of Poisson noise) range of the method in the
presence of different tags, and directly compare them with the
sensitivity and the performance of other non-nanopore based methods,

which also serve as internal controls for analyte capture.

35 Mixtures of proteins with different tags are detected in the

expected ratios. Differences in tag-labeling efficiencies



WO 2014/144898 PCT/US2014/029495

- 35 -

associated with variations in amino acid compositions anmong
different antigens do not present an obstacle for the guantification
because differences in the number of tags coupled with each antigen
type can be inferred from their amino acid sequence, verified

5 experimentally, and corrected in downstream analysis.

IV. Detection of Molecular Interactions

Figure 7 illustrates detection of molecular interactions, using an
10 antibody and antigen interaction as an example, with nanopores and
tags. As shown in Figure 7(A), an analyte consists of a target
protein conjugated with a reporter tag (e.g., an antigen, antibody,
protein A, or other molecule). When the tagged analyte binds to the
antibody immobilized on the top of the nanopore, the tag which has
15 been designed to have a positive charge will enter the nanopore,
cauging a unigue electrical current blockade, which can be used to
identify the target molecules. As shown in Figure 7(B), an analyte
also could consist of a target protein conjugated with a reporter
tag (e.g., an antigen, antibody, protein A, or other molecule)
20 through a cleavable linker. When the tagged analyte binds to the
antibody immobilized on the top of the nanopore, upon cleavage of
the linker, the tag which has been designed to have a positive
charge will pass through the nanopore, causing a unique electrical
current blockade, which can be used to identify the target

25  molecules.

Discussion

The explosive development of massively parallel nucleic acid
30 sequencing and guantification methodology and associated cost
reductions during the last decade have revolutionized mutation and
polymorphism detection, transcriptional regulation of gene
expression, and numerous other genome scale studies. Indeed, the
high-throughput nature of these technologies has created entire new
35 disciplines in functional genomics and systems biology. However,

analysis of gene regulation at the level of protein synthesis, like
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proteomics in general, lags behind nucleic acid analysis in its
throughput, sensitivity and automation. Among the major
complications in developing high throughput proteomics are
relatively jelelose stability of proteing as analytes, high
5 heterogeneity of protein analytes, and the requirement for a much

wider dynamic range of detection with increased demand for
sengitivity approaching the single molecule detection level. This
need 1is not easily met by existing technologies which use
fluorescent or colorimetric measurements.

10
Building on the success of recent work on developing nanopore-based
DNA sequencing, a technigue for multiplex digital protein detection
and quantification using PEG-tagged proteins and nanopore array
detection is developed. In an example of this approach, a specific

15 antibody is covalently attached in the vicinity of a nanopore.
Analyte proteins from different samples are labeled with cleavable
tags that produce a distinct current blockade signal in the o-
hemolysin nanopore. After capture of the tagged protein samples by
the antibodies, the tags are cleaved off the proteins and identified

20 at the single molecule level electronically as they traverse the
nanopore. The advantage of this approach is generation of a digital
output for the protein quantification with single molecule detection
capability; by setting arbitrary upper detection limits, the
technigque permits characterization of either a wide range of protein

25 concentrations or discrimination of very small changes in protein
levels. Thus, the technique has scalability and miniaturization
comparable to the most advanced current single molecule genomic
methods. The nanopore detection technique based on cleavable
molecular tags addresses shortcomings of existing protein arrays

30 approach, which is based on antibody interaction with fluorescently
labeled antigens or secondary antibodies. While there are currently
several applications of nanopore-based analytics, application of
nanopore for quantification of protein-protein interactions with
multiplex tags 1is novel.

35
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These experiments elucidate major parameters for this protein
detection method, estimate the method’s sensitivity, and define
operational conditions utilizing a library of cleavable molecular
tags and a single w-hemolysin nanopore. The detection system use a
5 streptavidin-biotin system and a sandwich antibody detection scheme
in which the primary antibody is attached to a surface and the
cleavable poly{ethylene glycol) (PEG) tag is attached to the antigen
(or to a secondary antibody for more efficient multi-nanopore
arrays). Result obtained with this method is compared with result

10 of ELISAs with fluorescent and colorimetric detection.

Developed based on existing method using nanopores and cleavable
tags for DNA sequencing, this protein detection method consists of
(1) labeling protein analytes, antigens or secondary antibodies with
15 photocleavable or chemically cleavable tags; (2) reacting the
resulting molecules with nancpore arrays in which antibodies
specific to each protein analyte are associated with specific
individual nanopores; and (3) after binding and washing, cleaving
the tags and identifying them during their traversal of the adjacent
20 nanopore. Different tags producing distinct current blockade
signatures define the sample source, while registering the number of
blockade events quantifies the number of tags of each type
transiting the nanopore. All other assay components either do not
enter the nanopores and/or are washed away between assay steps.
25
The three steps outlined above: cleavable tag design, capture of
tagged protein samples, and detection using electronic
identification of cleaved tags at single molecule resolution with a
nanopore, bring the analysis to the nanoscale while at the same time
30 permitting scale-up of the overall throughput for simplified whole-

proteome qguantitation.

This protein detection method has significant advantages over
current fluorescent antibody-based proteomics arrays and may form a
35 basis for creating protein detection sensors with the advantages of

traditional semiconductor technologies using nanopore-based sensor
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arrays using inexpensive and highly scalable standardized

semiconductor technologies being developed.

Additionally, regardless of the type of tag, an important aspect of

5 this method involves labeling different compounds with tags having
distinguishable current blockade signatures generated as result of

the tags traverse the nanopore. This differs substantially from
existing protein detection system in which an aptamer binds to a
protein to form a complex in solution on the cig side of a nanopore,

10 where the complex are attracted to the nanopore by the aptamer, and
generates a two-step blockade current, first due to the aptamer
entering the pore and the second due to the protein which blocks but
does not enter the pore and is subsequently cleaved to allow the
next aptamer to enter. The existing process requires measuring, and

15 account for, current blockade signatures for unbound aptamer and

aptamer-free protein in any guantitative measurement schemes.

This approach generates a digital output for the protein
quantification with near-single molecule per <cell detection
20 capability. By setting arbitrary upper detection 1limits, the
technique permits characterization of a wide range of protein
concentrations or discrimination of wvery small changes in protein
abundance. The technigue has scalability and miniaturization
comparable to the most advanced current single molecule genomic
25 methods (e.g., direct RNA-Seq). Eventually, the approach can be
adopted to use nanopore arrays capable of characterizing hundreds to
thousands of proteins at once from multiple tissues at the single-
molecule level rapidly and at low cost, and follow changes in these
proteins during different pathological states.
30
These experiments establish the method and exploring its range of
performance. Once established, the method can be applied ag a
detection method of choice with existing protein microarrays and for
other proteomics methods where demands for single molecule detection
35 and a simplified electronic readout are high. Potential obstacles

inherent to proteomics beyond detection, such as differences in
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labeling extent and variable affinities, can be overcome using more
reliable and uniform binding counterparts such as aptamers or
affibodies, build experimentally based correction methods for
differences in labeling, design secondary detection methods, and

5 more elaborate sandwich schemes to enhance sensitivity. This method
has advantages over fluorescent and colorimetric detection in that

it uses standard semiconductor arrays with digital rather than
analog detection output permitting counting of events at the single
molaecule level. It has virtually unrestricted dynamic range, low

10 cost, and high scalability from detection of a handful of specific
proteins to whole proteome analysis. This method is also capable of
complementing, at the level of proteomics, the advances in high
throughput DNA and RNA techniques in such diverse areas of analysis

as translational regulation of gene expression, immune response

15 biomarker identification, protein-protein interaction profiling,
tranglational regulation by miRNAg, and non-PCR methods for

detection of pathogens.
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WHAT I8 CLAIMED I85:

1. A method for detecting the presence of a plurality of
predetermined compceunds in a sample which comprises:

(a) contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag molety comprises at
least one detectable component, under conditions
permitting the tag moieties to attach to each of the
predetermined compounds present in the sample to form
detectably tagged predetermined compounds, wherein each
tag moiety uniquely attaches to one of the predetermined
compounds present in the sample and is distinguishable
from any tag moiety attached to any other predetermined
compound present in the sample;

(b) treating the sample from step (a) to form an electrolyte
sclution containing the detectably tagged predetermined
compounds;

() contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably
tagged predetermined compounds present in the electrolyte
solution, wunder conditions such that the detectably
tagged predetermined compounds bind to said at least one
nanopore;

{d) treating the detectably tagged predetermined compounds
bound to said at least one nanopore so as to separate the
tag moieties from the predetermined compounds; and

(e) detecting said at least one detectable component of each
of the tag moieties so released as the tag moieties pass
through said at least one nanopore 80 as to thereby
detecting the presence of the plurality of predetermined

compounds in the sample.

2. A method for detecting the presence of a plurality of

predetermined compounds in a sample which comprises:
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{a) contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag moliety comprises at
least one detectable component, under conditions
permitting the tag moieties to attach to each of the
predetermined compounds present in the sample to form
detectably tagged predetermined compounds, wherein each
tag molety uniquely attaches to one of the predetermined
compounds present in the sample and is distinguishable
from any tag moiety attached to any other predetermined
compound present in the sample;

(b) treating the sample from step (a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds ;

(c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably
tagged predetermined compounds present in the electrolyte
solution, wunder conditions such that the detectably
tagged predetermined compounds bind to said at least one
nanopore, and wherein each of the tag moieties of said
bound detectably tagged predetermined compounds localizes
within said at least one nanopore;

(d) detecting said at least one detectable component of each
of the tag moieties with said at least one naneopore so as
to thereby detecting the presence of the plurality of

predetermined compounds in the sample.

A method for determining the gquantity of each of a plurality

of predetermined compounds in a sample which comprises:

{a) contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag moiety comprises at
least one detectable component, under conditions
permitting the tag moieties to attach to each of the
predetermined compounds present in the sample to form
detectably tagged predetermined compounds, wherein each

tag molety uniquely attaches to one of the predetermined
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compounds present in the sample and is distinguishable
from any tag moiety attached to any other predetermined
compound present in the sample;

(b) treating the sample from step (a) to form an electrolyte
solution containing the detectably tagged predetermined
compounds;

{c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably
tagged predetermined compounds present in the electrolyte
solution, wunder conditions such that the detectably
tagged predetermined compounds bind to said at least one
nanopore;

(d) treating the detectably tagged predetermined compounds
bound to said at least one nanopore so as to separate the
tag moieties from the predetermined compounds;

{e) determining the amount of said at least one detectable
component of each of the tag moieties so released as the
tag moieties pass through said at least one nanopore; and

(£} determining, from the amounts of said detectable
components determined in step (e), the quantity of each
of the plurality of predetermined compounds present in

the sample.

4. A method for determining the guantity of each of a plurality
of predetermined compounds in a sample which comprises:

{a} contacting the sample with a plurality of detectable tag
moieties, wherein each detectable tag moiety comprises at
least one detectable component, under conditions
permitting the tag moieties to attach to each of the
predetermined compounds present in the sample to form
detectably tagged predetermined compounds, wherein each
tag moiety uniquely attaches to one of the predetermined
compounds present in the sample and is distinguishable
from any tag moiety attached to any other predetermined

compound present in the sample;
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(b) treating the sample from step (a) to form an electrolyte
gsolution containing the detectably tagged predetermined
compounds ;

(c) contacting the electrolyte solution from step (b} with at
least one nanopore, wherein said at least one nanopore
comprises a means for binding each of the detectably
tagged predetermined compounds present in the electrolyte
solution, under conditions such that the detectably
tagged predetermined compounds bind to said at least one
nanopore, and wherein each of the tag moieties of said
bound detectably tagged predetermined compounds localizes
within said at least one nanopore;

{d) determining the amount of said at least one detectable
component of each of the tag moieties with said at least
one nanopore; and

{e) determining, from the amounts of said detectable
components determined in step (d), the guantity of each
of the plurality of predetermined compounds present in

the sample.

5. The method of any one of claims 1-4, further comprising a
washing step to remove any detectably tagged predetermined
compound which is not bound to said at least one nanopore

prior to step (d).

6. The method of any one of claimg 1-5, wherein the predetermined

compound is a protein.

7. The method of claim 6, wherein the protein is an antibody.

8. The method of any one of claims 1-5, wherein the predetermined

compound is non-proteinaceous.

9. The method of any one of claims 1-8, wherein at least one of
said tag  Tmoieties comprises more than one detectable

component .



WO 2014/144898 PCT/US2014/029495

- 46 -

10. The method of any one of claims 1-9, wherein each detectable

compornent is independently detectable.

11. The method of any one of claims 1-10, wherein each of said at
least one detectable component of said tag moieties is
selected from the group consisting of ethylene glycol, an
amino acid, a carbohydrate, a peptide, a dye, a fluorescent
compound, a chemilluminiscent compound, & mononuclectide, a
dinucleotide, a trinucleotide, a tetranucleotide, a
pentanucleotide, a hexanucleotide, a polynucleotide, a
nucleotide monophopshate, El nucleotide diphosphate, a
nucleotide polyphosphate, an aliphatic acid, an aromatic acid,
an unsubstituted alcohol or thiol, an alecohol or a thiocl
substituted with one or more halogens, a c¢yano group, a nitro
group, an alkyl group, an alkenyl group, an alkynyl group, and

an azido group.

12. The method of any one of claims 1-11, wherein said at least
one detectable component of said tag moieties comprises a

maltiplicity of ethylene glycol units.

13. The method of any one of c¢laims 1-12, wherein said
multiplicity of ethylene glycol units comprises 16, 20, 24, or
36 ethylene glycol units.

14. The method of any one of claims 1-13, wherein at least one of
said tag moieties attaches to the predetermined compound via a

cleavable linker.

15. The method of claim 14, wherein the cleavable linker is a

photocleavable linker.

16. The method of c¢laim 14, wherein the c¢leavable linker is a

chemically cleavable linker.
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17. The method of any one of claims 1-16, wherein at least one of
the predetermined compounds present in the sample is a protein
and at least one of sald tag moieties attaches to the carboxy

or amino terminus of said protein.

18. The method of any one of claims 1-17, wherein at least one of
the predetermined compounds present in the sample is a protein
and at least one of said tag moieties attaches to a lysine, an

arginine, or a cysteine residue of said protein.

19. The method of any one of c¢laims 1-18, wherein said at least
one nancopore is a biological nanopore, a modified biological

nanopore, or a synthetic nanopore.

20. The method of claim 19, wherein said at least one nanopore is

proteinaceous.

21. The method of any one of claims 1-20, wherein said at least

one nanopore 1ig an alpha hemolysin {(a~hemolysin}.

22. The method of any one of claimg 1-18, wherein said at least

one nanopore is a solid-state nanopore.

23. The method of c¢laim 22, wherein the solid-state nanopore

comprises graphene.

24. The method of any one of claims 1-23, wherein said at least

one nanopore is in a membrane.

25. The method of any one of c¢laims 1-24, wherein said at least

one nanopore is part of an array of nanopores.

26. The method of claim 25, wherein each nanopore in said array
comprises identical means for binding the detectably tagged

predetermined compounds.
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27, The method of claim 25, wherein each nanopore in said array
comprises different means for binding the detectably tagged

predetermined compounds.

28, The methond of any one of claims 1-27., wherein the means for

binding the detectably tagged predetermined compounds is a

protein.
29. The method of claim 28, wherein the protein is an antibody.
30. The method of any one of claim 1-27, wherein the means for

binding the detectably tagged predetermined compounds is non-

proteinceous.

31. The method of any one of claims 1-30, wherein each tag molety
is distinguishable from any other tag moiety based on blockade
signature of said tag molety detectable with said at least one

nanopore.

32. The method of c¢laim 31, wherein the blockade signature is
result of a change in current amplitude of sald at least one

nanopore.

33. The method of c¢laim 31, wherein the blockade signature is
result of a change in conductance of gaid at least one

nanopore.

34. The method of any one of claims 1-33, wherein said at least
one nanopore further comprising a means for ejecting said tag

moiety from the nanopore.

35, A method for detecting interaction of at least two
predetermined compounds which comprises:

(a) contacting at least a first predetermined compound

present in a sample with a detectable tag moiety, wherein

the detectable tag molety comprises at least one
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detectable component, under conditions permitting the tag
moiety to attach to the predetermined compound present in
the sample to form a detectably tagged predetermined
compound ;

(b) treating the sample from step (a) to form an electrolyte

solution containing the detectably tagged predetermined

compounds ;
(c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein at least a sacond

predetermined compound is immobilized on said at least
one nanopore, under conditions permitting the binding of
the detectably tagged predetermined compound with the
second predetermined compound;

{d}) treating the detectably tagged predetermined compound
bound to sald at least one nanopore so as to separate the
tag moiety from the predetermined compound; and

(e) detecting said at least one detectable component of the
tag moiety so released as the tag molety passes through
zald at least one nanopore so as to thereby detecting the

interaction of the predetermined compounds.

36. A method for detecting interaction of at least two
predetermined compounds which comprises:

(a) contacting at least a first predetermined compound
present in a sample with a detectable tag moiety, wherein
the detectable tag moiety comprises at least one
detectable component, under conditions permitting the tag
moiety to attach to the predetermined compound present in
the sample to form a detectably tagged predetermined
compound ;

(b) treating the sample from step {(a) to form an electrolyte
solution containing the detectably tagged predetermined
compound ;

(c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein at least a second

predetermined compound is immobilized on said at least
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one nancpore, under conditions permitting the binding of
the detectably tagged predetermined compound with the
second predetermined compound, and wherein the tag moiety
of said detectably tagged predetermined compound bound to
the second predetermined compound localizes within said
at least one nanopore;

(d) detecting said at least one detectable component of the
tag molety with said at least one nanopore so as to
thereby detecting the interaction of the predetermined

compounds .

37. The method of claim 35 or 36, further comprising a washing
step to remove any detectably tagged predetermined compound
which is not bound to the second predetermined compound prior
to step (d).

38. The method of any one of claims 35-37, wherein at least one of

the predetermined compounds is a protein.
39. The method of claim 38, wherein the protein is an antibody.

40. The method of any one of claims 35-37, wherein at least one of

the predetermined compounds is non-proteinaceous.

41. The method of any one of claims 35-40, wherein said tag moiety

comprises more than one detectable component .

42. The method of any one of claims 35-41, wherein each detectable

component is independently detectable.

43 . The method of any one of claims 35-42, wherein each of said at
least one detectable component of said tag moiety is selected
from the group consisting of ethylene glycol, an amino acid, a
carbohydrate, a peptide, a dye, a fluorescent compound, a
chemilluminiscent compound, a mononucleotide, a dinucleotide,

a trinucleotide, a tetranucleotide, a pentanucleotide, a
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hexanucleotide, a polynucleotide, a nucleotide monophopshate,
a nucleotide diphosphate, a nucleotide polyphosphate, an
aliphatic acid, an aromatic acid, an unsubstituted alcohol or
thiol, an alcchol or a thiol substituted with one or more
halogens, a cyano group, a nitro group, an alkyl group, an

alkenyl group, an alkynyl group, and an azido group.

44 . The method of any one of claims 35-43, wherein said at least
one detectable component of said tag moiety comprises a

multiplicity of ethylene glycol units.

45. The method of any one of c¢laims 35-44, wherein said
multiplicity of ethylene glycol units comprises 16, 20, 24, or
36 ethylene glycol units.

46. The method of any one of claims 35-45, wherein said tag moiety

attaches to the predetermined compound via a cleavable linker.

47 . The method of claim 46, wherein the cleavable linker is a

photocleavable linker.

48. The method of c¢laim 46, wherein the cleavable linker is a

chemically cleavable linker.

49, The method of any one of c¢laims 35-48, wherein the
predetermined compound present in the sample is a protein and
said tag moiety attaches to the carboxy or amino terminus of

said protein.

50. The method of any one of claims 35-49, wherein the
predetermined compound present in the sample is a protein and
said tag moiety attaches to a lysine, an arginine, or a

cysteine residue of said protein.



WO 2014/144898 PCT/US2014/029495

- 52 -

51. The method of any one of claims 35-50, wherein said at least
one nanopore is a biological nanopore, a modified biological

nanopore, or a synthetic nanopore.

52. The method of claim 51, wherein said at least one nancpore is
proteinaceous.
53. The method of any one of claims 35-52, wherein said at least

one nanopore is an alpha hemolysin (c-hemolysin).

54. The method of any one of claimg 35-50, wherein said at least

one nanopore is a solid-state nanopore.

55. The method of claim 54, wherein the golid-state nanopore

comprises graphene.

56. The method of any one of claims 35-55, wherein said at least

one nanopore is in a membrane.

57. The method of any one of claims 35-56, wherein said at least

one nanopore is part of an array of nanopores.

58. The method of claim 57, wherein each nanopore in said array
comprises an identical immobilized second predetermined

compournd.
59. The method of claim 57, wherein each nanopore in said array
comprises a different immobilized second predetermined

compound.

60. The method of any one of claims 35-59, wherein the second

predetermined compound is a protein.

61. The method of claim 60, wherein the protein is an antibody.
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62. The method of any one of claim 35-59, wherein the second

predetermined compound is non-proteincecus.

63. The method of any one of claims 35-62, wherein said tay moiety
produces a blockade signature detectable with said at least

one nanocpore.

64. The method of claim 63, wherein the blockade signature is
result of a change in current amplitude of said at least one

nanopore.

65. The method of claim 63, wherein the blockade signature is
result of a change in conductance of said at least one

nangpore.

656. The method of any one of claims 35~65, wherein said at least
one nanopore further comprising a means for ejecting said tag

moiety from the nanopore.

67, The method of any one of claims 35-66, wherein the sample

comprises a plurality of predetermined compounds.

68. The method of claim 67, wherein in step (a) contacting the
plurality of predetermined compounds present in the sample
with a plurality of detectable tag moieties, under conditions
permitting the tag moieties to attach to each of the
predetermined compounds present in the sample to form
detectably tagged predetermined compounds, wherein each tag
moiety uniguely attaches to one of the predetermined compounds
present in the sample and is distinguishable from any tag
moiety attached to any other predetermined compound present in

the sample.

69. The method of any one of claims 35-68, wherein said at least

one nanopore comprises a plurality of predetermined compounds
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capable of binding to the plurality of detectably tagged

predetermined compounds present in the sample.

T0. The method of any one of c¢laims 1-68, wherein the means for
ejecting said tag moiety from the nanopore consisting of a

meansg to adjust electric field of said nanopore.

71. A detectable tag moiety for use in the method of any one of
claims 1-70 which comprises a protein reactive group, at least
one detectable component, and a linker connecting the protein

reactive group and the at least one detectable component.

72. The tag moiety of claim 71, wherein the linker is a cleavable
linker.
73. The tag moiety of claim 72, wherein the cleavable linker is a

photocleavable linker.

74. The tag moiety of claim 72, wherein the cleavable linker is a

chemically cleavable linker.

75. The tag moiety of any one of claims 71-74, wherein the at one
detectable component is selected from the group consisting of
ethylene glycol, an amino acid, a carbohydrate, a peptide, a
dye, a fluorescent compound, a chemilluminiscent compound, a
mononucleotide, a dinucleotide, a trinucleotide, a
tetranucleotide, a pentanucleotide, a hexanucleotide, a
polynucleotide, a nucleotide monophopshate, a nucleotide
diphosphate, a nucleotide polyphosphate, an aliphatic acid, an
aromatic acid, an unsubstituted alcohol or thiol, an alcohol
or a thiol substituted with one or more halogens, a cyano
group, a nitro group, an alkyl group, an alkenyl group, an

alkynyl group, and an azido group.
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76. A method for detecting the presence of a plurality of

predeternined compounds in a plurality of samples, comprising:

{a) contacting each sample with a nanopore-detectable tag molety,
under conditions permitting the tag moiety to attach to the
plurality of predetermined compounds present in the sample to
form detectably tagged predetermined compounds for that
sample, which are distinguishable from any nanopore-detectable
tag moiety attached to similar predetermined compounds from
any other sample;

{b) mixing the resulting tagged compounds from the plurality of
samples from step (a) and treating them in such a way as to
form an electrolyte solution containing the set of detectably
and distinguishably tagged predetermined compounds;

(c) contacting the electrolyte solution from step (b) with at
least one nanopore, wherein said at least one nanopore
comprises a means for specific analyte moiety binding to each
of the detectably tagged predetermined compounds in the
electrolyte solution, under conditions such that the
detectably tagged predetermined compounds bind to said at
least one nanopore;

(d) treating the detectably tagged predetermined compounds bound
to said at least one nanopore so as bto separate the tag
moieties from the predetermined compounds; and

(e) detecting said at least one detectable component of each of
the tag moieties so released as the tag moieties pass through
said at least one nanopore so as to thereby detect the
presence of the plurality of predetermined compounds in the

plurality of samples.
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