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METHODS, COMPOSITIONS, AND KITS FOR ASSAY SIGNAL AMPLIFICATION

FIELD OF THE INVENTION
[0001] The invention relates to methods, compositions, and kits for assay signal amplification.
Also provided herein is a signal amplification reagent, wherein the signal amplification reagent is

an antibody or antigen-binding fragment thereof.

BACKGROUND
[0002] Immunoassays, e.g., sandwich immunoassays, are commonly used to detect analytes in a
sample. Typical immunoassays often are not sensitive enough to accurately detect low abundance
analytes in a sample, or the assay instrument itself is limited in detecting low signal levels.
Methods to improve assay sensitivity often involve complex optimization procedures, which can
be a time- and labor-intensive process. Moreover, the optimized assays can require longer run

times and/or complicated analysis methods.

SUMMARY OF THE INVENTION
[0003] In embodiments, the invention provides a method of detecting an analyte of interest in a
sample, comprising:

(a) contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an electrochemiluminescent (ECL) label, and (B) the analyte of interest, with:
(I) asignal amplification reagent that specifically binds to the first detectable label and that
comprises a binding moiety, and (II) a detectable moiety comprising (1) a binding partner of the
binding moiety and (2) one or more of a second detectable label; and (b) measuring (I) the second
detectable label or (IT) the first and second detectable labels, thereby detecting the analyte of
interest;

or

(c) contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an ECL label, and (B) the analyte of interest, with: (I) a signal amplification
reagent that specifically binds to the first detectable label and that comprises an enzyme, and (IT) a
substrate of the enzyme; and (d) measuring enzyme activity, thereby detecting the analyte of
interest;

or

(e) contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an ECL label, and (B) the analyte of interest, with a signal amplification reagent
that specifically binds to the first detectable label and that optionally comprises a second
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detectable label; and (f) measuring (I) the first detectable label; (II) the second detectable label; or
(IIT) the first and second detectable labels, thereby detecting the analyte of interest;

or

(g) contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an electrochemiluminescent (ECL) label, and (B) the analyte of interest, with a
signal amplification reagent that specifically binds to the first detectable label, wherein the signal
amplification reagent comprises a signal amplification (SA) nucleic acid probe, thereby forming a
second complex comprising the first complex and the signal amplification reagent; (h) extending
the nucleic acid probe to form an extended sequence; and (i) measuring the amount of extended
sequence, thereby detecting the analyte of interest. In embodiments, the first complex is on a

surface.

[0004] In embodiments, the signal amplification reagent comprises a nucleic acid probe, and the
surface comprises an anchoring reagent immobilized thereon. In embodiments, the signal
amplification reagent comprises a nucleic acid probe, and the method further comprises
immobilizing an anchoring reagent on the surface. In embodiments, the anchoring reagent is
immobilized on the surface prior to or during step (h) of the method. In embodiments, the
anchoring reagent binds to an anchoring region of the extended sequence, and the measuring
comprises measuring the amount of extended sequence bound to the surface via the anchoring
reagent.

[0005] In embodiments, the invention provides a kit for detecting an analyte of interest in a
sample comprising, in one or more vials, containers, or compartments: (a) a capture reagent that
specifically binds to the analyte; (b) a detection reagent that specifically binds to the analyte,
wherein the detection reagent comprises a first detectable label, wherein the first detectable label is
an ECL label; and (c) a signal amplification reagent that specifically binds to the first detectable

label. In embodiments, the kit further comprises a surface.

[0006] In embodiments, the invention provides a method of detecting an analyte of interest in a
sample, comprising (a) forming a first complex on a surface comprising the analyte of interest; a
capture reagent that specifically binds to the analyte, wherein the capture reagent is immobilized
on the surface or wherein the capture reagent is capable of being immobilized to the surface; and a
detection reagent that specifically binds to the analyte and that comprises a first nucleic acid
probe; (b) extending the first nucleic acid probe to form a first extended sequence comprising a
first anchoring region, wherein the first anchoring region binds a first anchoring reagent that is
immobilized on the surface; (c¢) binding the first extended sequence to a first labeled probe

comprising a first detectable label, wherein the first detectable label is an ECL label; and:
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(d) contacting the first labeled probe bound to the first extended sequence with: (I) a
signal amplification reagent that specifically binds to the first detectable label and that comprises a
binding moiety, and (IT) a detectable moiety comprising (1) a binding partner of the binding
moiety and (2) one or more of a second detectable label; and (e) measuring (I) the second
detectable label or (IT) the first and second detectable labels on the surface, thereby detecting the
analyte of interest;

or

(f) contacting the first labeled probe bound to the first extended sequence with: (I) a
signal amplification reagent that specifically binds to the first detectable label and that comprises
an enzyme, and (II) a substrate of the enzyme; and (g) measuring enzyme activity, thereby
detecting the analyte of interest;

or

(h) contacting the first labeled probe bound to the first extended sequence with a signal
amplification reagent that specifically binds to the first detectable label and that optionally
comprises a second detectable label; and (i) measuring (I) the first detectable label; (II) the second
detectable label; or (III) the first and second detectable labels, thereby detecting the analyte of
interest;

or

(j) contacting the first labeled probe bound to the first extended sequence with a signal
amplification reagent that specifically binds to the first detectable label, wherein the signal
amplification reagent comprises a second nucleic acid probe, thereby forming a second complex
comprising the signal amplification reagent and the first labeled probe; (k) extending the second
nucleic acid probe to form a second extended sequence comprising a second anchoring region,
wherein the second anchoring region binds a second anchoring reagent that is immobilized on the
surface; and; (1) measuring the amount of (I) the second extended sequence or (II) the first
extended sequence and the second extended sequence bound to the surface, thereby detecting the

analyte of interest.

[0007] In embodiments, the invention provides a kit for detecting an analyte of interest in a
sample comprising, in one or more vials, containers, or compartments: (a) a capture reagent that
specifically binds to the analyte; (b) a detection reagent that specifically binds to the analyte,
wherein the detection reagent comprises a first nucleic acid probe; (c) a first labeled probe
comprising a first detectable label, wherein the first detectable label is an ECL label; and (d) a
signal amplification reagent that specifically binds to the first detectable label. In embodiments,

the kit further comprises a surface.
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[0008] In embodiments, the invention provides an antibody or antigen-binding fragment thereof

comprising an antigen binding domain specific to an ECL label.

[0009] In embodiments, the invention provides an antibody or antigen-binding fragment thereof

comprising an antigen binding domain specific to: the ECL label and a conjugation linker.

[0010] In embodiments, the invention provides a composition comprising: (a) an antibody or
antigen-binding fragment thereof provided herein, wherein the antibody or antigen-binding
fragment thereof comprises a nucleic acid probe; and (b) a template oligonucleotide that is capable
of binding to the nucleic acid probe. In embodiments, the invention provides a kit comprising an
antibody or antigen-binding fragment provided herein, wherein the antibody or antigen-binding
fragment thereof comprises a nucleic acid probe. In embodiments, the kit further comprises (i) a
template oligonucleotide that is capable of binding to the nucleic acid probe, and (ii) a labeled
probe comprising a detectable label, wherein the detectable label is an ECL label. In embodiments,
the template oligonucleotide is a circular oligonucleotide template. In embodiments, the kit further
comprises (iil) an anchoring reagent. In embodiments, the kit further comprises a nucleic acid

amplification enzyme (e.g., a polymerase), a surface, a capture reagent, and/or a detection reagent.

[0011] In embodiments, the invention provides a composition comprising: (a) an antibody or
antigen-binding fragment thereof provided herein, wherein the antibody or antigen-binding
fragment thereof comprises an enzyme; and (b) a substrate of the enzyme. In embodiments, the
invention provides a kit comprising the antibody or antigen-binding fragment provided herein,

wherein the antibody or antigen-binding fragment thereof comprises an enzyme.

[0012] In embodiments, the invention provides a composition comprising an antibody or
antigen-binding fragment thereof provided herein, wherein the antibody or antigen-binding
fragment thereof comprises a detectable label. In embodiments, the invention provides a kit
comprising the antibody or antigen-binding fragment provided herein, wherein the antibody or
antigen-binding fragment thereof comprises a detectable label.

[0013] In embodiments, the invention provides a composition comprising: (a) an antibody or
antigen-binding fragment thereof provided herein, wherein the antibody or antigen-binding
fragment thereof comprises a binding moiety; and (b) a detectable moiety comprising (i) a binding
partner of the binding moiety and (ii) one or more detectable labels. In embodiments, the invention
provides a kit comprising the antibody or antigen-binding fragment provided herein, wherein the
antibody or antigen-binding fragment thereof comprises a binding moiety.

[0014] In embodiments, the invention provides an assay system comprising: at least one
memory unit; at least one processing unit programmed according to instructions on the at least one

memory unit; and at least one assay system component configured to be controlled by the at least



WO 2023/278293 PCT/US2022/035068

one processing unit, wherein the at least one processing unit is configured to: control the at least
one assay system component to perform one or both of: a first measurement of a higher abundance
analyte in a sample; and a second measurement of a lower abundance analyte in the sample,
wherein the higher abundance analyte is present in the sample at approximately 10 to 100000
higher-fold than the lower abundance analyte, wherein the higher abundance analyte is detected
using a detection reagent comprising an ECL label, and wherein the lower abundance analyte is
detected using (i) a detection reagent comprising an ECL label and (ii) a signal amplification

reagent that specifically binds to the ECL label.

[0015] In embodiments, the invention provides one or more non-transitory computer-readable
media having instructions stored thereon that, when executed by at least one processing unit, cause
the at least one processing unit to: perform, via control of an assay system, one or both of: a first
measurement of a higher abundance analyte in a sample; and a second measurement of a lower
abundance analyte in the sample, wherein the higher abundance analyte is present in the sample at
approximately 10 to 100000 higher-fold than the lower abundance analyte, wherein the higher
abundance analyte is detected using a detection reagent comprising an ECL label, and wherein the
lower abundance analyte is detected using (i) a detection reagent comprising an ECL label and (i1)

a signal amplification reagent that specifically binds to the ECL label.

[0016] In embodiments, the invention provides an assay system comprising: at least one
memory unit; at least one processing unit programmed according to instructions on the at least one
memory unit; and at least one assay system component configured to be controlled by the at least
one processing unit, wherein the at least one processing unit is configured to: control the at least
one assay system component to perform a measurement of an analyte in a sample, wherein the
analyte is capable of being detected in the sample when present at a concentration within 0.0001 to

100000 pg/mL using a single detection reagent comprising an ECL label.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The following drawings form part of the present specification and are included to further

demonstrate exemplary embodiments of certain aspects of the present invention.

[0018] FIGS. 1A-1D illustrate embodiments of the methods described herein. In FIG. 1A, a first
complex comprising a capture reagent, an analyte, and a detection reagent with multiple first
detectable labels is formed on a surface. The capture reagent is immobilized to the surface via the
binding of the targeting agent complement on the capture reagent to the targeting agent on the
surface. A signal amplification reagent comprising a nucleic acid probe ("Sig. Amp. Reagent with
nucleic acid probe") is added to the first complex, thereby forming a second complex. The

detection reagent comprises multiple first detectable labels, allowing multiple signal amplification
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reagents to bind to each detection reagent. In embodiments, the nucleic acid probe of each signal
amplification reagent is amplified using the methods described herein. FIG. 1B shows the second
complex comprising the capture reagent ("CR"), analyte, detection reagent ("DR") comprising the
first detectable label ("15T Label™), and signal amplification reagent ("SAR") comprising the
nucleic acid probe, wherein the nucleic acid probe is extended to form an extended sequence
("extended seq") via a template oligonucleotide ("template oligo"), and a labeled probe is bound to
the extended sequence. FIG. 1C shows a further embodiment wherein the detection reagent
comprises three first detectable labels, each bound to a first signal amplification reagent that
comprises an extended sequence bound to two labeled probes. FIG. 1D shows a further
embodiment in which a detection reagent comprises two first detectable labels, wherein each
detectable label is bound to a signal amplification reagent comprising a nucleic acid probe, and
two template oligonucleotides are hybridized to the two nucleic acid probes, wherein each
template oligonucleotide hybridizes to both nucleic acid probes. In embodiments, the two template

oligonucleotides are capable of being ligated together to form a circular template.

[0019] FIG. 2 illustrates an embodiment of the methods described herein. A first complex
comprising a capture reagent, an analyte, and a detection reagent with multiple first detectable
labels is formed on a surface. Both (1) a signal amplification reagent comprising a binding moiety
and (2) a detectable moiety comprising multiple second detectable labels are added to the first
complex in one or more steps. The detection reagent comprises multiple first detectable labels,
allowing multiple signal amplification reagents to bind to each detection reagent. The detectable
moiety comprising multiple second detectable labels binds to each signal amplification reagent via
the binding moiety(s).

[0020] FIG. 3 illustrates an embodiment of the methods described herein. A first complex
comprising a capture reagent, an analyte, and a detection reagent with multiple first detectable
labels is formed on a surface. The capture reagent is immobilized to the surface via the binding of
the targeting agent complement on the capture reagent to the targeting agent on the surface. Both
(1) a signal amplification reagent comprising an oligonucleotide binding moiety and (2) an
oligonucleotide detectable moiety comprising multiple second detectable labels are added to the
first complex in one or more steps. The detection reagent comprises multiple first detectable
labels, allowing multiple signal amplification reagents to bind to each detection reagent. The
detectable moiety comprising multiple second detectable labels binds to each signal amplification

reagent via the binding moiety(s).

[0021] FIG. 4 illustrates an embodiment of the methods described herein. A first complex

comprising a capture reagent, an analyte, and a detection reagent with multiple first detectable
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labels is formed on a surface. A plurality of signal amplification reagents and detectable moieties
are mixed, wherein each detectable moiety comprises multiple second detectable labels, and
wherein each detectable moiety is capable of binding to multiple binding moieties, thereby
forming a signal amplification complex comprising a plurality of signal amplification reagents and
detectable moieties. The signal amplification complex is then added to the first complex. The
detection reagent comprises multiple first detectable labels, allowing multiple signal amplification
reagents of the signal amplification complex to bind to each detection reagent. The detectable
moiety comprising multiple second detectable labels binds to each signal amplification reagent via
the binding moiety(s).

[0022] FIG. 5 illustrates an embodiment of methods described herein for screening anti-sera and
hybridomas. Goat-anti-mouse (GAM) antibody is immobilized onto a binding domain ("spot") of
an assay plate and binds mouse-generated antibodies in a sample. In assay format 1, BSA-
conjugated MSD SULFO-TAG™ ECL label ("SULFO-TAG") is used to detect antibodies in the
sample that are specific to SULFO-TAG. In assay format 2, unconjugated SULFO-TAG is used to
detect antibodies in the sample that are specific to SULFO-TAG.

[0023] FIG. 6 shows the results of exemplary immunoassays for screening eleven anti-SULFO-
TAG antibody clones as signal amplification reagent. The analytes for the immunoassays were
human ZnT8, human IA-2, human TGM-2, or mouse IL-1b. The measured ECL assay signals for

each anti-SULFO-TAG antibody in each analyte-specific immunoassay are shown.

[0024] FIG. 7 shows the results of an exemplary calibrator titration immunoassay with human
ZnT8 as the analyte using six different anti-SULFO-TAG antibody clones as signal amplification
reagents. The measured ECL signals with seven different concentrations of human ZnT8 calibrator
(numbered as STD 01 to STD 07) and a blank (STD 08) are shown. Hill slope, R squared value,
lowest limit of detection (LLOD), signal-to-background ratio (S/B) for STD 04 (based on STD
04/STD 08 value), and signal-to-noise ratio (S/N) for STD 04 (based on STD 04/STD 08 value)

are shown.

[0025] FIG. 8 shows the results of an exemplary calibrator titration immunoassay with human
TGM-2 as the analyte using six different anti-SULFO-TAG antibody clones as signal
amplification reagents. The measured ECL signals with seven different concentrations of human
TGM-2 calibrator (numbered as STD 01 to STD 07) and a blank (STD 08) are shown. Hill slope,
R squared value, lowest limit of detection (LLOD), signal-to-background ratio (S/B) for STD 04
(based on STD 04/STD 08 value), and signal-to-noise ratio (S/N) for STD 04 (based on STD
04/STD 08 value) are shown.
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[0026] FIG. 9 shows the results of exemplary calibration titration immunoassays using the same
human ZnT8 and TGM-2 calibrators as shown in FIGS. 7 and 8, but the immunoassays were
performed without an anti-SULFO-TAG as signal amplification reagent. The measured ECL
signals, Hill slope, R squared value, lowest limit of detection (LLOD), signal-to-background ratio
(S/B) for STD 04 (based on STD 04/STD 08 value), and signal-to-noise ratio (S/N) for STD 04
(based on STD 04/STD 08 value) are shown.

[0027] FIG. 10 shows the results of exemplary calibrator titration immunoassay with mouse IL-
23 as the analyte using six different anti-SULFO-TAG antibody clones as signal amplification
reagents. The measured ECL signals with three different concentrations of mouse I1L-23 calibrator
(numbered as STD 01 to STD 03) and a blank (STD 04) are shown. Hill slope, R squared value,
lowest limit of detection (LLOD), signal-to-background ratio (S/B) for STD 02 (based on STD
02/STD 04 value), and signal-to-noise ratio (S/N) for STD 02 (based on STD 02/STD 04 value)

are shown.

[0028] FIG. 11 shows the results of exemplary calibrator titration immunoassay with mouse IL-
17C as the analyte using six different anti-SULFO-TAG antibody clones as signal amplification
reagents. The measured ECL signals with three different concentrations of mouse IL-17C
calibrator (numbered as STD 01 to STD 03) and a blank (STD 04) are shown. Hill slope, R
squared value, lowest limit of detection (LLOD), signal-to-background ratio (S/B) for STD 02
(based on STD 02/STD 04 value), and signal-to-noise ratio (S/N) for STD 02 (based on STD
02/STD 04 value) are shown.

[0029] FIG. 12 shows the results of exemplary calibration titration immunoassays using the
same mouse 1L-23 and IL-17C calibrators as shown in FIGS. 10 and 11, but the immunoassays
were performed without an anti-SULFO-TAG as signal amplification reagent. The measured ECL
signals and lowest limit of detection (LLOD) are shown.

[0030] FIG. 13 shows the results of exemplary calibrator titration immunoassay with human IL-
10 as the analyte using six different anti-SULFO-TAG antibody clones as signal amplification
reagents. The measured ECL signals with three different concentrations of human IL-10 calibrator
(numbered as STD 01 to STD 03) and a blank (STD 04) are shown. Hill slope, R squared value,
lowest limit of detection (LLOD), signal-to-background ratio (S/B) for STD 02 (based on STD
02/STD 04 value), and signal-to-noise ratio (S/N) for STD 02 (based on STD 02/STD 04 value)

are shown.

[0031] FIG. 14 shows the results of exemplary calibration titration immunoassays using the

same human IL-10 calibrators as shown in FIG. 13, but the immunoassays were performed
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without an anti-SULFO-TAG as signal amplification reagent. The measured ECL signals and

lowest limit of detection (LLOD) are shown.

[0032] FIG. 15 illustrates an embodiment of the methods described herein. A first complex
comprising a capture reagent, an analyte, and a detection reagent with a first nucleic acid probe is
formed on a surface. The first nucleic acid probe is extended (" Amplification 1") to form a first
extended sequence. A plurality of first labeled probes, each comprising a first detectable label,
binds to the first extended sequence. Multiple signal amplification reagents, each comprising a
second nucleic acid probe, bind to the first detectable labels. Each of the second nucleic acid
probes is extended (" Amplification 2") to form a second extended sequence. One or more second

labeled probes, each comprising a second detectable label, binds to the second extended sequence.

[0033] FIGS. 16A-16C show the results of exemplary assays performed to measure the signal
inhibition and signal enhancement of the anti-SULFO-TAG antibody clones shown in FIG. 6.
FIG. 16A shows the percent (%) signal inhibition and % signal increase for each of the anti-
SULFO-TAG antibody clones. FIG. 16B shows a bar graph plot of the % signal inhibition for
each of the antibody clones. FIG. 16B shows a bar graph plot of the % signal increase for each of

the antibody clones.

[0034] FIG. 17 shows an embodiment of the methods described herein. A first complex
comprising a capture reagent, an analyte, and a detection reagent with a first detectable label is on
asurface. A signal amplification reagent comprising an enzyme and enzyme substrate are added to
the first complex in one or more steps. The enzyme acts upon the substrate to produce a detectable
signal.

[0035] FIG. 18A shows exemplary organometallic Ru?* compounds ("TAG compounds") with
varying numbers of sulfomethyl-bipyridine ("SM"), bipyridine ("Bpy"), or acid ("A") ligands.
FIG. 18B shows the ECL generation ability from the exemplary TAG compounds.

[0036] FIG. 19 shows the results of exemplary binding assays with TAG the compounds shown
in FIG. 18A and the anti-SULFO-TAG antibody clones described in Example 4. ECL signal from
the anti-SULFO-TAG antibodies were measured, with higher signal indicative of stronger binding
affinity. The inset at the right shows antibody binding to the Ru*?(Bpy)s compound at higher
concentration (from 10 to 1000 nM).

[0037] FIG. 20 shows the results of exemplary competitive binding assays between the TAG
compounds shown in FIG. 18A and the SM, Bpy, or A ligands shown in FIG. 18A, with the anti-
SULFO-TAG antibody clones described in Example 4. The graphs show the remaining ECL
signal after anti-SULFO-TAG antibodies were exposed to 2 uM of each ligand, then varying

concentrations of each of the TAG compounds. Lower ECL signal is indicative of stronger
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binding affinity to a particular ligand. The three panels in the right-most column show ECL signals
from exposing the anti-SULFO-TAG antibody clones to 10 nM of the TAG compounds alone
(without ligands).

[0038] FIG. 21 shows exemplary organometallic Ru?" compounds that contain different charged

functional groups as substituents on the bipyridine ligands.

[0039] FIGS. 22A-22D show embodiments of the methods described herein. In each of FIGS.
22A-22D, a complex comprises a capture reagent ("CR"), an analyte, a first detection reagent
("15T DR") comprising a first detectable label ("15T Label"), a second detection reagent ("2~P
DR") comprising a first detectable label, a signal amplification reagent ("SAR") that binds
simultaneously to the first detectable label on the first detection reagent and the first detectable
label on the second detection reagent. In FIG. 22A, the signal amplification reagent is depicted
without any other component. The components as labeled in FIG. 22A are the same as for FIGS.
22B-22D. In FIG. 22B, the signal amplification reagent comprises a binding moiety that binds to a
detectable moiety comprising a binding partner of the binding moiety and a second detectable
label as described herein. In FIG. 22C, the signal amplification reagent comprises a second
detectable label as described herein. In FIG. 22D, the signal amplification reagent comprises a

nucleic acid probe, which is extended via a template oligonucleotide to form an extended sequence

that binds to one or more labeled probes comprising a second detectable label, as described herein.

DETAILED DESCRIPTION OF THE INVENTION
[0040] Unless otherwise defined herein, scientific and technical terms used in the present
disclosure shall have the meanings that are commonly understood by one of ordinary skill in the
art. Further, unless otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular. The articles "a" and "an" are used herein to refer to one or
to more than one (i.e., to at least one) of the grammatical object of the article. By way of example,

"an element" means one element or more than one element.

[0041] The use of the term "or" in the claims is used to mean "and/or," unless explicitly
indicated to refer only to alternatives or the alternatives are mutually exclusive, although the

disclosure supports a definition that refers to only alternatives and "and/or."

[0042] As used herein, the terms "comprising" (and any variant or form of comprising, such as
"comprise" and "comprises"), "having" (and any variant or form of having, such as "have" and
"has"), "including" (and any variant or form of including, such as "includes" and "include") or
"containing" (and any variant or form of containing, such as "contains" and "contain") are

inclusive or open-ended and do not exclude additional, unrecited, elements or method steps.

10
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[0043] The use of the term "for example" and its corresponding abbreviation "e.g." (whether
italicized or not) means that the specific terms recited are representative examples and
embodiments of the disclosure that are not intended to be limited to the specific examples

referenced or cited unless explicitly stated otherwise.

[0044] As used herein, "between" is a range inclusive of the ends of the range. For example, a
number between x and y explicitly includes the numbers x and y, and any numbers that fall within
xandy.

[0045] The invention provides several advantages over assay methods described in the art. For
example, the invention provides a simple and convenient method to increase the detectable signal
in an assay, enabling the detectable label to be measured using lower cost and/or lower complexity
instrumentation. This increase in signal may also, for example, provide a simple and convenient
method to improve the sensitivity of an assay by amplifying a detectable signal. In embodiments,
the methods herein improve the signal-to-noise ratio and enables more accurate detection, e.g., of

low abundance species in a sample.

[0046] In embodiments, the methods herein utilize a signal amplification reagent that
specifically binds to a detectable label, e.g., an ECL label, that may already be employed in
commercially available immunoassays. Current commercially available immunoassays can require
different detection reagents for the same analyte, depending on the concentration of the analyte in
the sample. For example, a detection reagent that comprises a detectable label can be used when
analyte concentration is relatively high (e.g., greater than or about 1 pg/mL), while a detection
reagent that comprises a nucleic acid probe can be used when analyte concentration is relatively
low (e.g., less than about 1 pg/mL). Current commercial immunoassays can also require different
assay formats and/or require a sample to be diluted or concentrated when measuring multiple
analytes that are present in a sample at different concentrations. In embodiments, the inventive
methods use a signal amplification reagent to amplify assay signal when analyte concentration is
low, thereby eliminating the requirement for using multiple types of detection reagents,
performing assays in different formats for different analyte concentrations, and/or concentrating or
diluting the sample for measuring different analytes in the sample. In embodiments, for each first
detectable label bound by the signal amplification reagent, the signal amplification reagent
provides and/or recruits multiple second detectable labels, thereby amplifying the assay signal. In
embodiments, the signal amplification reagent is capable of detecting an analyte that is present at a
low concentration in the sample (e.g., less than 1 pg/mL), thereby allowing the sample to be

diluted when sample supply is limited (e.g., cerebral spinal fluid samples, biological samples from

11
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infants, and/or biological samples from small animals such as mice), thus preserving valuable

sample.

[0047] In embodiments, the signal amplification reagent comprises one or more detectable
labels, e.g., ECL label(s); or the signal amplification reagent comprises or forms a moiety, e.g., a
binding moiety described herein, that recruits binding of one or more detectable labels, e.g., ECL
label(s). Thus, in embodiments, the signal amplification reagents described herein (1) specifically
recognize and bind a first detectable label (e.g., on a detection reagent as described herein) and (2)
are capable of recruiting one or more second detectable labels to amplify the assay signal. It was
unexpectedly discovered that the signal amplification reagent provides surprisingly high levels of
signal amplification even in embodiments where the first and second detectable labels are the
same label. Under such circumstances, the second detectable label would be expected to compete
with the first detectable label for the signal amplification reagent, i.e., a signal amplification
reagent that binds to the second detectable label would not bind the first detectable label, as the
signal amplification reagent has the same affinity for both the first and second detectable labels.
The binding of the signal amplification reagent to the second detectable label was expected to
prevent the second detectable label from being detected, and also prevent the signal amplification
reagent from being a part of the complex on the surface, thereby resulting in loss of signal. Thus,
the high levels of signal amplification, particularly in embodiments where the first and second

detectable labels were the same label, were unexpected.

[0048] An embodiment of the method is illustrated in FIGS. 1A-1D. In FIG. 1A, a first complex
comprising a capture reagent, an analyte, and a detection reagent with multiple first detectable
labels is formed on a surface. The capture reagent is immobilized to the surface via the binding of
the targeting agent complement on the capture reagent to the targeting agent on the surface. A
signal amplification reagent comprising a nucleic acid probe is added to the first complex, thereby
forming a second complex comprising the capture reagent, analyte, detection reagent, and signal
amplification reagent as shown in FIG. 1B. In embodiments, the detection reagent comprises
multiple first detectable labels, thereby allowing multiple signal amplification reagents to bind to
the same detection reagent as shown in FIGS. 1A, 1C, and 1D. In embodiments, an extended
sequence is formed from each signal amplification reagent bound to the detection reagent, as
shown in FIGS. 1B and 1C. In embodiments, two signal amplification reagents, each comprising a
nucleic acid probe, bind to two first detectable labels on the detection reagent. In embodiments,
two template oligonucleotides are hybridized to the two nucleic acid probes, e.g., wherein each
template oligonucleotide hybridizes to both nucleic acid probes as shown in FIG. 1D. In
embodiments, the two template oligonucleotides form a circular template, e.g., through ligation,

and one or both of the nucleic acid probes are extended to form an extended sequence. In

12
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embodiments, the extended sequence binds to the anchoring reagent on the surface. In
embodiments, the anchoring reagent is immobilized to the surface, before, during, or after
formation of the first complex. In embodiments, each extended sequence binds to multiple labeled
probes (e.g., as shown in FIG. 1C), each of which includes multiple second detectable labels.
Thus, in embodiments, each first detectable label corresponds to multiple second detectable labels,

thereby amplifying the signal for measurement. In embodiments, the first detectable label is an

ECL label. In embodiments, the second detectable label is an ECL label.

[0049] A further embodiment of the method is illustrated in FIG. 2. In FIG. 2, a first complex
comprising a capture reagent, an analyte, and a detection reagent with multiple first detectable
labels is formed on a surface. Both (1) a signal amplification reagent comprising a binding moiety
and (2) a detectable moiety, comprising multiple second detectable labels, are added to the first
complex. In embodiments, the signal amplification reagent and the detectable moiety are
simultaneously contacted with the first complex. In embodiments, the signal amplification reagent
and the detectable moiety are sequentially contacted with the first complex. In embodiments, the
detection reagent comprises multiple first detectable labels, thereby allowing multiple signal
amplification reagents to bind to the same detection reagent. Thus, as shown in FIG. 2, in
embodiments, each first detectable label on the detection reagent corresponds to multiple second
detectable labels on the detectable moiety, thereby amplifying the signal for measurement.
Components of the method are further described herein. In embodiments, the first detectable label

is an ECL label. In embodiments, the second detectable label is an ECL label.

[0050] A further embodiment of the method is illustrated in FIG. 3. In FIG 3, a first complex
comprising a capture reagent, an analyte, and a detection reagent with multiple first detectable
labels is formed on a surface. The capture reagent is immobilized to the surface via the binding of
a targeting agent complement on the capture reagent to a targeting agent on the surface. Both (1) a
signal amplification reagent comprising an oligonucleotide binding moiety and (2) an
oligonucleotide detectable moiety, comprising multiple second detectable labels, are added to the
first complex. In embodiments, the signal amplification reagent and the detectable moiety are
simultaneously contacted with the first complex. In embodiments, the signal amplification reagent
and the detectable moiety are sequentially contacted with the first complex. In embodiments, the
detection reagent comprises multiple first detectable labels, thereby allowing multiple signal
amplification reagents to bind to the same detection reagent. In embodiments, the oligonucleotide
detectable moiety binds to the oligonucleotide binding moiety. Thus, as shown in FIG. 3, in
embodiments, each first detectable label on the detection reagent corresponds to multiple second

detectable labels on the detectable moiety, thereby amplifying the signal for measurement.
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Components of the method are further described herein. In embodiments, the first detectable label

is an ECL label. In embodiments, the second detectable label is an ECL label.

[0051] A further embodiment of the method is illustrated in FIG. 4. In FIG. 4, a first complex
comprising a capture reagent, an analyte, and a detection reagent is formed on a surface. A
plurality of signal amplification reagents and detectable moieties are mixed, wherein each
detectable moiety comprising multiple second detectable labels, and wherein each detectable
moiety is capable of binding to multiple binding moieties, thereby forming a signal amplification
complex comprising a plurality of signal amplification reagents and detectable moieties. In
embodiments, the first complex and the signal amplification complex are formed simultaneously
or substantially simultaneously. In embodiments, the first complex and the signal amplification
complex are formed sequentially. In embodiments, the first complex is formed on the surface, and
the signal amplification complex is formed in a separate container or separate reaction vessel. The
signal amplification complex is then added to the first complex. In embodiments, the detection
reagent comprises multiple first detectable labels, thereby allowing multiple signal amplification
reagents of the signal amplification complex to bind to each detection reagent. Thus, as shown in
FIG. 4, each first detectable label on the detection reagent corresponds to multiple second
detectable labels on the detectable moiety, thereby amplifying the signal for measurement.
Components of the method are further described herein. In embodiments, the first detectable label

is an ECL label. In embodiments, the second detectable label is an ECL label.

[0052] A further embodiment of the method comprises formation of a first complex on a
surface, the first complex comprising a capture reagent, an analyte, and a detection reagent
comprising a first nucleic acid probe. The first nucleic acid probe is extended to form a first
extended sequence. In embodiments, the first nucleic acid probe is extended by rolling circle
amplification. A plurality of first labeled probes, each comprising a first detectable label, binds to
the first extended sequence. One or more of (1) a signal amplification reagent comprising a
binding moiety and (2) a detectable moiety comprising multiple second detectable labels, are
contacted with the first complex. In embodiments, the signal amplification reagent and the
detectable moiety are simultaneously contacted with the first complex. In embodiments, the signal
amplification reagent and the detectable moiety are sequentially contacted with the first complex.
In embodiments, each first labeled probe bound to the first extended sequence binds to a signal
amplification reagent. Thus, each first detectable label corresponds to multiple second detectable
labels on the detectable moiety, thereby amplifying the signal for measurement. Components of
the method are further described herein. In embodiments, the first detectable label is an ECL label.

In embodiments, the second detectable label is an ECL label.
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[0053] A further embodiment of the method is illustrated in FIG. 15. In FIG. 15, a first complex
comprising a capture reagent, an analyte, and a detection reagent comprising a first nucleic acid
probe is formed on a surface. The first nucleic acid probe is extended to form a first extended
sequence. In embodiments, the first nucleic acid probe is extended by rolling circle amplification.
A plurality of first labeled probes, each comprising a first detectable label, binds to the first
extended sequence. Multiple signal amplification reagents, each comprising a second nucleic acid
probe, bind to the first detectable label. Each of the second nucleic acid probes is extended to form
a second extended sequence. In embodiments, the second nucleic acid probe is extended by rolling
circle amplification. One or more second labeled probes, each comprising a second detectable
label, binds to the second extended sequence. Thus, as shown in FIG. 15, each first detectable
label corresponds to a second extended sequence that can bind to multiple second labeled probes
comprising a second detectable label, thereby amplifying the signal for measurement. Components
of the method are further described herein. In embodiments, the first detectable label is an ECL

label. In embodiments, the second detectable label is an ECL label.

[0054] A further embodiment of the method is illustrated in FIG. 17. In FIG. 17, a first complex
comprising a capture reagent, an analyte, and a detection reagent comprising a first detectable
label is formed on a surface. Both (1) a signal amplification reagent comprising an enzyme and (2)
a substrate of the enzyme are added to the first complex. In embodiments, the signal amplification
reagent and the enzyme substrate are simultaneously contacted with the first complex. In
embodiments, the signal amplification reagent and the enzyme substrate are sequentially contacted
with the first complex. In embodiments, the enzyme acts upon the substrate to produce a
detectable signal. In embodiments, the method comprises detecting the detectable signal.
Components of the method are further described herein. In embodiments, the first detectable label

is an ECL label. In embodiments, the second detectable label is an ECL label.

[0055] A further embodiment of the method is illustrated in FIGS. 22A-22D. In each of FIGS.
22A-22D, a complex comprises a capture reagent ("CR"), an analyte, a first detection reagent
("15T DR") comprising a first detectable label ("15T Label"), and a second detection reagent ("2P
DR") comprising a first detectable label, a signal amplification reagent ("SAR") that binds
simultaneously to the first detectable label on the first detection reagent and the first detectable
label on the second detection reagent. In embodiments, binding of the signal amplification reagent
to the two first detectable labels stabilizes the binding of the first and second detection reagents to
the analyte. In embodiments, the signal amplification reagent acts as a tether between the two
detection reagents and maintains binding of the two detection reagents to the analyte. For example,
if one of the two detection reagents dissociates from the analyte but remains bound to the signal

amplification reagent, the dissociated detection reagent is maintained in the vicinity of the analyte
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to facilitate rebinding. Thus, the signal amplification reagent amplifies the assay signal by

stabilizing the complex for detection.

[0056] In FIG. 22A, the signal amplification reagent is depicted without any other component.
The components as labeled in FIG. 22A are the same as for FIGS. 22B-22D. In FIG. 22B, the
signal amplification reagent comprises a binding moiety that binds to a detectable moiety
comprising a binding partner of the binding moiety and a second detectable label as described
herein. In FIG. 22C, the signal amplification reagent comprises a second detectable label as
described herein. In FIG. 22D, the signal amplification reagent comprises a nucleic acid probe,
which is extended via a template oligonucleotide to form an extended sequence that binds to one
or more labeled probes comprising a second detectable label, as described herein. Thus, in FIGS.
22B-22D, the signal amplification reagent amplifies assay signal in a two-fold manner, i.e., by
stabilizing the complex as described herein and by providing a further detectable signal via the

second detectable label, as described herein.

Assay Components and Methods
[0057] In embodiments, the invention provides a method comprising: (a) contacting an ECL
label with a signal amplification reagent that specifically binds to the ECL label, wherein:

the signal amplification reagent comprises a binding moiety, and the method further
comprises contacting the ECL label with a detectable moiety; or

the signal amplification reagent comprises an enzyme, and the method further comprises
contacting the ECL label with a substrate of the enzyme; or

the signal amplification reagent optionally comprises a second detectable label; or

the signal amplification reagent comprises a nucleic acid probe, and the method further
comprises extending the nucleic acid probe to form an extended sequence, and
(b) detecting the detectable moiety, enzyme activity, second detectable label, or extended
sequence, thereby detecting the ECL label. In embodiments, the ECL label is present on a surface.
In embodiments, the ECL label is present on a surface in step (a). In embodiments, the ECL label
is present on a surface in step (b). In embodiments, the ECL label is present on a surface

comprising an anchoring reagent immobilized thereon.

[0058] In embodiments, the invention provides a method of detecting an analyte of interest in a
sample, comprising;

(a) contacting a first complex that comprises (A) a first detectable label and (B) the
analyte of interest, with: (I) a signal amplification reagent that specifically binds to the first
detectable label and that comprises a binding moiety, and (II) a detectable moiety comprising (1) a

binding partner of the binding moiety and (2) one or more of a second detectable label; and (b)
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measuring (I) the second detectable label or (IT) the first and second detectable labels on the
surface, thereby detecting the analyte of interest;

or

(c) contacting a first complex that comprises (A) a first detectable label and (B) the
analyte of interest, with: (I) a signal amplification reagent that specifically binds to the first
detectable label and that comprises an enzyme, and (IT) a substrate of the enzyme; and (d)
measuring enzyme activity, thereby detecting the analyte of interest;

or

(e) contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an ECL label, and (B) the analyte of interest, with a signal amplification reagent
that specifically binds to the first detectable label and that optionally comprises a second
detectable label; and (f) measuring (I) the first detectable label; (II) the second detectable label; or
(IIT) the first and second detectable labels, thereby detecting the analyte of interest;

or

(g) contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an electrochemiluminescent (ECL) label, and (B) the analyte of interest, with a
signal amplification reagent that specifically binds to the first detectable label, wherein the signal
amplification reagent comprises a nucleic acid probe, thereby forming a second complex
comprising the first complex and the signal amplification reagent; (h) extending the nucleic acid
probe to form an extended sequence; and (i) measuring the amount of extended sequence, thereby
detecting the analyte of interest. In embodiments, the first detectable label is an ECL label. In
embodiments, the first complex is on a surface. In embodiments, the first complex comprises the
analyte of interest; a capture reagent that specifically binds to the analyte, wherein the capture
reagent is immobilized on the surface or wherein the capture reagent is capable of being
immobilized to the surface; and a detection reagent that specifically binds to the analyte and that

comprises the first detectable label.

[0059] In embodiments, the signal amplification reagent comprises a nucleic acid probe, and the
surface comprises an anchoring reagent immobilized thereon. In embodiments, the signal
amplification reagent comprises a nucleic acid probe, and the method further comprises
immobilizing an anchoring reagent on the surface. In embodiments, the anchoring reagent is
immobilized on the surface prior to or during step (h) of the method. In embodiments, the
anchoring reagent binds to an anchoring region of the extended sequence, and the measuring
comprises measuring the amount of extended sequence on bound to the surface via the anchoring
reagent. In embodiments, the first complex comprises the analyte of interest; a capture reagent that

specifically binds to the analyte, wherein the capture reagent is immobilized on the surface or
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wherein the capture reagent is capable of being immobilized to the surface; and a detection reagent

that specifically binds to the analyte and that comprises the first detectable label.

[0060] In embodiments, the invention provides a method of detecting an analyte of interest in a
sample, comprising (a) forming a first complex on a surface comprising the analyte of interest; a
capture reagent that specifically binds to the analyte, wherein the capture reagent is immobilized
on the surface or wherein the capture reagent is capable of being immobilized to the surface; and a
detection reagent that specifically binds to the analyte and that comprises a first nucleic acid
probe; (b) extending the first nucleic acid probe to form a first extended sequence comprising a
first anchoring region, wherein the first anchoring region binds a first anchoring reagent that is
immobilized on the surface; (c) binding the first extended sequence to a first labeled probe
comprising a first detectable label; and:

(d) contacting the first labeled probe bound to the first extended sequence with: (I) a
signal amplification reagent that specifically binds to the first detectable label and that comprises a
binding moiety, and (II) a detectable moiety comprising (1) a binding partner of the binding
moiety and (2) one or more of a second detectable label; and (e) measuring (I) the second
detectable label or (IT) the first and second detectable labels, thereby detecting the analyte of
interest, thereby detecting the analyte of interest;

or

(f) contacting the first labeled probe bound to the first extended sequence with: (I) a
signal amplification reagent that specifically binds to the first detectable label and that comprises
an enzyme, and (IT) a substrate of the enzyme; and (g) measuring enzyme activity, thereby
detecting the analyte of interest;

or

(h) contacting the first labeled probe bound to the first extended sequence with a signal
amplification reagent that specifically binds to the first detectable label and that optionally
comprises a second detectable label; and (i) measuring (I) the first detectable label; (II) the second
detectable label; or (II) the first and second detectable labels, thereby detecting the analyte of
interest;

or

(j) contacting the first labeled probe bound to the first extended sequence with a signal
amplification reagent that specifically binds to the first detectable label, wherein the signal
amplification reagent comprises a second nucleic acid probe, thereby forming a second complex
comprising the signal amplification reagent and the first labeled probe; (k) extending the second
nucleic acid probe to form a second extended sequence comprising a second anchoring region,

wherein the second anchoring region binds a second anchoring reagent that is immobilized on the
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surface; and; (1) measuring the amount of (I) the second extended sequence or (II) the first
extended sequence and the second extended sequence bound to the surface, thereby detecting the

analyte of interest. In embodiments, the first detectable label is an ECL label.

Capture Reagent

[0061] In embodiments, the capture reagent comprises an antibody or antigen-binding fragment
thereof, antigen, ligand, receptor, oligonucleotide, hapten, epitope, mimotope, or aptamer. In
embodiments, the capture reagent comprises an antibody or a variant thereof, including an
antigen/epitope-binding portion thereof, an antibody fragment or derivative, an antibody analogue,
an engineered antibody, or a substance that binds to antigens in a similar manner to antibodies. In
embodiments, the capture reagent comprises at least one heavy or light chain complementarity
determining region (CDR) of an antibody. In embodiments, the capture reagent comprises at least
two CDRs from one or more antibodies. In embodiments, the capture reagent comprises an

antibody or antigen-binding fragment thereof.

[0062] In embodiments, the capture reagent specifically binds to the analyte. As used herein,
"specifically binds" means that a reagent (e.g., a capture reagent) preferentially binds to its binding
partner (e.g., an epitope of the analyte) relative a random, unrelated substance. In embodiments,
the capture reagent comprises an antibody or antigen-binding fragment thereof, comprising an

antigen binding domain that specifically binds to an epitope of the analyte.

[0063] In embodiments, the capture reagent is immobilized on a surface. In embodiments, the
capture reagent is capable of being immobilized to a surface. Methods of immobilizing a capture
reagent to a surface are further described herein. In embodiments, the capture reagent is
immobilized to the surface via a thioester, thioether, disulfide, or combination thereof. In
embodiments, the capture reagent is immobilized to the surface via a targeting agent as described
herein. In embodiments, the capture reagent is immobilized to the surface before, during, or after
formation of the first complex described herein. In embodiments, the capture reagent is

immobilized to the surface before step (a) of the method.

Detection Reagent

[0064] In embodiments, the detection reagent comprises an antibody or antigen-binding
fragment thereof, antigen, ligand, receptor, oligonucleotide, hapten, epitope, mimotope, or
aptamer. In embodiments, the detection reagent comprises an antibody or a variant thereof,
including an antigen/epitope-binding portion thereof, an antibody fragment or derivative, an
antibody analogue, an engineered antibody, or a substance that binds to antigens in a similar
manner to antibodies. In embodiments, the detection reagent comprises at least one heavy or light

chain complementarity determining region (CDR) of an antibody. In embodiments, the detection
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reagent comprises at least two CDRs from one or more antibodies. In embodiments, the detection

reagent comprises an antibody or antigen-binding fragment thereof.

[0065] In embodiments, the detection reagent specifically binds to the analyte. In embodiments,
the detection reagent comprises an antibody or antigen-binding fragment thereof, comprising an
antigen-binding domain that specifically binds to an epitope of the analyte. In embodiments, the

detection reagent binds to a different epitope of the analyte than the capture reagent.

[0066] In embodiments, the first complex comprises more than one detection reagent. In
embodiments, the first complex comprises at least two detection reagents. In embodiments, the
detection reagent of the first complex as described herein is a first detection reagent, and the first
complex further comprises a second detection reagent. In embodiments, the first and second
detection reagents each specifically binds to the analyte. In embodiments, the first and second
detection reagents bind to a same epitope on the analyte. In embodiments, the analyte comprises
multiple copies of the epitope for binding to the first and second detection reagents, such that the
first and second detection reagents are capable of simultaneously binding to separate copies of the
epitope on the analyte. In embodiments, the first and second detection reagents bind to different
epitopes on the analyte. In embodiments, each of the capture reagent and the first and second
detection reagents bind to different epitopes on the analyte. In embodiments, the capture reagent
binds to a first epitope on the analyte, and each of the first and second detection reagents binds to a
second epitope on the analyte. In embodiments, the analyte comprises multiple copies of the
second epitope, such that the first and second detection reagents are capable of simultaneously
binding to separate copies of the second epitope on the analyte. In embodiments, the first complex
comprises the capture reagent, the analyte, the first detection reagent, and the second detection
reagent, wherein the capture reagent, the first detection reagent, and the second detection reagent

are bound to the analyte.

[0067] In embodiments, the first and second detection reagents each independently comprises an
antibody or antigen-binding fragment thereof, antigen, ligand, receptor, oligonucleotide, hapten,
epitope, mimotope, or aptamer. In embodiments, each of the first and second detection reagents
comprises an antibody or a variant thereof, including an antigen/epitope-binding portion thereof,
an antibody fragment or derivative, an antibody analogue, an engineered antibody, or a substance
that binds to antigens in a similar manner to antibodies. In embodiments, each of the first and
second detection reagents comprises at least one heavy or light chain complementarity
determining region (CDR) of an antibody. In embodiments, each of the first and second detection
reagents comprises at least two CDRs from one or more antibodies. In embodiments, each of the

first and second detection reagents comprises an antibody or antigen-binding fragment thereof.
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Detection Reagent Comprising First Detectable Label

[0068] In embodiments, the detection reagent comprises a first detectable label. In
embodiments, the detection reagent comprises multiple first detectable labels. In embodiments, the
detection reagent comprises 1, 2, 3,4, 5, 6,7, 8,9, 10, or more than 10 of the first detectable label.
In embodiments where the first complex comprises first and second detection reagents, each of the
first and second detection reagents comprises a first detectable label. In embodiments, each of the
first and second detection reagents comprises 1, 2, 3,4, 5, 6,7, 8, 9, 10, or more than 10 of the first
detectable label. In embodiments, the detection reagent of the first complex, or each of the first
and second detection reagents of the first complex, comprises at least two of the first detectable
label. In embodiments, the first detectable label is capable of being detected by light scattering,
optical absorbance, fluorescence, chemiluminescence, electrochemiluminescence,
bioluminescence, phosphorescence, radioactivity, magnetic field, or combination thereof. In

embodiments, the first detectable label comprises an ECL label.

[0069] In embodiments, the ECL label comprises an electrochemiluminescent organometallic
complex. In embodiments, the electrochemiluminescent organometallic complex comprises
ruthenium, osmium, iridium, rhenium, and/or a lanthanide metal. In embodiments, the ECL label
comprises ruthenium. In embodiments, the electrochemiluminescent organometallic complex
comprises a substituted or unsubstituted bipyridine or a substituted or unsubstituted
phenanthroline. In embodiments, the ECL label comprises a substituted bipyridine. In
embodiments, the ECL label comprises an organometallic complex comprising at least one
substituted bipyridine ligand, wherein the substituted bipyridine ligand comprises at least one
sulfonate group. In embodiments, the ECL label comprises an organometallic complex comprising
at least two substituted bipyridine ligands, wherein each substituted bipyridine ligand comprises at
least one sulfonate group. In embodiments, the substituted bipyridine ligand comprising at least
one sulfonate group is a compound of Formula I:
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[0070] In embodiments, the ECL label comprises three ligands, wherein a first ligand is a
compound of Formula I, and wherein a second ligand comprises a bipyridine having at least one
substituent that is covalently linked to the detection reagent. In embodiments, the ECL label
comprises an organometallic complex that comprises three ligands, wherein two of the ligands are

each a compound of Formula I, and wherein the third ligand comprises a bipyridine having at least
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one substituent that is covalently linked to the detection reagent. In embodiments, the
organometallic complex comprises ruthenium, osmium, or thenium.

[0071] Exemplary ECL labels can be found in US 5,714,089; US 6,136,268; US 6,316,607; US
6,468,741; US 6,479,233, US 6,808,939; and US 9,499,573.

[0072] In embodiments, the first detectable label is a compound of Formula II:

HO3S (H)

[0073] In embodiments, the first detectable label is a compound of Formula III:

e (1),

[0074] In embodiments, the first detectable label is a compound of Formula IV:
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[0075] In embodiments, the first detectable label is a compound of Formula V:

(V), wherein each X comprises a phosphate, a

carbonate, a borate, or combination thereof.

[0076] In embodiments, the first detectable label is a compound of Formula VI:

(VD).

[0077] In embodiments, the detection reagent (e.g., a first and/or second detection reagent as
described herein) is covalently linked to the first detectable label via a conjugation linker. In
embodiments, the conjugation linker comprises an amide, a thioester, a thioether, a disulfide, an
imine, a triazole, a dihydropyridazine, a peptide, an oligonucleotide, a hydrophilic polymer, or a
combination thereof. In embodiments, the amide of the conjugation linker results from the reaction
between an N-hydroxysuccinimide (NHS) ester and an amine. In embodiments, the thioester of the
conjugation linker results from the reaction between an NHS ester and a thiol (also called a
sulthydryl). In embodiments, the thioether of the conjugation linker results from the reaction
between a maleimide or alkene and a thiol. In embodiments, the disulfide of the conjugation linker
results from the reaction between a disulfide and a thiol. In embodiments, the imine of the
conjugation linker results from the reaction between an aldehyde or ketone and an amine. In
embodiments, the triazole of the conjugation linker results from the reaction between an alkyne or
a cycloalkyne and an azide. In embodiments, the dihydropyridazine of the conjugation linker

results from the reaction between a trans-cyclooctene and a tetrazine.

[0078] In embodiments, the conjugation linker comprises a spacer, e.g., to increase the distance
and/or movement flexibility between the detection reagent and the first detectable label. In

embodiments, the conjugation linker comprises a peptide. In embodiments, the conjugation linker
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comprises an oligonucleotide. In embodiments, the conjugation linker comprises a hydrophilic

polymer. In embodiments, the hydrophilic polymer comprises polyethylene glycol (PEG).

Detection Reagent Comprising First Nucleic Acid Probe

[0079] In embodiments, the detection reagent comprises a first nucleic acid probe. In
embodiments, the first nucleic acid probe is capable of being extended to form a first extended
sequence. In embodiments, the first nucleic acid probe is capable of being ligated to a further
oligonucleotide to form a first extended sequence. In embodiments, the first nucleic acid probe is
capable of being ligated to a further oligonucleotide, wherein at least a portion of the further
oligonucleotide comprises a complementary sequence to the first nucleic acid probe, to form a first
extended sequence. In embodiments, the first nucleic acid probe is capable of binding to a
template oligonucleotide. In embodiments, the first nucleic acid probe is a primer for an extension
reaction. In embodiments, the extension reaction comprises polymerase chain reaction (PCR),
ligase chain reaction (LCR), strand displacement amplification (SDA), self-sustained synthetic
reaction (3SR), isothermal amplification (such as, e.g., helicase-dependent amplification or rolling
circle amplification), or combination thereof. In embodiments, the first nucleic acid probe binds to
a template oligonucleotide and is extended by PCR, LCR, SDA, 3SR, isothermal amplification
(such as, e.g., helicase-dependent amplification or rolling circle amplification), or combination
thereof to form a first extended sequence. In embodiments, the first nucleic acid probe binds to a
template oligonucleotide and is extended by PCR to form a first extended sequence. In
embodiments, the first nucleic acid probe binds to a template oligonucleotide, forms a circular
template oligonucleotide (e.g., by ligation of a linear template oligonucleotide), and is extended by
rolling circle amplification to form a first extended sequence. In embodiments where the first
complex comprises first and second detection reagents, each of the first and second detection
reagents comprises a proximity nucleic acid probe, wherein one or both of the proximity nucleic
acid probes is capable of being extended to form a first extended sequence only when the two

proximity nucleic acid probes are in proximity.

[0080] In embodiments, the first extended sequence comprises a first anchoring region. In
embodiments, the first anchoring region binds to a first anchoring reagent on a surface. In
embodiments, the first anchoring reagent is immobilized on the surface before, during, or after
forming the first complex described herein. In embodiments, the first anchoring reagent is
immobilized to the surface before step (a) of the method described herein. In embodiments, the
first anchoring reagent is immobilized to the surface prior to forming the first extended sequence.
In embodiments, the first anchoring reagent is immobilized to the surface via a thioester, thioether,
disulfide, or combination thereof. In embodiments, the first anchoring reagent is immobilized to

the surface via a targeting agent as further described herein.
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[0081] In embodiments, the first anchoring reagent comprises an oligonucleotide, aptamer,
aptamer ligand, antibody, antigen, ligand, receptor, hapten, epitope, or mimotope. In
embodiments, the first anchoring reagent comprises an aptamer ligand, and the first anchoring
region comprises an aptamer. In embodiments, the first anchoring reagent comprises an
oligonucleotide-binding protein, and the first anchoring region comprises an oligonucleotide
sequence. In embodiments, the first anchoring reagent comprises a single stranded
oligonucleotide. In embodiments, the first anchoring reagent comprises a double stranded
oligonucleotide. In embodiments, the first anchoring reagent and the first anchoring region
comprise complementary oligonucleotides. In embodiments, the first anchoring reagent comprises
an anchoring oligonucleotide. In embodiments, the first anchoring region comprises an anchoring

oligonucleotide complement that is complementary to the anchoring oligonucleotide.

[0082] In embodiments, binding the first extended sequence to the first anchoring reagent
comprises forming a triple helix between the first anchoring reagent and the first anchoring region.
In embodiments, binding the first extended sequence to the first anchoring reagent comprises
denaturing the first anchoring region to expose a single stranded oligonucleotide region prior to
the binding; exposing the first anchoring region to helicase activity prior to the binding; and/or
exposing the first anchoring region to nuclease treatment prior to the binding, wherein the first
anchoring region comprises one or more hapten-modified bases and the first anchoring reagent
comprises one or more antibodies specific for the hapten; and/or the first anchoring region
comprises one or more ligand-modified bases and the first anchoring reagent comprises one or

more receptors specific for the ligand.

[0083] In embodiments, the first complex comprising the capture reagent, the analyte, and the
detection reagent (or first and second detection reagents) is bound to the surface following
extension of the first nucleic acid probe. In embodiments, the first extended sequence binds to the
first anchoring reagent at a position within about 1 nm to about 500 nm, about 5 nm to about 250
nm, about 10 nm to about 200 nm, or about 15 nm to about 150 nm from the first complex on the
surface. In embodiments, the first extended sequence binds to the first anchoring reagent at a
position less than 1 um from the first complex on the surface. In embodiments, the first extended
sequence binds to the first anchoring reagent at a position less than 500 nm from the first complex
on the surface. In embodiments, the first extended sequence binds to the first anchoring reagent at

a position less than 200 nm from the first complex on the surface.
[0084] In embodiments, the method comprises, following the extending of the first nucleic acid
probe and/or binding of the first extended sequence to the first anchoring reagent, binding the first

extended sequence to a first labeled probe comprising a first detectable label. In embodiments, the
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first extended sequence and the first labeled probe comprise complementary oligonucleotides. In
embodiments, the first labeled probe comprises more than one of the first detectable label. In
embodiments, the first labeled probe comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more than 10 of the
first detectable label. In embodiments, the first detectable label is covalently linked to the first

labeled probe, e.g., via a conjugation linker as described herein.

[0085] First detectable labels are further described herein. In embodiments, the first detectable
label is capable of being detected by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
magnetic field, or combination thereof. In embodiments, the first detectable label comprises an
ECL label as described herein. In embodiments, the ECL label comprises an organometallic
complex comprising at least one substituted bipyridine ligand, wherein the substituted bipyridine
ligand comprises at least one sulfonate group. In embodiments, the ECL label comprises an
organometallic complex comprising at least two substituted bipyridine ligands, wherein each
substituted bipyridine ligand comprises at least one sulfonate group. In embodiments, the
substituted bipyridine ligand is a compound of Formula I. In embodiments, the ECL label
comprises three ligands, wherein a first ligand is a compound of Formula I, and wherein a second
ligand comprises a bipyridine having at least one substituent that is covalently linked to the first
labeled probe. In embodiments, the ECL label comprises an organometallic complex that
comprises three ligands, wherein two of the ligands are each a compound of Formula I, and
wherein the third ligand comprises a bipyridine having at least one substituent that is covalently
linked to the first labeled probe. In embodiments, the organometallic complex comprises

ruthenium, osmium, or rthenium.

[0086] In embodiments, the first detectable label comprises a compound of Formula II. In
embodiments, the first detectable label comprises a compound of Formula III. In embodiments, the
first detectable label comprises a compound of Formula IV. In embodiments, the first detectable
label comprises a compound of Formula V. In embodiments, the first detectable label comprises a

compound of Formula VL.

Signal Amplification Reagent

[0087] In embodiments, the signal amplification reagent comprises an antibody or antigen-
binding fragment thereof, antigen, ligand, receptor, oligonucleotide, hapten, epitope, mimotope, or
aptamer. In embodiments, the signal amplification reagent comprises an antibody or a variant
thereof, including an antigen/epitope-binding portion thereof, an antibody fragment or derivative,
an antibody analogue, an engineered antibody, or a substance that binds to antigens in a similar

manner to antibodies. In embodiments, the signal amplification reagent comprises at least one

26



WO 2023/278293 PCT/US2022/035068

heavy or light chain complementarity determining region (CDR) of an antibody. In embodiments,
the signal amplification reagent comprises at least two CDRs from one or more antibodies. In
embodiments, the signal amplification reagent comprises an antibody or antigen-binding fragment
thereof. In embodiments, the antibody or antigen-binding fragment thereof comprises a constant
region comprising an IgA, IgD, IgE, IgG, or IgM domain. In embodiments, the antibody or
antigen-binding fragment thereof comprises an IgG domain. In embodiments, the antibody or
antigen-binding fragment thereof comprises an IgG1, 1gG2, 1gG3, or IgG4 isotype antibody or
antigen-binding fragment thereof. In embodiments, the antibody or antigen-binding fragment
thereof comprises IgG2a, IgG2b, or IgG2c subclass antibody or antigen-binding fragment thereof.
In embodiments, the antibody or antigen-binding fragment thereof is derived from a mouse, rat,
goat, rabbit, chicken, guinea pig, hamster, horse, or sheep. In embodiments, the antibody or
antigen-binding fragment thereof is derived from a mouse. Antibodies and antigen-binding

fragments are further described herein.

[0088] In embodiments, the signal amplification reagent specifically binds to a first detectable
label. In embodiments, the signal amplification reagent comprises an antibody or antigen-binding
fragment thereof comprising an antigen binding domain that specifically binds to the first

detectable label.

[0089] In embodiments, the signal amplification reagent is capable of specifically binding to at
least two first detectable labels. In embodiments, the signal amplification reagent comprises at
least two antigen binding domains, wherein each antigen binding domain specifically binds to a
first detectable label. In embodiments, the signal amplification reagent is capable of binding to a
first detectable label on a first detection reagent and a first detectable label on a second detection
reagent, e.g., as depicted in FIG. 22A. As described herein, a signal amplification reagent that is
capable of binding to at least two detectable labels on first and second detection reagents stabilizes
the binding of the detection reagents to the analyte, thereby amplifying an assay signal for
detecting the analyte. In embodiments, the at least two first detectable labels bound by the signal
amplification reagent comprise the same structure. In embodiments, the at least two first detectable

labels bound by the signal amplification reagent comprise different structures.

[0090] First detectable labels are described herein. In embodiments, the first detectable label is
an ECL label as described herein. In embodiments, the signal amplification reagent binds two first
detectable labels, wherein each first detectable label bound by the signal amplification reagent is
an ECL label as described herein. In embodiments, the ECL label comprises an organometallic
complex comprising at least one substituted bipyridine ligand, wherein the substituted bipyridine

ligand comprises at least one sulfonate group. In embodiments, the ECL label comprises an
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organometallic complex comprising at least two substituted bipyridine ligands, wherein each
substituted bipyridine ligand comprises at least one sulfonate group. In embodiments, the
substituted bipyridine ligand is a compound of Formula I. In embodiments, the ECL label
comprises three ligands, wherein at least one of the ligands is a compound of Formula I. In
embodiments, the ECL label comprises three ligands, wherein one of the ligands is a compound of
Formula I. In embodiments, the ECL label comprises an organometallic complex that comprises

three ligands, wherein two of the ligands are each a compound of Formula 1.

[0091] In embodiments, the signal amplification reagent specifically binds a compound of
Formula II. In embodiments, the signal amplification reagent specifically binds a compound of
Formula IV. In embodiments, the signal amplification reagent specifically binds a compound of

Formula VI.

[0092] In embodiments, the signal amplification reagent specifically binds two first detectable
labels, wherein the two first detectable labels comprise the same structure, e.g., each first
detectable label comprises a compound of Formula IL, III, IV, V, or VI. In embodiments, the signal
amplification reagent specifically binds two first detectable labels, wherein the two first detectable
labels comprise different structures, e.g., each of the two first detectable labels comprises a
compound of Formula I, III, IV, V, or VI, provided that the two first detectable labels do not
comprise the same compound. In embodiments, each first detectable label independently
comprises a compound of Formula II, III, IV, V, or VI. In embodiments, each first detectable label

independently comprises a compound of Formula II, IV, or VL

[0093] In embodiments, the first detectable label is covalently linked, e.g., to a detection reagent
(e.g., first and/or second detection reagent) or a first labeled probe as described herein. In
embodiments, the signal amplification reagent specifically binds to a first detectable label and a
conjugation linker. In embodiments, In embodiments, the signal amplification reagent comprises
an antibody or antigen-binding fragment thereof comprising an antigen binding domain that
specifically binds to the first detectable label and the conjugation linker. In such embodiments, the
signal amplification reagent does not bind to unconjugated first detectable label (i.e., not attached
to a detection reagent or a first labeled probe). Unconjugated first detectable label may be present
in an assay mixture, for example, from a conjugation reaction to attach the first detectable label to
a detection reagent or first labeled probe. In embodiments, a method utilizing the signal
amplification reagent that specifically binds to a first detectable label and conjugation linker has
improved specificity, relative to a method utilizing a signal amplification reagent that binds to a

first detectable label alone.
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[0094] In embodiments, the conjugation linker comprises an amide, a thioester, a thioether, a
disulfide, an imine, a triazole, a dihydropyridazine, a peptide, an oligonucleotide, a hydrophilic
polymer, or a combination thereof. In embodiments, the signal amplification reagent specifically
binds to the ECL label and an amide. In embodiments, the signal amplification reagent specifically
binds to the ECL label and a thioester. In embodiments, the signal amplification reagent
specifically binds to the ECL label and a thioether. In embodiments, the signal amplification
reagent specifically binds to the ECL label and a disulfide. In embodiments, the signal
amplification reagent specifically binds to the ECL label and an imine. In embodiments, the signal
amplification reagent specifically binds to the ECL label and a triazole. In embodiments, the signal

amplification reagent specifically binds to the ECL label and a dihydropyridazine.

[0095] In embodiments, the conjugation linker comprises a spacer (e.g., a peptide, an
oligonucleotide, or a hydrophilic polymer as described herein), and the signal amplification
reagent specifically binds to the first detectable label and at least a portion of the peptide,
oligonucleotide, or hydrophilic polymer of the conjugation linker. In embodiments, the signal
amplification reagent specifically binds to the ECL label and at least a portion of a peptide of the
conjugation linker. In embodiments, the signal amplification reagent specifically binds to the ECL
label and at least a portion of an oligonucleotide of the conjugation linker. In embodiments, the
signal amplification reagent specifically binds to the ECL label and at least a portion of a
hydrophilic polymer of the conjugation linker.

[0096] It was further surprisingly discovered that the antibody signal amplification reagent has
high specificity to the ECL labels described herein, including a sulfonated ECL label. Most
antibodies require a hydrophobic patch for specificity, and thus the sulfonate groups were

expected to be less immunogenic as compared to non-sulfonated labels.

I. SIGNAL AMPLIFICATION OF A FIRST COMPLEX COMPRISING FIRST
DETECTABLE LABEL

[0097] In embodiments, the invention provides a method of detecting an analyte of interest in a
sample, comprising contacting a first complex that comprises (A) a first detectable label, wherein
the first detectable label is an electrochemiluminescent (ECL) label, and (B) the analyte of interest,
with a signal amplification reagent. In embodiments, the first complex comprises the analyte of
interest, a capture reagent that specifically binds to the analyte, and a detection reagent that
specifically binds to the analyte. In embodiments, the detection reagent comprises the first
detectable label, as described herein. In embodiments, the detection reagent is a first detection
reagent, and the first complex further comprises a second detection reagent that specifically binds

to the analyte and that comprises a first detectable label as described herein.
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[0098] In embodiments, the first complex is on a surface. In embodiments, the first complex
comprises the analyte, a capture reagent that specifically binds to the analyte, and a detection
reagent that specifically binds to the analyte. In embodiments, the method comprises, prior to the
contacting, forming the first complex. In embodiments, forming the first complex comprises:
contacting the analyte of interest with (i) the surface; (i1) the capture reagent; and (iii) the detection
reagent. In embodiments, forming the first complex comprises: contacting the sample with (i) the

surface; (ii) the capture reagent; and (iii) the detection reagent.

[0099] In embodiments, the first complex comprises the analyte of interest, a capture reagent
that specifically binds to the analyte, a first detection reagent that specifically binds to the analyte,
and a second detection reagent specifically binds to the analyte, wherein each of the first and
second detection reagents comprises a first detectable label, as described herein. In embodiments,
the method comprises, prior to the contacting, forming the first complex. In embodiments, forming
the first complex comprises: contacting the analyte of interest with (i) the surface; (ii) the capture
reagent; (iii) the first detection reagent; and (iv) the second detection reagent. In embodiments,
forming the first complex comprises: contacting the sample with (i) the surface; (ii) the capture
reagent; (ii1) the first detection reagent; and (iv) the second detection reagent. In embodiments, the
first complex is formed by contacting the analyte with the capture reagent and the first and second

detection reagents in any order.

[00100] In embodiments, the capture reagent is immobilized on the surface, as described herein.
In embodiments, the capture reagent is capable of being immobilized on the surface. In
embodiments, the method comprises immobilizing the capture reagent to the surface before,
during, or after formation of the first complex. In embodiments, the method comprises

immobilizing the capture reagent to the surface prior to step (a) of the method.

[00101] In embodiments, the method further comprises, prior to contacting the first complex with
the signal amplification reagent, detecting the first complex on the surface. In embodiments, the
detecting comprises measuring the amount of the first detectable label, e.g., on the detection
reagent. In embodiments where the first complex comprises first and second detection reagents,
the detecting comprises measuring the amount of the first detectable label on the first and second
detection reagents. In embodiments, the first detectable label is measured by light scattering,
optical absorbance, fluorescence, chemiluminescence, electrochemiluminescence,
bioluminescence, phosphorescence, radioactivity, magnetic field, or combination thereof. In
embodiments, the first detectable label comprises an ECL label, and measuring the amount of the

first detectable label comprises measuring an ECL signal.
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[00102] In embodiments, the detection reagent comprises multiple first detectable labels, and
multiple signal amplification reagents bind to the detection reagent, wherein each signal

amplification reagent binds to a separate first detectable label on the detection reagent.

[00103] In embodiments, the first complex comprises first and second detection reagents,
wherein each of the first and second detection reagent comprises a first detectable label as
described herein, and the signal amplification reagent is capable of simultaneously binding to the
first detectable label on the first detection reagent and to the first detectable label on the second

detection reagent, e.g., as shown in FIGS. 22A-22D.

L.A. Signal Amplification Reagent Comprising Binding Moiety

[00104] In embodiments, the first complex comprising the capture reagent, the analyte, and the
detection reagent comprising the first detectable label is contacted with: (1) a signal amplification
reagent that specifically binds to the first detectable label and that comprises a binding moiety, and
(2) a detectable moiety, wherein the detectable moiety comprises: (i) a binding partner of the
binding moiety and (ii) one or more of a second detectable label. In embodiments, the first
complex comprises first and second detection reagents that each comprises a first detectable label,
and the signal amplification reagent specifically binds to the first detectable label on the first
detection reagent and to the first detectable label on the second detection reagent, as described

herein and as depicted in FIG. 22B.

[00105] In embodiments, the binding moiety comprises an oligonucleotide, and the detectable
moiety comprises a complementary oligonucleotide. In embodiments, the binding moiety and the
detectable moiety comprise a receptor-ligand pair, an antigen-antibody pair, a hapten-antibody
pair, an epitope-antibody pair, a mimotope-antibody pair, an aptamer-target molecule pair, or an
intercalator-target molecule pair. In embodiments, the binding moiety comprises multiple binding
sites for the detectable moiety. In embodiments, the binding moiety comprises 2, 3,4, 5, 6,7, 8, 9,
or 10 binding sites for the detectable moiety. In embodiments, the detectable moiety comprises
multiple binding sites for the binding moiety. In embodiments, the detectable moiety comprises 2,
3,4,5,6,7, 8,9, or 10 binding sites for the binding moiety. For example, one streptavidin is
capable of binding four biotin molecules. In embodiments, the binding moiety comprises biotin,
and the detectable moiety comprises avidin or streptavidin. In embodiments, the binding moiety
comprises avidin or streptavidin, and the detectable moiety comprises biotin.

[00106] In embodiments, the detectable moiety comprises a second detectable label. In
embodiments, the detectable moiety comprises more than one of the second detectable label. In
embodiments, the detectable moiety comprises 1, 2, 3,4, 5, 6, 7, 8, 9, 10, or more than 10 of the

second detectable label.
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[00107] In embodiments, the second detectable label is capable of being detected by light
scattering, optical absorbance, fluorescence, chemiluminescence, electrochemiluminescence,
bioluminescence, phosphorescence, radioactivity, magnetic field, or combination thereof. In
embodiments, the second detectable label comprises an ECL label as described herein. In
embodiments, the ECL label comprises an organometallic complex comprising at least one
substituted bipyridine ligand, wherein the substituted bipyridine ligand comprises at least one
sulfonate group. In embodiments, the ECL label comprises an organometallic complex comprising
at least two substituted bipyridine ligands, wherein each substituted bipyridine ligand comprises at
least one sulfonate group. In embodiments, the substituted bipyridine ligand is a compound of
Formula I. In embodiments, the ECL label comprises three ligands, wherein a first ligand is a
compound of Formula I, and wherein a second ligand comprises a bipyridine having at least one
substituent that is covalently linked to the detectable moiety. In embodiments, the ECL label
comprises an organometallic complex that comprises three ligands, wherein two of the ligands are
each a compound of Formula I, and wherein the third ligand comprises a bipyridine having at least
one substituent that is covalently linked to the detectable moiety. In embodiments, the

organometallic complex comprises ruthenium, osmium, or thenium.

[00108] In embodiments, the second detectable label comprises a compound of Formula II. In
embodiments, the second detectable label comprises a compound of Formula III. In embodiments,
the second detectable label comprises a compound of Formula IV. In embodiments, the second
detectable label comprises a compound of Formula V. In embodiments, the second detectable

label comprises a compound of Formula V1.

[00109] In embodiments, the first detectable label of the detection reagent (e.g., first and/or
second detection reagents) and second detectable label of the detectable moiety are the same. In
embodiments, the first and second detectable labels each comprises an ECL label as described
herein. In embodiments, the first and second detectable labels each comprises a compound of
Formula II. In embodiments, the first and second detectable labels each comprises a compound of
Formula ITI. In embodiments, the first and second detectable labels each comprises a compound of
Formula IV. In embodiments, the first and second detectable labels each comprises a compound of
Formula V. In embodiments, the first and second detectable labels each comprises a compound of
Formula VL

[00110] In embodiments, the first and second detectable labels are different. In embodiments, the
first detectable label is not detectable once it is bound by the signal amplification reagent. In
embodiments, the signal amplification reagent specifically binds to the first detectable label, and

not the second detectable label. In embodiments, the first detectable label comprises a compound
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of Formula II, and the second detectable label comprises a compound of any one of Formulas III,
IV, V, or VL. In embodiments, the first detectable label comprises a compound of Formula III, and
the second detectable label comprises a compound of any one of Formulas II, IV, V, or V1. In
embodiments, the first detectable label comprises a compound of Formula IV, and the second
detectable label comprises a compound of any one of Formulas II, III, V, or VL. In embodiments,
the first detectable label comprises a compound of Formula V, and the second detectable label
comprises a compound of any one of Formulas I, IIL, IV, or VL. In embodiments, the first
detectable label comprises a compound of Formula VI, and the second detectable label comprises

a compound of any one of Formulas II, III, TV, or V.

[00111] In embodiments, the first detectable label is detectably distinct from the second
detectable label. As used herein, two species that are "detectably distinct" means that different
detection methods or parameters are used to detect the two species. For example, a fluorescent
species is detectably distinct from a chemiluminescent or electrochemiluminescent species. In a
further example, an electrochemiluminescent species is detectably distinct from a chromogenic
species. In another example, two fluorescent species that have different, non-overlapping
excitation and/or emission wavelengths are detectably distinct. In embodiments, the presence of
the first detectable label, e.g., on the detection reagent bound by the signal amplification reagent,

does not interfere with detection of the second detectable label.

[00112] In embodiments, the first complex is first contacted with the signal amplification reagent,
then contacted with the detectable moiety. In embodiments, the first complex is contacted with the
signal amplification reagent and the detectable moiety simultaneously or substantially
simultaneously. As used herein, the term "simultaneous" in reference to one or more events (e.g.,
contacting the first binding complex with the signal amplification reagent and the detectable
moiety) means that the events occur at exactly the same time or at substantially the same time,
e.g., simultaneous events described herein can occur less than or about 10 minutes apart, less than
or about 5 minutes apart, less than or about 2 minutes apart, less than or about 1 minute apart, less
than or about 30 seconds apart, less than or about 15 seconds apart, or less than or about 5 seconds
apart.

[00113] In embodiments, the contacting comprises: (i) forming a signal amplification complex
comprising the signal amplification reagent and the detectable moiety; and (ii) contacting the first
complex with the signal amplification complex. In embodiments, the detectable moiety comprises
multiple binding sites for the binding moiety and/or the binding moiety comprises multiple
binding sites for the detectable moiety, and the signal amplification complex comprises a plurality

of signal amplification reagents, and wherein each signal amplification reagent is bound to one or
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more detectable moieties. In embodiments, the first complex and the signal amplification complex
are formed simultaneously or substantially simultaneously. In embodiments, the first complex and
the signal amplification complex are formed sequentially. In embodiments, the first complex is

formed on the surface, and the signal amplification complex is formed in a separate reaction vessel

or container.

[00114] In embodiments where the binding moiety comprises an oligonucleotide binding moiety
and the detectable moiety comprises a complementary oligonucleotide to the oligonucleotide
binding moiety, the method further comprises increasing the length of the oligonucleotide binding
moiety prior to binding to the detectable moiety. In embodiments, increasing the length of the
oligonucleotide binding moiety comprises ligating the oligonucleotide binding moiety to a further
oligonucleotide. In embodiments, increasing the length of the oligonucleotide binding moiety
comprises hybridizing the oligonucleotide binding moiety to a further oligonucleotide, wherein at
least a portion of the further oligonucleotide comprises a complementary sequence to the
oligonucleotide binding moiety. In embodiments, the further oligonucleotide additionally
comprises more than one complementary sequences to the labeled probe, thereby allowing more
than one copy of the detectable moiety to bind to the second complex and further amplifying the

assay signal, as described in embodiments herein.

[00115] An exemplary embodiment of the signal amplification complex, comprising a plurality
of cross-linked signal amplification reagents and detectable moieties, wherein each detectable
moiety comprises multiple second detectable labels, is illustrated in FIG. 4. In embodiments
comprising forming a signal amplification complex and where the first and second detectable
labels are the same, the signal amplification reagent specifically binds to the first detectable label
and the conjugation linker of the detection reagent, thereby reducing binding of the signal
amplification reagent to the second detectable label on the detectable moiety. In embodiments
comprising forming a signal amplification complex, the first and second detectable labels are
different, thereby reducing binding of the signal amplification reagent to the second detectable
label on the detectable moiety.

[00116] In embodiments, the method comprises measuring the amount of the first and second
detectable labels. In embodiments, the first and second detectable labels are detectably distinct, as
described herein. In embodiments, the method comprises separately measuring the amounts of the
first and second detectable labels. In embodiments, the first and second detectable labels are
measured by light scattering, optical absorbance, fluorescence, chemiluminescence,
electrochemiluminescence, bioluminescence, phosphorescence, radioactivity, magnetic field, or

combination thereof. In embodiments, the first and second detectable labels each comprises an
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ECL label, and measuring the amount of the first and second detectable labels comprises
measuring an ECL signal. In embodiments, the amount of measured ECL signal is used to detect
the presence of the analyte in the sample. In embodiments, the amount of measured ECL signal is

used to determine the amount of analyte in the sample.

[00117] In embodiments, the method comprises measuring the amount of the second detectable
label. In embodiments, the second detectable label is measured by light scattering, optical
absorbance, fluorescence, chemiluminescence, electrochemiluminescence, bioluminescence,
phosphorescence, radioactivity, magnetic field, or combination thereof. In embodiments, the
second detectable label comprises an ECL label, and measuring the amount of the second
detectable label comprises measuring an ECL signal. In embodiments, the amount of measured
ECL signal is used to detect the presence of the analyte in the sample. In embodiments, the

amount of measured ECL signal is used to determine the amount of analyte in the sample.

L.B. Signal Amplification Reagent Comprising Enzyme

[00118] In embodiments, the first complex comprising the capture reagent, the analyte, and the
detection reagent is contacted with: (1) a signal amplification reagent that specifically binds to the
first detectable label and that comprises an enzyme, and (2) a substrate of the enzyme. In
embodiments, the first complex comprises first and second detection reagents that each comprises
a first detectable label, and the signal amplification reagent specifically binds to the first detectable
label on the first detection reagent and to the first detectable label on the second detection reagent,

as described herein.

[00119] In embodiments, the signal amplification reagent comprises an enzyme that acts upon a
substrate. In embodiments, the enzyme is horseradish peroxidase (HRP), alkaline phosphatase

(AP), B-galactosidase, glucose oxidase (GO), acetylcholinesterase, catalase, or B-lactamase.

[00120] In embodiments, the signal amplification reagent comprises an enzyme that acts upon a
substrate, e.g., as illustrated in FIG. 17. In embodiments, the enzyme binds to and acts upon the
substrate, e.g., via oxidation, reduction, hydrolysis, or combination thereof, to produce a detectable
signal. In embodiments, the detectable signal comprises a chromogenic signal,
chemiluminescence, fluorescence, or a combination thereof. In embodiments, the enzyme is HRP,
AP, or B-galactosidase. In embodiments, the enzyme is HRP, and the substrate is 3,3',5,5'-
tetramethylbenzidine (TMB), 2,2'-Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]-diammonium
salt (ABTS), or o-phenylenediamine dihydrochloride (OPD). In embodiments, TMB is converted
from colorless to blue upon oxidation by HRP. In embodiments, ABTS is converted from
colorless to green upon oxidation by HRP. In embodiments, OPD is converted from colorless to

yellow-orange upon oxidation by HRP. In embodiments, the enzyme is AP, and the substrate is p-
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nitrophenyl phosphate (PNPP). In embodiments, PNPP is converted from colorless to yellow upon
hydrolysis by AP. In embodiments, the enzyme is B-galactosidase, and the substrate is o-
nitrophenyl-p-D-galactopyranoside (ONPG). In embodiments, ONPG is converted from colorless
to yellow upon hydrolysis by -galactosidase. Further non-limiting examples of substrates for
HRP include chemiluminescent substrates such as SUPERSIGNAL™, and fluorescent substrates
such as QUANTABLU™, QUANTARED™, and AMPLEX™ Red. Further non-limiting
examples of substrates for AP include the chemiluminescent substrates CDP™ and
DYNALIGHT™., Methods of detecting the substrates described herein are known in the art and
described, e.g., by Crowther, J.R. "The ELISA Guidebook." Methods in Molecular Biology.
Humana Press; Totowa, NJ (2001).

[00121] In embodiments, the method comprises measuring activity of the enzyme. In
embodiments, the measuring comprises measuring the detectable signal produced upon the
enzyme acting upon the substrate. In embodiments, the detectable signal is measured by light
scattering, optical absorbance, fluorescence, chemiluminescence, electrochemiluminescence,
bioluminescence, phosphorescence, radioactivity, magnetic field, or combination thereof. In
embodiments, the substrate is TMBM, ABTS, OPD, PNPP, or ONPG and produces a
chromogenic signal upon reacting with the enzyme. In embodiments, the substrate produces a
fluorescent signal upon reacting with the enzyme. In embodiments, the substrate produces a
chemiluminescent signal upon reacting with the enzyme. In embodiments, the amount of
measured detectable signal is used to determine the presence of the analyte in the sample. In
embodiments, the amount of measured detectable signal is used to determine the amount of

analyte in the sample.

I.C. Signal Amplification Reagent Comprising Second Detectable Label

[00122] In embodiments, the first complex comprising the capture reagent, the analyte, and the
detection reagent is contacted with a signal amplification reagent that specifically binds to the first
detectable label and that comprises a second detectable label. In embodiments, the first complex
comprises first and second detection reagents that each comprises a first detectable label, and the
signal amplification reagent specifically binds to the first detectable label on the first detection
reagent and to the first detectable label on the second detection reagent, as described herein and as
depicted in FIG. 22C.

[00123] Second detectable labels are further described herein. In embodiments, the second
detectable label is capable of being detected by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,

magnetic field, or combination thereof. In embodiments, the second detectable label comprises an
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ECL label as described herein. In embodiments, the ECL label comprises an organometallic
complex comprising at least one substituted bipyridine ligand, wherein the substituted bipyridine
ligand comprises at least one sulfonate group. In embodiments, the ECL label comprises an
organometallic complex comprising at least two substituted bipyridine ligands, wherein each
substituted bipyridine ligand comprises at least one sulfonate group. In embodiments, the
substituted bipyridine ligand is a compound of Formula I. In embodiments, the ECL label
comprises three ligands, wherein a first ligand is a compound of Formula I, and wherein a second
ligand comprises a bipyridine having at least one substituent that is covalently linked to the labeled
probe. In embodiments, the ECL label comprises an organometallic complex that comprises three
ligands, wherein two of the ligands are each a compound of Formula I, and wherein the third
ligand comprises a bipyridine having at least one substituent that is covalently linked to the labeled

probe. In embodiments, the organometallic complex comprises ruthenium, osmium, or rthenium.

[00124] In embodiments, the second detectable label comprises a compound of Formula I1. In
embodiments, the second detectable label comprises a compound of Formula III. In embodiments,
the second detectable label comprises a compound of Formula IV. In embodiments, the second
detectable label comprises a compound of Formula V. In embodiments, the second detectable

label comprises a compound of Formula VI.

[00125] In embodiments, the first detectable label of the detection reagent (e.g., first and/or
second detection reagents) and second detectable label of the signal amplification reagent are the
same. In embodiments, the first and second detectable labels each comprises an ECL label as
described herein. In embodiments, the first and second detectable labels each comprises a
compound of Formula II. In embodiments, the first and second detectable labels each comprises a
compound of Formula III. In embodiments, the first and second detectable labels each comprises a
compound of Formula I'V. In embodiments, the first and second detectable labels each comprises a
compound of Formula V. In embodiments, the first and second detectable labels each comprises a

compound of Formula VL

[00126] In embodiments, the first and second detectable labels are different. In embodiments, the
first detectable label is not detectable once it is bound by the signal amplification reagent. In
embodiments, the signal amplification reagent specifically binds to the first detectable label, and
not the second detectable label. In embodiments, the first detectable label comprises a compound
of Formula II, and the second detectable label comprises a compound of any one of Formulas III,
IV, V, or VL. In embodiments, the first detectable label comprises a compound of Formula III, and
the second detectable label comprises a compound of any one of Formulas II, IV, V, or V1. In

embodiments, the first detectable label comprises a compound of Formula IV, and the second
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detectable label comprises a compound of any one of Formulas II, III, V, or VI. In embodiments,
the first detectable label comprises a compound of Formula V, and the second detectable label
comprises a compound of any one of Formulas I, IIL, IV, or VI. In embodiments, the first
detectable label comprises a compound of Formula VI, and the second detectable label comprises
a compound of any one of Formulas II, III, IV, or V. In embodiments, the first detectable label is

detectably distinct from the second detectable label as described herein.

[00127] In embodiments, the method comprises measuring the amount of the first and second
detectable labels. In embodiments, the first and second detectable labels are detectably distinct, as
described herein. In embodiments, the method comprises separately measuring the amounts of the
first and second detectable labels. In embodiments, the first and second detectable labels are
measured by light scattering, optical absorbance, fluorescence, chemiluminescence,
electrochemiluminescence, bioluminescence, phosphorescence, radioactivity, magnetic field, or
combination thereof. In embodiments, the first and second detectable labels each comprises an
ECL label, and measuring the amount of the first and second detectable labels comprises
measuring an ECL signal. In embodiments, the amount of measured ECL signal is used to detect
the presence of the analyte in the sample. In embodiments, the amount of measured ECL signal is

used to determine the amount of analyte in the sample.

[00128] In embodiments, the method comprises measuring the amount of the second detectable
label. In embodiments, the second detectable label is measured by light scattering, optical
absorbance, fluorescence, chemiluminescence, electrochemiluminescence, bioluminescence,
phosphorescence, radioactivity, magnetic field, or combination thereof. In embodiments, the
second detectable label comprises an ECL label, and measuring the amount of the second
detectable label comprises measuring an ECL signal. In embodiments, the amount of measured
ECL signal is used to detect the presence of the analyte in the sample. In embodiments, the

amount of measured ECL signal is used to determine the amount of analyte in the sample.

L.D. Signal Amplification Reagent Comprising Nucleic Acid Probe

[00129] In embodiments, the first complex comprising the capture reagent, the analyte, and the
detection reagent is contacted with a signal amplification reagent that specifically binds to the first
detectable label and that comprises a nucleic acid probe. In embodiments, the first complex
comprises first and second detection reagents that each comprises a first detectable label, and the
signal amplification reagent specifically binds to the first detectable label on the first detection
reagent and to the first detectable label on the second detection reagent, as described herein and as
shown in FIG. 22D. In embodiments, the method comprises forming a second complex on the

surface comprising the first complex and the signal amplification reagent.
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[00130] In embodiments, the first complex comprises at least two first detectable labels, e.g., that
are present on first and second detection reagents as described herein, or that are present on a
single detection reagent as described herein. In embodiments, the method comprises contacting the
first complex with at least two signal amplification reagents. In embodiments, the signal
amplification reagent of the second complex as described herein is a first signal amplification
reagent, and the second complex further comprises a second signal amplification reagent, wherein
the first and second signal amplification reagents each binds to a distinct first detectable label
present on one or more detection reagents. In embodiments, the second complex comprises at least
two signal amplification reagents, wherein each signal amplification reagent comprises a nucleic
acid probe, e.g., as shown in FIG. 1C (showing three signal amplification reagents bound to a
detection reagent) and FIG. 1D (showing two signal amplification reagents bound to a detection
reagent). Thus, in embodiments, the second complex comprises one or more nucleic acid probes.
In embodiments, each nucleic acid probe of the second complex comprises a same sequence. In
embodiments, each nucleic acid probe of the second complex consists of a same sequence. In
embodiments, each nucleic acid probe of the second complex comprise different sequences. In
embodiments, two or more of the nucleic acid probes of the second complex comprises a same

sequence.

[00131] In embodiments, the method comprises extending the nucleic acid probe (e.g., each
nucleic acid probe of the second complex) to form an extended sequence. In embodiments, the
extending comprises ligating the nucleic acid probe (e.g., each nucleic acid probe of the second
complex) to a further oligonucleotide to form an extended sequence. In embodiments, the
extending comprises hybridizing the nucleic acid probe (e.g., each nucleic acid probe of the
second complex) to a further oligonucleotide, wherein at least a portion of the further
oligonucleotide comprises a complementary sequence to the nucleic acid probe, to form an

extended sequence.

[00132] In embodiments, the extending comprises binding the nucleic acid probe (e.g., each
nucleic acid probe of the second complex) to a template oligonucleotide for an extension reaction
to form an extended sequence. In embodiments, the second complex comprises multiple, e.g., at
least two, nucleic acid probes, and the extending comprises binding each nucleic acid probe to a
distinct template oligonucleotide and extending each nucleic acid probe to form multiple, e.g., at
least two, extended sequences. In embodiments, the second complex comprises multiple, e.g., at
least two, nucleic acid probes, and the extending comprises binding two nucleic acid probes to a
single template oligonucleotide and extending one or both nucleic acid probes to form an extended
sequence. In embodiments, the second complex comprises multiple, e.g., at least two, nucleic acid

probes, and the extending comprises binding two nucleic acid probes to two template
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oligonucleotides, wherein each template oligonucleotide binds to a portion of each of the two

nucleic acid probes, and extending one or both nucleic acid probes to form an extended sequence.

[00133] In embodiments, the nucleic acid probe is a primer for the extension reaction. In
embodiments, the extension reaction comprises PCR, LCR, SDA, 3SR, isothermal amplification
(such as, e.g., helicase-dependent amplification or rolling circle amplification), or combination
thereof. In embodiments, the extending comprises binding the nucleic acid probe to a template
oligonucleotide and extending the nucleic acid probe by PCR, LCR, SDA, 3SR, isothermal
amplification (such as, e.g., helicase-dependent amplification or rolling circle amplification), or
combination thereof. In embodiments, the extending comprises binding the nucleic acid probe to a
template oligonucleotide and extending the nucleic acid probe by PCR. In embodiments, the
extending comprises binding the nucleic acid probe to a template oligonucleotide, forming a
circular template oligonucleotide (e.g., by ligation of a linear template oligonucleotide), and

extending the nucleic acid probe by rolling circle amplification.

[00134] In embodiments, the second complex comprises at least two nucleic acid probes, and the
extending comprises: binding each nucleic acid probe to a distinct template oligonucleotide,
forming a circular template from each template oligonucleotide, and extending each nucleic acid
probe by RCA, e.g., as shown in FIG. 1C. In embodiments, the second complex comprises two
nucleic acid probes, and the extending comprises: contacting the two nucleic acid probes with two
template oligonucleotides, wherein each template oligonucleotide binds simultaneously to a
portion of each of the two nucleic acid probes; ligating the two template oligonucleotides to form a
circular template; and extending one or both of the nucleic acid probes by RCA, e.g., as shown in

FIG. 1D.

[00135] In embodiments, the second complex comprises first and second signal amplification
reagents, and the nucleic acid probes of the first and second signal amplification reagents comprise
or consist of a same sequence. In embodiments, the nucleic acid probes of the first and second
signal amplification reagents comprise different sequences. In embodiments where the nucleic
acid probes of the first and second signal amplification reagents comprise different sequences, the
template oligonucleotide is capable of being ligated when the two nucleic acid probes are in

proximity, thereby increasing specificity of the method for detecting the analyte.

[00136] In embodiments, the second complex comprises at least two nucleic acid probes
comprising different sequences. In embodiments, the two nucleic acid probes bind to adjacent
regions of a template oligonucleotide. In embodiments, the template oligonucleotide comprises an
interior sequence that is complementary to a first of the two nucleic acid probes; and 5' and 3'

sequences complementary to non-overlapping regions of a second of the two nucleic acid probes.
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In embodiments, the two nucleic acid probes are contacted with: a first template oligonucleotide
comprising a sequence complementary to a first region on a first of the two nucleic acid probes
and a first region on a second of the two nucleic acid probes; and a second template
oligonucleotide comprising a sequence complementary to a second region on the first of the two
nucleic acid probes and a second region on the second of the two nucleic acid probes, wherein the
first regions and the second regions on each nucleic acid probe are non-overlapping; ligating the
first and second template oligonucleotides to form a circular template; and extending one or both

nucleic acid probes by RCA to form an extended sequence.

[00137] In embodiments, the extended sequence comprises an anchoring region that is capable of
binding to an anchoring reagent. In embodiments, the first complex is on a surface, and the
method further comprises immobilizing an anchoring reagent on the surface. In embodiments, the
first complex is on a surface, and the surface further comprises an immobilized anchoring reagent.
In embodiments, the anchoring reagent is immobilized to the surface via a thioester, thioether,
disulfide, or combination thereof. In embodiments, the anchoring reagent is immobilized to the
surface via a targeting agent as further described herein. In embodiments, the anchoring reagent is
immobilized to the surface before, during, or after formation of the first complex described herein.
In embodiments, the anchoring reagent is immobilized to the surface before step (a) of the method.
In embodiments, the anchoring reagent is immobilized to the surface prior to forming the extended
sequence. In embodiments, the anchoring reagent is immobilized to the surface prior to measuring
the amount of extended sequence. In embodiments, the method comprises binding the anchoring
region of the extended sequence to the anchoring reagent. In embodiments, the measuring
comprises measuring the amount of extended sequence bound to the surface via the anchoring

reagent.

[00138] In embodiments, the anchoring reagent comprises an oligonucleotide, aptamer, aptamer
ligand, antibody, antigen, ligand, receptor, hapten, epitope, or mimotope. In embodiments, the
anchoring reagent comprises an aptamer ligand, and the anchoring region of the extended
sequence comprises an aptamer. In embodiments, the anchoring reagent comprises an
oligonucleotide-binding protein, and the anchoring region of the extended sequence comprises an
oligonucleotide sequence. In embodiments, the anchoring reagent comprises a single stranded
oligonucleotide. In embodiments, the anchoring reagent comprises a double stranded
oligonucleotide. In embodiments, the anchoring reagent and the anchoring region comprise
complementary oligonucleotides. In embodiments, the anchoring reagent comprises an anchoring
oligonucleotide. In embodiments, the anchoring region of the extended sequence comprises an

anchoring oligonucleotide complement that is complementary to the anchoring oligonucleotide.
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[00139] In embodiments, binding the extended sequence to the anchoring reagent comprises
forming a triple helix between the anchoring reagent and the anchoring region of the extended
sequence. In embodiments, binding the extended sequence to the anchoring reagent comprises
denaturing the anchoring region to expose a single stranded oligonucleotide region prior to the
binding; exposing the anchoring region to helicase activity prior to the binding; and/or exposing
the anchoring region to nuclease treatment prior to the binding, wherein the anchoring region
comprises one or more hapten-modified bases and the anchoring reagent comprises one or more
antibodies specific for the hapten; and/or the anchoring region comprises one or more ligand-

modified bases and the anchoring reagent comprises one or more receptors specific for the ligand.

[00140] In embodiments, the first complex comprises the analyte, a capture reagent, and a
detection reagent, as described herein. In embodiments, the first complex comprises the analyte, a
capture reagent, a first detection reagent, and a second detection reagent, as described herein. In
embodiments, the second complex comprises the capture reagent, the analyte, the detection
reagent, and the signal amplification reagent. In embodiments, the second complex comprises the
capture reagent, the analyte, the first detection reagent, the second detection reagent, and the signal
amplification reagent. In embodiments, the second complex is bound to the surface following the
extending of the labeled probe. In embodiments, the second complex is bound to the surface prior
to being contacted with the labeled probe. In embodiments, the extended sequence binds to the
anchoring reagent at a position within about 1 nm to about 500 nm, about 5 nm to about 250 nm,
about 10 nm to about 200 nm, or about 15 nm to about 150 nm from the second complex on the
surface. In embodiments, the extended sequence binds to the anchoring reagent at a position less
than 1 um from the second complex on the surface. In embodiments, the extended sequence binds
to the anchoring reagent at a position less than 500 nm from the second complex on the surface. In
embodiments, the extended sequence binds to the anchoring reagent at a position less than 200 nm

from the second complex on the surface.

[00141] In embodiments, measuring the amount of extended sequence comprises contacting the
extended sequence with a labeled probe comprising a second detectable label. In embodiments, the
labeled probe comprises more than one of the second detectable label. In embodiments, the labeled
probe comprises 1, 2, 3,4, 5, 6,7, 8,9, 10, or more than 10 of the second detectable label. In
embodiments, the labeled probe comprising the second detectable label binds to the extended
sequence. In embodiments, the extended sequence and the labeled probe comprise complementary
oligonucleotides. In embodiments, the extended sequence comprises a modified base, and
measuring the amount of extended sequence comprises contacting the extended sequence with a
detectable moiety that binds to the modified base. In embodiments, the modified base comprises

an aptamer, aptamer ligand, antibody, antigen, ligand, receptor, hapten, epitope, or mimotope, and
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the detectable moiety comprises a binding partner of the modified base and a second detectable
label. In embodiments, the modified base comprises streptavidin or avidin, and the detectable
moiety comprises biotin and a second detectable label. In embodiments, the modified base

comprises biotin, and the detectable moiety comprises avidin and a second detectable label.

[00142] Second detectable labels are further described herein. In embodiments, the second
detectable label is capable of being detected by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
magnetic field, or combination thereof. In embodiments, the second detectable label comprises an
ECL label as described herein. In embodiments, the ECL label comprises an organometallic
complex comprising at least one substituted bipyridine ligand, wherein the substituted bipyridine
ligand comprises at least one sulfonate group. In embodiments, the ECL label comprises an
organometallic complex comprising at least two substituted bipyridine ligands, wherein each
substituted bipyridine ligand comprises at least one sulfonate group. In embodiments, the
substituted bipyridine ligand is a compound of Formula I. In embodiments, the ECL label
comprises three ligands, wherein a first ligand is a compound of Formula I, and wherein a second
ligand comprises a bipyridine having at least one substituent that is covalently linked to the labeled
probe. In embodiments, the ECL label comprises an organometallic complex that comprises three
ligands, wherein two of the ligands are each a compound of Formula I, and wherein the third
ligand comprises a bipyridine having at least one substituent that is covalently linked to the labeled

probe. In embodiments, the organometallic complex comprises ruthenium, osmium, or rthenium.

[00143] In embodiments, the second detectable label comprises a compound of Formula I1. In
embodiments, the second detectable label comprises a compound of Formula III. In embodiments,
the second detectable label comprises a compound of Formula IV. In embodiments, the second
detectable label comprises a compound of Formula V. In embodiments, the second detectable

label comprises a compound of Formula VL.

[00144] In embodiments, the first detectable label of the detection reagent (e.g., first and/or
second detection reagents) and the second detectable label of the labeled probe are the same. In
embodiments, the first and second detectable labels each comprises an ECL label as described
herein. In embodiments, the first and second detectable labels each comprises a compound of
Formula II. In embodiments, the first and second detectable labels each comprises a compound of
Formula III. In embodiments, the first and second detectable labels each comprises a compound of
Formula IV. In embodiments, the first and second detectable labels each comprises a compound of
Formula V. In embodiments, the first and second detectable labels each comprises a compound of

Formula VI.
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[00145] In embodiments, the first and second detectable labels are different. In embodiments, the
first detectable label is not detectable once it is bound by the signal amplification reagent. In
embodiments, the signal amplification reagent specifically binds to the first detectable label, and
not the second detectable label. In embodiments, the first detectable label comprises a compound
of Formula II, and the second detectable label comprises a compound of any one of Formulas III,
IV, V, or VI. In embodiments, the first detectable label comprises a compound of Formula III, and
the second detectable label comprises a compound of any one of Formulas II, IV, V, or V1. In
embodiments, the first detectable label comprises a compound of Formula IV, and the second
detectable label comprises a compound of any one of Formulas II, III, V, or VL. In embodiments,
the first detectable label comprises a compound of Formula V, and the second detectable label
comprises a compound of any one of Formulas I, IIL, IV, or VI. In embodiments, the first
detectable label comprises a compound of Formula VI, and the second detectable label comprises
a compound of any one of Formulas II, III, IV, or V. In embodiments, the first detectable label is

detectably distinct from the second detectable label as described herein.

[00146] In embodiments, the method comprises measuring the amount of extended sequence by
measuring the amount of the second detectable label on the surface. In embodiments, the second
detectable label is measured by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
magnetic field, or combination thereof. In embodiments, the second detectable label comprises an
ECL label, and measuring the amount of the second detectable label comprises measuring an ECL
signal. In embodiments, the amount of measured ECL signal is used to detect the presence of the
analyte in the sample. In embodiments, the amount of measured ECL signal is used to determine

the amount of analyte in the sample.

[00147] In embodiments, the method further comprises measuring the amount of the first and
second detectable labels on the surface. In embodiments, the first and second detectable labels are
detectably distinct, as described herein. In embodiments, the method comprises separately
measuring the amounts of the first and second detectable labels. In embodiments, the first and
second detectable labels are measured by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
magnetic field, or combination thereof. In embodiments, the first and second detectable labels
each comprises an ECL label, and measuring the amount of the first and second detectable labels
comprises measuring an ECL signal. In embodiments, the amount of measured ECL signal is used
to detect the presence of the analyte in the sample. In embodiments, the amount of measured ECL

signal is used to determine the amount of analyte in the sample.
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II. SIGNAL AMPLIFICATION OF A DETECTION REAGENT COMPRISING FIRST
NUCLEIC ACID PROBE
[00148] In embodiments, the invention provides a method of detecting an analyte of interest in a
sample, comprising

forming a first complex on a surface, wherein the first complex comprises the analyte of
interest, a capture reagent that specifically binds the analyte, and a detection reagent that
specifically binds the analyte, wherein the detection reagent comprises a first nucleic acid probe;

extending the first nucleic acid probe to form a first extended sequence comprising a first
anchoring region, wherein the first anchoring region binds a first anchoring reagent that is
immobilized on the surface;

binding the first extended sequence to a first labeled probe comprising a first detectable
label; and

contacting the first labeled probe with a signal amplification reagent. In embodiments,
the first detectable label is an ECL label. Detection reagents comprising first nucleic acid probes;
extension of the first nucleic acid probe to form a first extended sequence; and binding of first

labeled probes to a first extended sequence are further described herein.

[00149] In embodiments, the first complex is formed by: contacting the analyte of interest with
(1) the surface; (ii) the capture reagent; and (iii) the detection reagent. In embodiments, the first
complex is formed by: contacting the sample with (i) the surface; (ii) the capture reagent; and (iii)
the detection reagent.

[00150] In embodiments, the detection reagent of the first complex is a first detection reagent,
and the first complex further comprises a second detection reagent, wherein each of the first and
second detection reagents comprises a proximity nucleic acid probe as described herein. In
embodiments, one or both of the proximity nucleic acid probes is extended to form the first
extended sequence comprising the first anchoring region as described herein. In embodiments, the
first complex is formed by: contacting the analyte of interest and/or the sample with (i) the surface;
(i1) the capture reagent; (iii) the first detection reagent; and (iv) the second detection reagent. As
described herein, the capture reagent and the first and second detection reagents may be contacted

with the sample and/or the analyte in any order.

[00151] In embodiments, the capture reagent is immobilized on the surface, as described herein.
In embodiments, the capture reagent is capable of being immobilized on the surface. In
embodiments, the method comprises immobilizing the capture reagent to the surface before,

during, or after formation of the first complex. In embodiments, the method comprises
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immobilizing the capture reagent to the surface prior to step (a) of the method. Methods of

immobilizing capture reagents to surfaces are provided herein.

[00152] In embodiments, the method further comprises, prior to contacting the first labeled probe
with the signal amplification reagent, detecting the first complex on the surface. In embodiments,
the detecting comprises measuring the amount of the first extended sequence bound to the surface.
In embodiments, the detecting comprises measuring the amount of the first labeled probe bound to
the first extended sequence. In embodiments, the detecting comprises measuring the amount of the
first detectable label of the first labeled probe. In embodiments, the first detectable label is
measured by light scattering, optical absorbance, fluorescence, chemiluminescence,
electrochemiluminescence, bioluminescence, phosphorescence, radioactivity, magnetic field, or
combination thereof. In embodiments, the first detectable label comprises an ECL label, and

measuring the amount of the first detectable label comprises measuring an ECL signal.

[00153] In embodiments, the first labeled probe comprises multiple first detectable labels, and
multiple signal amplification reagents bind to the first labeled probe, wherein each signal
amplification reagent binds to a separate first detectable label on the detection reagent. In
embodiments, the first extended sequence binds multiple first labeled probes, and a separate signal

amplification reagent binds to each of the multiple first labeled probes.

II.A. Signal Amplification Reagent Comprising Binding Moiety

[00154] In embodiments, the first labeled probe is contacted with: (1) a signal amplification
reagent comprising a binding moiety, and (2) a detectable moiety, wherein the detectable moiety
comprises: (i) a binding partner of the binding moiety and (ii) one or more of a second detectable
label.

[00155] In embodiments, the binding moiety comprises an oligonucleotide, and the detectable
moiety comprises a complementary oligonucleotide. In embodiments, the binding moiety and the
detectable moiety comprise a receptor-ligand pair, an antigen-antibody pair, a hapten-antibody
pair, an epitope-antibody pair, a mimotope-antibody pair, an aptamer-target molecule pair, an
intercalator-target molecule pair, or an enzyme-substrate pair. In embodiments, the binding moiety
comprises multiple binding sites for the detectable moiety. In embodiments, the binding moiety
comprises 2, 3,4, 5, 6,7, 8,9, or 10 binding sites for the detectable moiety. In embodiments, the
detectable moiety comprises multiple binding sites for the binding moiety. In embodiments, the
detectable moiety comprises 2, 3,4, 5, 6, 7, 8, 9, or 10 binding sites for the binding moiety. For
example, one streptavidin is capable of binding four biotin molecules. In embodiments, the

binding moiety comprises biotin, and the detectable moiety comprises avidin or streptavidin. In
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embodiments, the binding moiety comprises avidin or streptavidin, and the detectable moiety

comprises biotin.

[00156] In embodiments, the detectable moiety comprises a second detectable label. In
embodiments, the detectable moiety comprises more than one of the second detectable label. In
embodiments, the detectable moiety comprises 1, 2, 3,4, 5, 6, 7, 8, 9, 10, or more than 10 of the
second detectable label.

[00157] In embodiments, the second detectable label is capable of being detected by light
scattering, optical absorbance, fluorescence, chemiluminescence, electrochemiluminescence,
bioluminescence, phosphorescence, radioactivity, magnetic field, or combination thereof. In
embodiments, the second detectable label comprises an ECL label as described herein. In
embodiments, the ECL label comprises an organometallic complex comprising at least one
substituted bipyridine ligand, wherein the substituted bipyridine ligand comprises at least one
sulfonate group. In embodiments, the ECL label comprises an organometallic complex comprising
at least two substituted bipyridine ligands, wherein each substituted bipyridine ligand comprises at
least one sulfonate group. In embodiments, the substituted bipyridine ligand is a compound of
Formula I. In embodiments, the ECL label comprises three ligands, wherein a first ligand is a
compound of Formula I, and wherein a second ligand comprises a bipyridine having at least one
substituent that is covalently linked to the detectable moiety. In embodiments, the ECL label
comprises an organometallic complex that comprises three ligands, wherein two of the ligands are
each a compound of Formula I, and wherein the third ligand comprises a bipyridine having at least
one substituent that is covalently linked to the detectable moiety. In embodiments, the

organometallic complex comprises ruthenium, osmium, or thenium.

[00158] In embodiments, the second detectable label comprises a compound of Formula I1. In
embodiments, the second detectable label comprises a compound of Formula ITI. In embodiments,
the second detectable label comprises a compound of Formula IV. In embodiments, the second
detectable label comprises a compound of Formula V. In embodiments, the second detectable

label comprises a compound of Formula VL.

[00159] In embodiments, the first detectable label of the first labeled probe and second detectable
label of the detectable moiety are the same. In embodiments, the first and second detectable labels
each comprises an ECL label as described herein. In embodiments, the first and second detectable
labels each comprises a compound of Formula II. In embodiments, the first and second detectable
labels each comprises a compound of Formula III. In embodiments, the first and second detectable

labels each comprises a compound of Formula IV. In embodiments, the first and second detectable
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labels each comprises a compound of Formula V. In embodiments, the first and second detectable

labels each comprises a compound of Formula V1.

[00160] In embodiments, the first and second detectable labels are different. In embodiments, the
first detectable label is not detectable once it is bound by the signal amplification reagent. In
embodiments, the signal amplification reagent specifically binds to the first detectable label, and
not the second detectable label. In embodiments, the first detectable label comprises a compound
of Formula II, and the second detectable label comprises a compound of any one of Formulas III,
IV, V, or VI. In embodiments, the first detectable label comprises a compound of Formula III, and
the second detectable label comprises a compound of any one of Formulas II, IV, V, or V1. In
embodiments, the first detectable label comprises a compound of Formula IV, and the second
detectable label comprises a compound of any one of Formulas II, III, V, or VL. In embodiments,
the first detectable label comprises a compound of Formula V, and the second detectable label
comprises a compound of any one of Formulas I, IIL, IV, or VI. In embodiments, the first
detectable label comprises a compound of Formula VI, and the second detectable label comprises
a compound of any one of Formulas II, III, IV, or V. In embodiments, the first detectable label is

detectably distinct from the second detectable label as described herein.

[00161] In embodiments, the first labeled probe is first contacted with the signal amplification
reagent, then contacted with the detectable moiety. In embodiments, the first labeled probe is
contacted with the signal amplification reagent and the detectable moiety simultaneously or

substantially simultaneously.

[00162] In embodiments, the contacting comprises: (i) forming a signal amplification complex
comprising the signal amplification reagent and the detectable moiety; and (ii) contacting the first
labeled probe with the signal amplification complex. In embodiments, the detectable moiety
comprises multiple binding sites for the binding moiety and/or the binding moiety comprises
multiple binding sites for the detectable moiety, and the signal amplification complex comprises a
plurality of signal amplification reagents, and wherein each signal amplification reagent is bound
to one or more detectable moieties. In embodiments, the first complex and the signal amplification
complex are formed simultaneously or substantially simultaneously. In embodiments, the first
complex and the signal amplification complex are formed sequentially. In embodiments, the first
complex is formed on the surface, and the signal amplification complex is formed in a separate

reaction vessel or container.

[00163] In embodiments where the binding moiety comprises an oligonucleotide binding moiety
and the detectable moiety comprises a complementary oligonucleotide to the oligonucleotide

binding moiety, the method further comprises increasing the length of the oligonucleotide binding
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moiety prior to binding to the detectable moiety. In embodiments, increasing the length of the
oligonucleotide binding moiety comprises ligating the oligonucleotide binding moiety to a further
oligonucleotide. In embodiments, increasing the length of the oligonucleotide binding moiety
comprises hybridizing the oligonucleotide binding moiety to a further oligonucleotide, wherein at
least a portion of the further oligonucleotide comprises a complementary sequence to the
oligonucleotide binding moiety. In embodiments, the further oligonucleotide comprises more than
one complementary sequences to the detectable moiety, thereby allowing more than one copy of
the detectable moiety to bind to the second complex and further amplifying the assay signal, as

described in embodiments herein.

[00164] In embodiments, the method comprises measuring the amount of the first and second
detectable labels on the surface. In embodiments, the first and second detectable labels are
detectably distinct, as described herein. In embodiments, the method comprises separately
measuring the amounts of the first and second detectable labels. In embodiments, the first and
second detectable labels are measured by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
magnetic field, or combination thereof. In embodiments, the first and second detectable labels
each comprises an ECL label, and measuring the amount of the first and second detectable labels
comprises measuring an ECL signal. In embodiments, the amount of measured ECL signal is used
to detect the presence of the analyte in the sample. In embodiments, the amount of measured ECL

signal is used to determine the amount of analyte in the sample.

[00165] In embodiments, the method comprises measuring the amount of the second detectable
label on the surface. In embodiments, the second detectable label is measured by light scattering,
optical absorbance, fluorescence, chemiluminescence, electrochemiluminescence,
bioluminescence, phosphorescence, radioactivity, magnetic field, or combination thereof. In
embodiments, the second detectable label comprises an ECL label, and measuring the amount of
the second detectable label comprises measuring an ECL signal. In embodiments, the amount of
measured ECL signal is used to detect the presence of the analyte in the sample. In embodiments,
the amount of measured ECL signal is used to determine the amount of analyte in the sample.
IL.B. Signal Amplification Reagent Comprising Enzyme

[00166] In embodiments, the first labeled probe is contacted with: (1) a signal amplification
reagent that specifically binds to the first detectable label and that comprises an enzyme, and (2) a

substrate of the enzyme.
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[00167] In embodiments, the signal amplification reagent comprises an enzyme that acts upon a
substrate. In embodiments, the enzyme is horseradish peroxidase (HRP), alkaline phosphatase

(AP), B-galactosidase, glucose oxidase (GO), acetylcholinesterase, catalase, or B-lactamase.

[00168] In embodiments, the signal amplification reagent comprises an enzyme that acts upon a
substrate for the enzyme. In embodiments, the enzyme binds to and acts upon the substrate, e.g.,
via oxidation, reduction, hydrolysis, or combination thereof, to produce a detectable signal. In
embodiments, the detectable signal comprises a chromogenic signal, chemiluminescence,
fluorescence, or a combination thereof. In embodiments, the enzyme is HRP, AP, or 3-
galactosidase. In embodiments, the enzyme is HRP, and the detectable moiety is TMB, ABTS, or
OPD. In embodiments, the binding moiety is AP, and the detectable moiety is PNPP. In
embodiments, the binding moiety is f-galactosidase, and the detectable moiety is ONPG. Further
non-limiting examples of substrates for HRP include chemiluminescent substrates such as
SUPERSIGNAL™, and fluorescent substrates such as QUANTABLU™, QUANTARED™, and
AMPLEX™ Red. Further non-limiting examples of substrates for AP include the
chemiluminescent substrates CDP™ and DYNALIGHT™, Detection methods for various enzyme

substrates, including TMB, ABTS, OPD, PNPP, and ONPG, are further described herein.

[00169] In embodiments, the method comprises measuring activity of the enzyme. In
embodiments, the measuring comprises measuring the detectable signal produced upon the
enzyme acting upon the substrate. In embodiments, the detectable signal is measured by light
scattering, optical absorbance, fluorescence, chemiluminescence, electrochemiluminescence,
bioluminescence, phosphorescence, radioactivity, magnetic field, or combination thereof. In
embodiments, the substrate is TMBM, ABTS, OPD, PNPP, or ONPG and produces a
chromogenic signal upon reacting with the enzyme. In embodiments, the substrate produces a
fluorescent signal upon reacting with the enzyme. In embodiments, the substrate produces a
chemiluminescent signal upon reacting with the enzyme. In embodiments, the amount of
measured detectable signal is used to determine the presence of the analyte in the sample. In
embodiments, the amount of measured detectable signal is used to determine the amount of
analyte in the sample.

II.C. Signal Amplification Reagent Comprising Second Detectable Label

[00170] In embodiments, the first labeled probe is contacted with a signal amplification reagent
that specifically binds to the first detectable label and that comprises a second detectable label.
[00171] Second detectable labels are further described herein. In embodiments, the second
detectable label is capable of being detected by light scattering, optical absorbance, fluorescence,

chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
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magnetic field, or combination thereof. In embodiments, the second detectable label comprises an
ECL label as described herein. In embodiments, the ECL label comprises an organometallic
complex comprising at least one substituted bipyridine ligand, wherein the substituted bipyridine
ligand comprises at least one sulfonate group. In embodiments, the ECL label comprises an
organometallic complex comprising at least two substituted bipyridine ligands, wherein each
substituted bipyridine ligand comprises at least one sulfonate group. In embodiments, the
substituted bipyridine ligand is a compound of Formula I. In embodiments, the ECL label
comprises three ligands, wherein a first ligand is a compound of Formula I, and wherein a second
ligand comprises a bipyridine having at least one substituent that is covalently linked to the labeled
probe. In embodiments, the ECL label comprises an organometallic complex that comprises three
ligands, wherein two of the ligands are each a compound of Formula I, and wherein the third
ligand comprises a bipyridine having at least one substituent that is covalently linked to the labeled

probe. In embodiments, the organometallic complex comprises ruthenium, osmium, or rthenium.

[00172] In embodiments, the second detectable label comprises a compound of Formula I1. In
embodiments, the second detectable label comprises a compound of Formula III. In embodiments,
the second detectable label comprises a compound of Formula IV. In embodiments, the second
detectable label comprises a compound of Formula V. In embodiments, the second detectable

label comprises a compound of Formula VL.

[00173] In embodiments, the first detectable label of the labeled probe and second detectable
label of the signal amplification reagent are the same. In embodiments, the first and second
detectable labels each comprises an ECL label as described herein. In embodiments, the first and
second detectable labels each comprises a compound of Formula II. In embodiments, the first and
second detectable labels each comprises a compound of Formula III. In embodiments, the first and
second detectable labels each comprises a compound of Formula IV. In embodiments, the first and
second detectable labels each comprises a compound of Formula V. In embodiments, the first and

second detectable labels each comprises a compound of Formula VI.

[00174] In embodiments, the first and second detectable labels are different. In embodiments, the
first detectable label is not detectable once it is bound by the signal amplification reagent. In
embodiments, the signal amplification reagent specifically binds to the first detectable label, and
not the second detectable label. In embodiments, the first detectable label comprises a compound
of Formula II, and the second detectable label comprises a compound of any one of Formulas III,
IV, V, or VL. In embodiments, the first detectable label comprises a compound of Formula III, and
the second detectable label comprises a compound of any one of Formulas II, IV, V, or V1. In

embodiments, the first detectable label comprises a compound of Formula IV, and the second
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detectable label comprises a compound of any one of Formulas II, III, V, or VI. In embodiments,
the first detectable label comprises a compound of Formula V, and the second detectable label
comprises a compound of any one of Formulas I, IIL, IV, or VI. In embodiments, the first
detectable label comprises a compound of Formula VI, and the second detectable label comprises
a compound of any one of Formulas II, III, IV, or V. In embodiments, the first detectable label is

detectably distinct from the second detectable label as described herein.

[00175] In embodiments, the method comprises measuring the amount of the first and second
detectable labels. In embodiments, the first and second detectable labels are detectably distinct, as
described herein. In embodiments, the method comprises separately measuring the amounts of the
first and second detectable labels. In embodiments, the first and second detectable labels are
measured by light scattering, optical absorbance, fluorescence, chemiluminescence,
electrochemiluminescence, bioluminescence, phosphorescence, radioactivity, magnetic field, or
combination thereof. In embodiments, the first and second detectable labels each comprises an
ECL label, and measuring the amount of the first and second detectable labels comprises
measuring an ECL signal. In embodiments, the amount of measured ECL signal is used to detect
the presence of the analyte in the sample. In embodiments, the amount of measured ECL signal is

used to determine the amount of analyte in the sample.

[00176] In embodiments, the method comprises measuring the amount of the second detectable
label. In embodiments, the second detectable label is measured by light scattering, optical
absorbance, fluorescence, chemiluminescence, electrochemiluminescence, bioluminescence,
phosphorescence, radioactivity, magnetic field, or combination thereof. In embodiments, the
second detectable label comprises an ECL label, and measuring the amount of the second
detectable label comprises measuring an ECL signal. In embodiments, the amount of measured
ECL signal is used to detect the presence of the analyte in the sample. In embodiments, the

amount of measured ECL signal is used to determine the amount of analyte in the sample.

IL.D. Signal Amplification Reagent Comprising Second Nucleic Acid Probe

[00177] In embodiments, the first labeled probe is contacted with a signal amplification reagent
that specifically binds to the first detectable label and that comprises a second nucleic acid probe.
In embodiments, the method comprises forming a second complex on the surface comprising the
first labeled probe and the signal amplification reagent.

[00178] In embodiments, the method comprises extending the second nucleic acid probe to form
a second extended sequence. In embodiments, the extending comprises ligating the second nucleic
acid probe to a further oligonucleotide to form a second extended sequence. In embodiments, the

extending comprises hybridizing the second nucleic acid probe to a further oligonucleotide,
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wherein at least a portion of the further oligonucleotide comprises a complementary sequence to
the second nucleic acid probe, to form a second extended sequence. In embodiments, the
extending comprises binding the second nucleic acid probe to a template oligonucleotide for an
extension reaction to form a second extended sequence. In embodiments, the second nucleic acid
probe is a primer for the extension reaction. In embodiments, the extension reaction comprises
PCR, LCR, SDA, 3SR, isothermal amplification (such as, e.g., helicase-dependent amplification
or rolling circle amplification), or combination thereof. In embodiments, the extending comprises
binding the second nucleic acid probe to a template oligonucleotide and extending the second
nucleic acid probe by PCR, LCR, SDA, 3SR, isothermal amplification (such as, e.g., helicase-
dependent amplification or rolling circle amplification), or combination thereof. In embodiments,
the extending comprises binding the second nucleic acid probe to a template oligonucleotide and
extending the second nucleic acid probe by PCR. In embodiments, the extending comprises
binding the second nucleic acid probe to a template oligonucleotide, forming a circular template
oligonucleotide (e.g., by ligation of a linear template oligonucleotide), and extending the second

nucleic acid probe by rolling circle amplification.

[00179] In embodiments, the second extended sequence comprises a second anchoring region. In
embodiments, the second anchoring region binds to a second anchoring reagent on the surface. In
embodiments, the second anchoring reagent is immobilized on the surface before, during, or after
formation of the first complex described herein. In embodiments, the second anchoring reagent is
immobilized on the surface before, during, or after formation of the second complex described
herein. In embodiments, the second anchoring reagent is immobilized to the surface before step (a)
of the method. In embodiments, the second anchoring reagent is immobilized to the surface prior
to forming the second extended sequence. In embodiments, the second anchoring reagent is
immobilized to the surface prior to measuring the amount of the second extended sequence. In
embodiments, the second anchoring reagent is immobilized to the surface via a thioester, thioether,
disulfide, or combination thereof. In embodiments, the second anchoring reagent is immobilized to

the surface via a targeting agent as further described herein.

[00180] In embodiments, the second anchoring reagent comprises an oligonucleotide, aptamer,
aptamer ligand, antibody, antigen, ligand, receptor, hapten, epitope, or mimotope. In
embodiments, the second anchoring reagent comprises an aptamer ligand, and the second
anchoring region comprises an aptamer. In embodiments, the second anchoring reagent comprises
an oligonucleotide-binding protein, and the second anchoring region comprises an oligonucleotide
sequence. In embodiments, the second anchoring reagent comprises a single stranded
oligonucleotide. In embodiments, the second anchoring reagent comprises a double stranded

oligonucleotide. In embodiments, the second anchoring reagent and the second anchoring region
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comprise complementary oligonucleotides. In embodiments, the second anchoring reagent
comprises a second anchoring oligonucleotide. In embodiments, the second anchoring region
comprises a second anchoring oligonucleotide complement that is complementary to the second

anchoring oligonucleotide.

[00181] In embodiments, binding the second extended sequence to the second anchoring reagent
comprises forming a triple helix between the anchoring reagent and the second anchoring region.
In embodiments, binding the second extended sequence to the second anchoring reagent comprises
denaturing the second anchoring region to expose a single stranded oligonucleotide region prior to
the binding; exposing the second anchoring region to helicase activity prior to the binding; and/or
exposing the second anchoring region to nuclease treatment prior to the binding, wherein the
second anchoring region comprises one or more hapten-modified bases and the second anchoring
reagent comprises one or more antibodies specific for the hapten; and/or the second anchoring
region comprises one or more ligand-modified bases and the second anchoring reagent comprises

one or more receptors specific for the ligand.

[00182] In embodiments, the second extended sequence is bound to the second anchoring reagent
prior to being contacted with the second labeled probe. In embodiments, the second complex is
bound to the surface following extension of the second nucleic acid probe. In embodiments, the
second extended sequence binds to the second anchoring reagent at a position within about 1 nm
to about 500 nm, about 5 nm to about 250 nm, about 10 nm to about 200 nm, or about 15 nm to
about 150 nm from the second complex on the surface. In embodiments, the second extended
sequence binds to the second anchoring reagent at a position less than 1 um from the second
complex on the surface. In embodiments, the second extended sequence binds to the second
anchoring reagent at a position less than 500 nm from the second complex on the surface. In
embodiments, the second extended sequence binds to the second anchoring reagent at a position

less than 200 nm from the second complex on the surface.

[00183] In embodiments, the first anchoring region and the second anchoring region comprise a
same oligonucleotide sequence. In embodiments, the first anchoring region and the second
anchoring region comprise different oligonucleotide sequences. In embodiments, the first
anchoring reagent and the second anchoring reagent comprise a same oligonucleotide sequence. In
embodiments, the first anchoring reagent and the second anchoring reagent comprise different
oligonucleotide sequences. In embodiments, the first anchoring region and the second anchoring

region bind to separate portions of a first and/or second anchoring reagent.

[00184] In embodiments, the method comprises measuring the amount of the first extended

sequence, the second extended sequence, or both, on the surface. In embodiments, the second
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extended sequence is contacted with a second labeled probe comprising a second detectable label.
In embodiments, the first labeled probe and the second labeled probe comprise a same
oligonucleotide sequence. In embodiments, the first labeled probe and the second labeled probe

comprise different oligonucleotide sequences.

[00185] In embodiments, the second labeled probe comprises more than one of the second
detectable label. In embodiments, the second labeled probe comprises 1, 2,3, 4, 5, 6,7, 8,9, 10, or
more than 10 of the second detectable label. In embodiments, the second labeled probe comprising
the second detectable label binds to the second extended sequence. In embodiments, the second
extended sequence and the second labeled probe comprise complementary oligonucleotides. In
embodiments, the second extended sequence comprises a modified base, and measuring the
amount of extended sequence comprises contacting the extended sequence with a detectable
moiety that binds to the modified base. In embodiments, the modified base comprises an aptamer,
aptamer ligand, antibody, antigen, ligand, receptor, hapten, epitope, or mimotope, and the
detectable moiety comprises a binding partner of the modified base and a second detectable label.
In embodiments, the modified base comprises streptavidin or avidin, and the detectable moiety
comprises biotin and a second detectable label. In embodiments, the modified base comprises

biotin, and the detectable moiety comprises avidin and a second detectable label.

[00186] Second detectable labels are further described herein. In embodiments, the second
detectable label is capable of being detected by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
magnetic field, or combination thereof. In embodiments, the second detectable label comprises an
ECL label as described herein. In embodiments, the ECL label comprises an organometallic
complex comprising at least one substituted bipyridine ligand, wherein the substituted bipyridine
ligand comprises at least one sulfonate group. In embodiments, the ECL label comprises an
organometallic complex comprising at least two substituted bipyridine ligands, wherein each
substituted bipyridine ligand comprises at least one sulfonate group. In embodiments, the
substituted bipyridine ligand is a compound of Formula I. In embodiments, the ECL label
comprises three ligands, wherein a first ligand is a compound of Formula I, and wherein a second
ligand comprises a bipyridine having at least one substituent that is covalently linked to the second
labeled probe. In embodiments, the ECL label comprises an organometallic complex that
comprises three ligands, wherein two of the ligands are each a compound of Formula I, and
wherein the third ligand comprises a bipyridine having at least one substituent that is covalently
linked to the second labeled probe. In embodiments, the organometallic complex comprises

ruthenium, osmium, or rthenium.
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[00187] In embodiments, the second detectable label comprises a compound of Formula II. In
embodiments, the second detectable label comprises a compound of Formula III. In embodiments,
the second detectable label comprises a compound of Formula IV. In embodiments, the second
detectable label comprises a compound of Formula V. In embodiments, the second detectable

label comprises a compound of Formula VL.

[00188] In embodiments, the first detectable label of the detection reagent and the second
detectable label of the second labeled probe are the same. In embodiments, the first and second
detectable labels each comprises an ECL label as described herein. In embodiments, the first and
second detectable labels each comprises a compound of Formula II. In embodiments, the first and
second detectable labels each comprises a compound of Formula III. In embodiments, the first and
second detectable labels each comprises a compound of Formula IV. In embodiments, the first and
second detectable labels each comprises a compound of Formula V. In embodiments, the first and

second detectable labels each comprises a compound of Formula V1.

[00189] In embodiments, the first and second detectable labels are different. In embodiments, the
first detectable label is not detectable once it is bound by the signal amplification reagent. In
embodiments, the signal amplification reagent specifically binds to the first detectable label, and
not the second detectable label. In embodiments, the first detectable label comprises a compound
of Formula II, and the second detectable label comprises a compound of any one of Formulas III,
IV, V, or VI. In embodiments, the first detectable label comprises a compound of Formula III, and
the second detectable label comprises a compound of any one of Formulas II, IV, V, or V1. In
embodiments, the first detectable label comprises a compound of Formula IV, and the second
detectable label comprises a compound of any one of Formulas II, III, V, or VL. In embodiments,
the first detectable label comprises a compound of Formula V, and the second detectable label
comprises a compound of any one of Formulas I, IIL, IV, or VI. In embodiments, the first
detectable label comprises a compound of Formula VI, and the second detectable label comprises
a compound of any one of Formulas II, III, IV, or V. In embodiments, the first detectable label is

detectably distinct from the second detectable label as described herein.

[00190] In embodiments, the method comprises measuring the amount of the first extended
sequence and the second extended sequence by measuring the amount of the first and second
detectable labels on the surface. In embodiments, the first and second detectable labels are
detectably distinct, as described herein. In embodiments, the method comprises separately
measuring the amounts of the first and second detectable labels. In embodiments, the first and
second detectable labels are measured by light scattering, optical absorbance, fluorescence,

chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
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magnetic field, or combination thereof. In embodiments, the first and second detectable labels
each comprises an ECL label, and measuring the amount of the first and second detectable labels
comprises measuring an ECL signal. In embodiments, the amount of measured ECL signal is used
to detect the presence of the analyte in the sample. In embodiments, the amount of measured ECL

signal is used to determine the amount of analyte in the sample.

[00191] In embodiments, the method comprises measuring the amount of the second extended
sequence by measuring the amount of the second detectable label on the surface. In embodiments,
the second detectable label is measured by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence, radioactivity,
magnetic field, or combination thereof. In embodiments, the second detectable label comprises an
ECL label, and measuring the amount of the second detectable label comprises measuring an ECL
signal. In embodiments, the amount of measured ECL signal is used to detect the presence of the
analyte in the sample. In embodiments, the amount of measured ECL signal is used to determine

the amount of analyte in the sample.

Surface

[00192] In embodiments, the first complex comprises a capture reagent, and the capture reagent
is immobilized to the surface. In embodiments, the first complex comprises a capture reagent, and
the capture reagent is directly immobilized on the surface. In embodiments, the capture reagent is
indirectly immobilized on the surface via secondary binding reagents, e.g., a targeting agent. In
embodiments, the capture reagent is linked to a targeting agent complement that binds to a
targeting agent immobilized on the surface. In embodiments, the targeting agent complement
directly binds to the targeting agent. In embodiments, the targeting agent and targeting agent
complement comprise complementary oligonucleotides, a receptor-ligand pair, an antigen-
antibody pair, a hapten-antibody pair, an epitope-antibody pair, a mimotope-antibody pair, an
aptamer-target molecule pair, hybridization partners, or an intercalator-target molecule pair. In
embodiments, the targeting agent and targeting agent complement are cross-reactive moieties, e.g.,
thiol and maleimide or iodoacetamide; aldehyde and hydrazide; or azide and alkyne or
cycloalkyne. In embodiments, the targeting agent is biotin, and the targeting agent complement is

avidin or streptavidin.

[00193] In embodiments, the targeting agent complement binds to the targeting agent via a
targeting bridge agent, which is a binding partner of both the targeting agent and the targeting
agent complement. In embodiments, the targeting bridge agent comprises multiple binding sites.
In embodiments, the targeting bridge agent is streptavidin or avidin, and the targeting agent and

targeting agent complement are each biotin.
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[00194] In embodiments, the first complex, which comprises the capture reagent, the analyte, and
the detection reagent, is formed in a single step. In embodiments, the first complex, which
comprises the capture reagent, the analyte, and the first and second detection reagents, is formed in
a single step. In embodiments, the first complex is formed in one or more steps. In embodiments,
the first complex is formed on the surface. In embodiments, the first complex is formed in
solution, then immobilized to the surface. In embodiments, the first complex is formed by binding
the analyte to the capture reagent immobilized on the surface, then binding the detection reagent to
the analyte to form the first complex on the surface. In embodiments, the first complex is formed
by binding the analyte to the capture reagent immobilized on the surface, then binding the first and
second detection reagents to the analyte to form the first complex on the surface. In embodiments,
the first complex is formed by binding the analyte to the capture reagent immobilized on the
surface and to the detection reagent simultaneously. In embodiments, the first complex is formed
by binding the analyte to the capture reagent immobilized on the surface and to one or both of the
first and second detection reagents simultaneously. In embodiments, the first complex is formed
by binding the analyte to the detection reagent in solution to form an analyte-detection reagent
complex, then binding the analyte-detection reagent complex to the capture reagent on the surface.
In embodiments, the first complex is formed by binding the analyte to the first and second
detection reagents in solution to form an analyte-detection reagent complex, then binding the
analyte-detection reagent complex to the capture reagent on the surface. In embodiments, the first
complex is formed by binding the analyte to the capture reagent and the detection reagent in
solution, then immobilizing the capture reagent to the surface as described herein. In
embodiments, the first complex is formed by binding the analyte to the capture reagent and the
first and second detection reagents in solution, then immobilizing the capture reagent to the
surface as described herein. In embodiments where the first complex comprises first and second
detection reagents, the first and second detection reagents may be bound to the analyte

simultaneously or sequentially.

[00195] In embodiments comprising an anchoring reagent (e.g., an anchoring reagent for binding
to an extended sequence, a first anchoring reagent for binding to a first extended sequence, and/or
a second anchoring reagent for binding to a second extended sequence, as described herein), the
anchoring reagent is immobilized to the surface. In embodiments, the anchoring reagent is directly
immobilized on the surface. In embodiments, the anchoring reagent is indirectly immobilized on
the surface via secondary binding reagents, e.g., a targeting reagent as described herein. In
embodiments, the targeting agent and targeting agent complement for the anchoring reagent is
selected such that the targeting agent and targeting agent complement associated with the

anchoring reagent are substantially non-cross-reactive with the targeting agent and targeting agent
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complement associated with the capture reagent. In embodiments, the same targeting agent and
targeting complement pair is associated with the capture reagent and the anchoring reagent. In
embodiments, the targeting agent complement binds to the targeting agent via a targeting bridge
agent as described herein. In embodiments, the anchoring reagent is immobilized to the surface
simultaneously or substantially simultaneously as the capture reagent is immobilized to the
surface. In embodiments, the anchoring reagent is immobilized to the surface before the capture
reagent is immobilized to the surface. In embodiments, the anchoring reagent is immobilized to
the surface after the capture reagent is immobilized to the surface. In embodiments, the anchoring
reagent is immobilized to the surface before, during, or after formation of the first complex
described herein. In embodiments, the anchoring reagent is immobilized to the surface prior to
forming the extended sequence described herein. In embodiments, the anchoring reagent is

immobilized to the surface prior to measuring the measuring the amount of extended sequence.

[00196] In embodiments, the surface comprises a particle. In embodiments, the surface comprises
awell of multi-well plate. In embodiments, the surface comprises a plurality of distinct binding
domains, and the capture reagent and anchoring reagent are located on two distinct binding
domains on the surface. In embodiments where the surface comprises a well, the well comprises a
plurality of distinct binding domains, and the capture reagent and anchoring reagent are located on
two distinct binding domains within the well. In embodiments, the surface comprises a plurality of
distinct binding domains, and the capture reagent and anchoring reagent are located on the same
binding domain on the surface. In embodiments where the surface comprises a well, the well
comprises a plurality of distinct binding domains, and the capture reagent and anchoring reagent
are located on the same binding domain within the well. In embodiments, the capture reagent is
within about 1 nm to about 500 nm, about 5 nm to about 250 nm, about 10 nm to about 200 nm, or
about 15 nm to about 150 nm of the anchoring reagent on the surface. In embodiments, the capture
reagent is less than 1 um from the anchoring reagent on the surface. In embodiments, the capture
reagent is less than 500 nm from the anchoring reagent on the surface. In embodiments, the

capture reagent is less than 200 nm from the anchoring reagent on the surface.

[00197] In embodiments where the detection reagent comprises a first nucleic acid probe that
forms a first extended sequence and the signal amplification reagent comprises a second nucleic
acid probe that forms a second extended sequence, the surface comprises a first anchoring reagent
capable of binding to the first extended sequence and a second anchoring reagent capable of
binding to the second extended sequence. In embodiments, the first anchoring reagent and the
second anchoring reagent are located on distinct binding domains on the surface. In embodiments,
the first anchoring reagent and the second anchoring reagent are in the same binding domain on

the surface. In embodiments, the capture reagent is in a further distinct binding domain from each
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of the first and second anchoring reagents. In embodiments, the capture reagent is in the same

binding domain as the first and second anchoring reagents.

[00198] In embodiments, the surface comprises an electrode. In embodiments, the electrode is a
carbon ink electrode. In embodiments, measuring the amount of second detectable label comprises
applying a voltage waveform (e.g., a potential) to the electrode to general an ECL signal. In
embodiments, the surface comprises a particle, and the method comprises collecting the particle on
an electrode and applying a voltage waveform (e.g., a potential) to the electrode to generate an

ECL signal.

Multiplexed Methods

[00199] In embodiments, the method is a multiplexed method capable of detecting multiple
analytes. In embodiments, the multiplexed method detects multiple analytes simultaneously. In
embodiments, the multiplexed method comprises repeating one or more method steps to measure
the multiple analytes. In embodiments, each of the method steps is performed for each analyte in
parallel. In embodiments, each analyte binds to different capture and/or detection reagents. In
embodiments, the binding of each analyte to its corresponding capture reagent is performed in
parallel by contacting the surface(s) with a sample comprising multiple analytes. In embodiments,
the multiple analytes are present in the sample in different amounts (e.g., concentrations). For
example, one analyte is present at a concentration that is 10, 100, 1000, 10000, 100000, 10°, 107,
108, 10°, or 10'° fold lower or higher than another analyte. Thus, in embodiments, an advantage of
the multiplexed methods disclosed herein is that they are capable of detecting concentrations of
analytes that range from about 0.0001 pg/mL to about 100000 pg/mL, about 0.0005 pg/mL to
about 50000 pg/mL, about 0.001 pg/mL to about 10000 pg/mL, about 0.005 pg/mL to about 5000
pg/mL, about 0.01 pg/mL to about 1000 pg/mL, about 0.05 pg/mL to about 500 pg/mL, about 0.1
pg/mL to about 100 pg/mL, about 0.5 pg/mL to about 50 pg/mL, or about 1 pg/mL to about 10
pg/mL. In embodiments, a highest abundance analyte is present in the sample at a concentration of
greater than or about 10 pg/mL, and a lowest abundance analyte is present in the sample at a
concentration of less than about 10 pg/mL. In embodiments, a highest abundance analyte is
present in the sample at a concentration of greater than or about 1 pg/mL, and a lowest abundance
analyte is present in the sample at a concentration of less than 1 pg/mL. In embodiments, a highest
abundance analyte is present in the sample at a concentration of greater than or about 0.5 pg/mL,
and a lowest abundance analyte is present in the sample at a concentration of less than 0.5 pg/mL.
In embodiments, a highest abundance analyte is present in the sample at a concentration of greater
than or about 0.3 pg/mL, and a lowest abundance analyte is present in the sample at a

concentration of less than 0.3 pg/mL. In embodiments, a highest abundance analyte is present in
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the sample at a concentration of greater than or about 0.1 pg/mL, and a lowest abundance analyte
is present in the sample at a concentration of less than 0.1 pg/mL. In embodiments, a highest
abundance analyte is present in the sample at a concentration of about 1 pg/mL to about 100000
pg/mL, and a lowest abundance analyte is present in the sample at a concentration of about 0.0001
pg/mL to about 1 pg/mL. In embodiments, a highest abundance analyte is present in the sample at
a concentration of about 0.1 pg/mL to about 100000 pg/mL, and a lowest abundance analyte is
present in the sample at a concentration of about 0.0001 pg/mL to about 0.1 pg/mL. In
embodiments, the amount of the highest abundance analyte present in the sample is about 1.5-fold,
about 2-fold, about 3-fold, about 4-fold, about 5-fold, about 10-fold, about 15-fold, about 20-fold,
about 30-fold, about 40-fold, about 50-fold, about 60-fold, about 70-fold, about 80-fold, about 90-
fold, about 100-fold, about 250-fold, about 500-fold, about 750-fold, about 1000-fold, about
10000-fold, about 100000-fold, about 10°-fold, about 107-fold, about 108-fold, about 10°-fold,
about 10'°-fold, or greater than 10'°-fold higher than the amount of the lowest abundance analyte

present in the sample.

[00200] In embodiments, the invention provides a method of detecting multiple analytes of
interest in a sample, wherein the analytes are present at concentrations that range from about
0.0001 pg/mL to about 100000 pg/mL, comprising: forming a plurality of first complexes as
described herein, wherein each first complex comprises a unique analyte and a capture reagent and
detection reagent or first and second detection reagents for the unique analyte; measuring the
amounts of the first complexes (e.g., by measuring the amount of a first detectable label as
described herein), thereby detecting a higher abundance analyte in the sample; contacting the
plurality of first complexes with a signal amplification reagent as described herein, wherein the
signal amplification reagent comprises a binding moiety that binds a detectable moiety comprising
a second detectable label, or wherein the signal amplification reagent comprises an enzyme that
acts upon a substrate of the enzyme, or wherein the signal amplification reagent comprises a
nucleic acid probe that forms an extended sequence; and measuring the amount of the second
detectable label, the enzyme activity, or the amount of the extended sequence (e.g., by measuring a
second detectable label that binds to the extended sequence) as described herein, thereby detecting
alower abundance analyte in the sample; wherein the amount of the higher abundance analyte
present in the sample is about 1.5-fold, about 2-fold, about 5-fold, about 10-fold, about 25-fold,
about 50-fold, about 75-fold, about 100-fold, about 500-fold, about 1000-fold, about 10°-fold,
about 107-fold, about 10%-fold, about 10°-fold, or about 10'°-fold higher than the amount of the
lower abundance analyte, and/or wherein the higher abundance analyte is present in the sample at
a concentration of about 1 pg/mL to about 100000 pg/mL, and a lowest abundance analyte is
present in the sample at a concentration of about 0.0001 pg/mL to about 1 pg/mL. In
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embodiments, the amounts of the first and second detectable labels being measured are
substantially the same. In embodiments, the amounts of the first and second detectable labels
being measured are within about 30%, about 25%, about 20%, about 15%, about 10%, about 5%,
or about 1%. In embodiments, the signal amplification reagent amplifies an assay signal from the
lower abundance analyte (e.g., corresponding to the amount of the second detectable label), such
that the higher abundance analyte and the lower abundance analyte provide assay signals within
the detection limit of an assay device. The signal amplification reagent therefore enables detection
of multiple analytes at a wide range of concentrations (e.g., from about 0.0001 pg/mL to about
100000 pg/mL) using the same assay device and in a same dilution of the sample, i.e., without

requiring the sample be diluted or concentrated for the measurement of an individual analyte.

[00201] In embodiments, the surface comprises a plurality of binding domains, and each analyte
forms a complex (e.g., a first complex as described herein) in a different binding domain. In
embodiments, the plurality of binding domains is on a single surface. In embodiments, the surface
comprises a multi-well plate, and each binding domain is in a different well. In embodiments, the
surface comprises a well of a multi-well plate, and each binding domain is in a separate portion of
the well. In embodiments, the plurality of binding domains is on one or more surfaces. In
embodiments, the surface comprises a particle, and each binding domain is on a different particle.
In embodiments, the particles are arranged in a particle array. In embodiments, the particles are
coded to allow for identification of specific particles and distinguish between each binding

domain.

[00202] In embodiments, the binding domains are separable from one another. In embodiments,
the surface is a multi-well plate comprising detachable wells, and each binding domain is in a
different well. In embodiments, the surface comprises one or more particles, and each particle is
separable from the remaining particles. Methods of separating particles are known in the field and
include, e.g., flow cytometry, magnetic separation, affinity separation, and the like. In
embodiments, the first complexes comprising the higher abundance analytes are removed from the
reaction mixture after being detected. In embodiments, the first complexes comprising the higher
abundance analytes are separated and/or removed from the surface after being detected. In
embodiments, the separating and/or removing comprises removing first complexes comprising the
higher abundance analytes from their binding domains, e.g., by selective washing of their binding
domains. In embodiments, the separating and/or removing comprises separating the binding
domains containing the first complexes comprising the higher abundance analytes from the
remaining binding domains, e.g., the detachable wells and/or separable particles as described

herein.
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[00203] In embodiments, each binding domain comprises a targeting agent capable of binding to
a targeting agent complement, and each capture reagent and/or anchoring reagent (e.g., an
anchoring for binding to an extended sequence, a first anchoring reagent for binding to a first
extended sequence, and/or a second anchoring reagent for binding to a second extended sequence,
as described herein) comprises a supplemental linking agent capable of binding to a linking agent.
In embodiments, the capture reagent and anchoring reagent are immobilized in the binding domain
by: (1) binding the capture and anchoring reagent, via the supplemental linking agent, to a
targeting reagent complement connected to the linking agent; and (2) binding the product of (1) to
the binding domain comprising the targeting agent, wherein (i) each binding domain comprises a
different targeting agent, and (ii) each targeting reagent complement selectively binds to one of the
targeting reagents, thereby immobilizing each capture reagent and anchoring reagent to its

associated binding domain.

[00204] In embodiments, an optional bridging agent, which is a binding partner of both the
linking agent and the supplemental linking agent, bridges the linking agent and supplemental
linking agent, such that the capture and/or anchoring reagents, each bound to its respective
targeting agent complement, are contacted with the binding domains and bind to their respective
targeting agents via the bridging agent, the targeting agent complement on each of the capture

and/or anchoring reagents, and the targeting agent on each of the binding domains.

[00205] In embodiments, the targeting agent and targeting agent complement are two members of
a binding partner pair selected from avidin-biotin, streptavidin-biotin, antibody-hapten, antibody-
antigen, antibody-epitope tag, nucleic acid-complementary nucleic acid, aptamer-aptamer target,
and receptor-ligand. In embodiments, the targeting agent and targeting agent complement are
cross-reactive moieties, e.g., thiol and maleimide or iodoacetamide; aldehyde and hydrazide; azide
and alkyne or cycloalkyne; alkene and maleimide; thiol and disulfide; aldehyde or ketone and
amine; or trans-cyclooctene and tetrazine. In embodiments, the targeting agent is biotin, and the

targeting agent complement is avidin or streptavidin.

[00206] In embodiments, the linking agent and supplemental linking agent are two members of a
binding partner pair selected from avidin-biotin, streptavidin-biotin, antibody-hapten, antibody-
antigen, antibody-epitope tag, nucleic acid-complementary nucleic acid, aptamer-aptamer target,
and receptor-ligand. In embodiments, the linking agent and supplemental linking agent are cross-
reactive moieties, e.g., thiol and maleimide or iodoacetamide; aldehyde and hydrazide; azide and
alkyne or cycloalkyne; alkene and maleimide; thiol and disulfide; aldehyde or ketone and amine;
or trans-cyclooctene and tetrazine. In embodiments, the linking agent is avidin or streptavidin, and

the supplemental linking agent is biotin. In embodiments, the targeting agent and targeting agent
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complement are complementary oligonucleotides. In embodiments, the targeting agent
complement is streptavidin, the targeting agent is biotin, and the linking agent and the
supplemental linking agent are complementary oligonucleotides.

[00207] In embodiments comprising a bridging agent, the bridging agent is streptavidin or avidin,
and the linking agents and the supplemental linking agents are each biotin. Methods of conducting
multiplexed assays are further described in, e.g., US 10,189,023 and US 10,201,812.

Analytes and Samples

[00208] In embodiments, the sample is a biological sample. In embodiments, the sample is an
environmental sample. In embodiments, the sample is obtained from a human subject. In
embodiments, the sample is obtained from an animal subject. In embodiments, the sample
comprises a mammalian fluid, secretion, or excretion. In embodiments, the sample is a purified
mammalian fluid, secretion, or excretion. In embodiments, the mammalian fluid, secretion, or
excretion is whole blood, plasma, serum, sputum, lachrymal fluid, lymphatic fluid, synovial fluid,
pleural effusion, urine, sweat, cerebrospinal fluid, ascites, milk, stool, bronchial lavage, saliva,
amniotic fluid, nasal secretions, vaginal secretions, a surface biopsy, sperm, semen/seminal fluid,
wound secretions and excretions, or an extraction, purification therefrom, or dilution thereof.
Further exemplary samples include but are not limited to physiological samples, samples
containing suspensions of cells such as mucosal swabs, tissue aspirates, tissue homogenates, cell
cultures, and cell culture supernatants. In embodiments, the sample is whole blood, serum, plasma,
cerebrospinal fluid, urine, saliva, or an extraction or purification therefrom, or dilution thereof. In
embodiments, the sample is serum or plasma. In embodiments, the plasma is in EDTA, heparin, or

citrate.

[00209] Samples may be obtained from a single source described herein, or may contain a

mixture from two or more sources.

[00210] Analytes that may be measured using the methods of the invention include, but are not
limited to, proteins, toxins, nucleic acids, microorganisms, viruses, cells, fungi, spores,
carbohydrates, lipids, glycoproteins, lipoproteins, polysaccharides, drugs, hormones, steroids,
nutrients, metabolites, and any modified derivative of the above molecules, or any complex
comprising one or more of the above molecules or combinations thereof. The level of an analyte
of interest in a sample may be indicative of a disease or disease condition or it may simply indicate

whether a subject was exposed to that analyte.

[00211] In embodiments, the sample comprises multiple analytes of interest. In embodiments, the
multiple analytes are present in the sample in different amounts (e.g., concentrations). For

example, one analyte is present at a concentration that is 10, 100, 1000, 10000, 100000, 10°, 107,
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108, 10, or 10'° fold lower or higher than another analyte. Thus, in embodiments, an advantage of
the methods disclosed herein is that they are capable of detecting concentrations of analytes that
range from about 0.0001 pg/mL to about 100000 pg/mL, about 0.0005 pg/mL to about 50000
pg/mL, about 0.001 pg/mL to about 10000 pg/mL, about 0.005 pg/mL to about 5000 pg/mL., about
0.01 pg/mL to about 1000 pg/mL, about 0.05 pg/mL to about 500 pg/mL, about 0.1 pg/mL to
about 100 pg/mL, about 0.5 pg/mL to about 50 pg/mL, or about 1 pg/mL to about 10 pg/mL. In
embodiments, a further advantage of the methods disclosed herein is that they are capable of
detecting multiple analytes at different concentrations (e.g., from about 0.0001 pg/mL to about
100000 pg/mL) in a same dilution of the sample, i.e., without requiring the sample be diluted or
concentrated for the measurement of an individual analyte. In embodiments, a further advantage of
the methods disclosed herein is that they are capable of using a same detection reagent (or same
first and second detection reagents) that comprises a first detectable label for any particular analyte

to be detected at any concentration between about 0.0001 pg/mL to about 100000 pg/mL.

[00212] In embodiments, a highest abundance analyte is present in the sample at a concentration
of greater than or about 10 pg/mL, and a lowest abundance analyte is present in the sample at a
concentration of less than about 10 pg/mL. In embodiments, a highest abundance analyte is
present in the sample at a concentration of greater than or about 1 pg/mL, and a lowest abundance
analyte is present in the sample at a concentration of less than 1 pg/mL. In embodiments, a highest
abundance analyte is present in the sample at a concentration of greater than or about 0.5 pg/mL,
and a lowest abundance analyte is present in the sample at a concentration of less than 0.5 pg/mL.
In embodiments, a highest abundance analyte is present in the sample at a concentration of greater
than or about 0.3 pg/mL, and a lowest abundance analyte is present in the sample at a
concentration of less than 0.3 pg/mL. In embodiments, a highest abundance analyte is present in
the sample at a concentration of greater than or about 0.1 pg/mL, and a lowest abundance analyte
is present in the sample at a concentration of less than 0.1 pg/mL. In embodiments, a highest
abundance analyte is present in the sample at a concentration of about 1 pg/mL to about 100000
pg/mL, and a lowest abundance analyte is present in the sample at a concentration of about 0.0001
pg/mL to about 1 pg/mL. In embodiments, a highest abundance analyte is present in the sample at
a concentration of about 0.1 pg/mL to about 100000 pg/mL, and a lowest abundance analyte is
present in the sample at a concentration of about 0.0001 pg/mL to about 0.1 pg/mL. In
embodiments, the amount of the highest abundance analyte present in the sample is about 1.5-fold,
about 2-fold, about 3-fold, about 4-fold, about 5-fold, about 10-fold, about 15-fold, about 20-fold,
about 30-fold, about 40-fold, about 50-fold, about 60-fold, about 70-fold, about 80-fold, about 90-
fold, about 100-fold, about 250-fold, about 500-fold, about 750-fold, about 1000-fold, about
10000-fold, about 100000-fold, about 10°-fold, about 107-fold, about 108-fold, about 10°-fold,
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about 10'°-fold, or greater than 10'°-fold higher than the amount of the lowest abundance analyte

present in the sample.

[00213] In embodiments, the analyte is an exosome. In embodiments, the sample comprises
purified exosomes. Exosomes, also known as extracellular vesicles or EVs, are small membrane
vesicles released by most cell types. The release and subsequent uptake of exosomes is a method
of cell-to-cell communication and has a role in the regulation of many physiological and
pathological processes. Exosomes have been shown to contain a wide variety of signaling
molecules including but not limited to surface-bound and cytosolic proteins, lipids, mRNA, and
miRNA, and it has been suggested that the identity and concentration of these species in each
exosome can be used to deduce its cellular origin and function. Thus, genomic or proteomic
profiling of a patient's total exosome population could provide valuable prognostic information for
various pathological conditions, including cancers, infectious disease, kidney and liver disease,

and traumatic brain injury, among others.

[00214] In embodiments, the capture reagent and detection reagent, or the capture reagent and
first and second detection reagents, bind to surface markers on the surface of the exosome. For
example, common proteins that are expressed by most exosomes include, but are not limited to,
CD9, CD63, CD81, Hsp70, PDCD6IP, and Tsg101. In embodiments, the capture reagent and
detection reagent, or the capture reagent and first and second detection reagents, bind to a marker
that is specifically expressed by exosomes released by a specific cell type. For example, the
method can be used to detect a particular exosome subpopulation, e.g., associated with a disease or
at risk of developing a disease. In embodiments, the capture reagent and detection reagent, or the
capture reagent and first and second detection reagents, bind to a disease-associated exosome

surface marker.

[00215] In embodiments, the analyte is an internal analyte of an exosome, e.g., a cargo protein, a
lipid, or a nucleic acid. In embodiments, the exosome is permeabilized before or after binding to
the capture reagent, but before adding the detection reagent or the first and second detection

reagents.

Additional Embodiments

[00216] In embodiments, the methods provided herein are in a competitive assay format. In
general terms, a competitive assay, e.g., a competitive immunoassay or a competitive inhibition
assay, an analyte and a competitor compete for binding to a capture and/or detection reagent (or
first and second detection reagents). In such assays, the analyte is typically indirectly measured by
directly measuring the competitor. As used herein, "competitor" refers to a compound capable of

binding to the same capture and/or detection reagent (or first and second detection reagents) as an
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analyte, such that the capture and/or detection reagent (or first and second detection reagents) can
only bind either the analyte or the competitor, but not both. In embodiments, competitive assays
are used to detect and measure analytes that are not capable of binding more than one capture
and/or detection reagents (or first and second detection reagents), e.g., small molecule analytes or
analytes that do not have more than one distinct binding sites. In embodiments, competitive assays
are used to detect and measure antibody biomarkers. Examples of competitive immunoassays

include those described in US 4,235,601; US 4,442,204; and US 5,028,535.

[00217] The methods herein can be conducted in a single assay chamber, such as a single well of
an assay plate. The methods herein can also be conducted in an assay chamber of an assay
cartridge. The assay modules, e.g., assay plates or assay cartridges, methods and apparatuses for
conducting assay measurements suitable for the present invention, are described, e.g., in US
8,343,526; US 9,731,297, US 9,921,166; US 10,184,884; US 10,281,678; US 10,272,436, US
2004/0022677; US 2004/0189311; US 2005/0052646; US 2005/0142033; US 2018/0074082; and
US 2019/0391170.

Systems

[00218] In embodiments, the invention provides an assay system for performing the methods of
detecting an analyte of interest in a sample as described herein. In embodiments, the sample
comprises multiple analytes, wherein the analytes are present at concentrations that range from
about 0.0001 pg/mL to about 100000 pg/mL. In embodiments, the sample comprises one or more
analytes with a concentration that is 10, 100, 1000, 10000, 100000, 10°, 107, 10%, 10°, or 10'° fold
higher than the lowest abundance analytes. In embodiments, the assay system is capable of
detecting an analyte over the entire concentration range of about 0.0001 pg/mL to about 100000
pg/mL utilizing a capture reagent, a detection reagent or first and second detection reagents, and a
signal amplification reagent as described herein. In embodiments, the assay system is capable of
detecting the analyte at a concentration greater than or about 1 pg/mL utilizing the capture reagent
and the detection reagent or the first and second detection reagents, and the assay system is further
capable of detecting the analyte at a concentration of less than 1 pg/mL utilizing the capture
reagent, the detection reagent or the first and second detection reagents, and the signal
amplification reagent. In embodiments, the assay system employs the same detection reagent
comprising a first detectable label, or the same first and second detection reagents each comprising
afirst detectable label, to detect the analyte at any concentration between about 0.0001 pg/ml and
about 100000 pg/mL. In embodiments, the first detectable label is an ECL label.

[00219] In embodiments, the assay system comprises at least one memory unit, at least one

processing unit programmed according to instructions on the at least one memory unit; and at least
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one assay system component configured to be controlled by the at least one processing unit. In
embodiments, the at least one processing unit is configured to control the at least one assay system
component to perform a measurement of an analyte in a sample. In embodiments, the at least one
assay system component is a reader instrument. In embodiments, the assay system comprises more
than one reader instruments. In embodiments, the measurement comprises measuring a detectable
label. In embodiments, the detectable label is present on a detection reagent, first and second
detection reagents, a labeled probe, or a detectable moiety as described herein. In embodiments,
the at least one processing unit is configured to control the at least one assay system component to
perform one or both of: a first measurement of a higher abundance analyte as described herein;
and a second measurement of a lower abundance analyte as described herein. In embodiments, the
amount of the higher abundance analyte present in the sample is about 1.5-fold, about 2-fold,
about 5-fold, about 10-fold, about 25-fold, about 50-fold, about 75-fold, about 100-fold, about
500-fold, about 1000-fold, about 10000-fold, about 100000-fold, about 10°-fold, about 10”-fold,
about 108-fold, about 10°-fold, about 10'°-fold, or greater than 10'°-fold higher than the amount of
the lower abundance analyte present in the sample. In embodiments, the higher abundance analyte
is present in the sample at a concentration of about 1 pg/mL to about 100000 pg/mL and the lower
abundance analyte is present in the sample at a concentration of about 0.0001 pg/mL to about 1
pg/mL. In embodiments, the higher abundance analyte and lower abundance analyte are capable of
being detected in a same dilution of a sample. In embodiments, the higher abundance analyte is
detected using a detection reagent comprising an ECL label. In embodiments, the higher
abundance analyte is detected using first and second detection reagents each comprising an ECL
label. In embodiments, the lower abundance analyte is detected using (i) a detection reagent
comprising an ECL label and (ii) a signal amplification reagent that specifically binds to the ECL
label. In embodiments, the lower abundance analyte is detected using (i) first and second detection
reagents each comprising an ECL label and (ii) a signal amplification reagent that specifically
binds to the ECL label.

[00220] In embodiments, the invention provides one or more non-transitory computer-readable
media. In embodiments, the one or more non-transitory computer-readable media have
instructions stored thereon that, when executed by at least one processing unit, cause the at least
one processing unit to: perform, via control of an assay system, a measurement of an analyte in a
sample. In embodiments, the measurement comprises measuring a detectable label. In
embodiments, the detectable label is present on a detection reagent, first and second detection
reagents, a labeled probe, or a detectable moiety as described herein. In embodiments, at least one
processing unit performs one or both of: a first measurement of a higher abundance analyte as

described herein; and a second measurement of a lower abundance analyte as described herein. In
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embodiments, the amount of the higher abundance analyte present in the sample is about 1.5-fold,
about 2-fold, about 5-fold, about 10-fold, about 25-fold, about 50-fold, about 75-fold, about 100-
fold, about 500-fold, about 1000-fold, about 10000-fold, about 100000-fold, about 10°-fold, about
107-fold, about 10%-fold, about 10°-fold, about 10'°-fold, or greater than 10'°-fold higher than the
amount of the lower abundance analyte present in the sample. In embodiments, the amount of the
higher abundance analyte is present in the sample at a concentration of about 1 pg/mL to about
100000 pg/mL and the lower abundance analyte is present in the sample at a concentration of
about 0.0001 pg/mL to about 1 pg/mL. In embodiments, the higher abundance analyte is detected
using a detection reagent comprising an ECL label. In embodiments, the higher abundance analyte
is detected using first and second detection reagents each comprising an ECL label. In
embodiments, the lower abundance analyte is detected using (i) a detection reagent comprising an
ECL label and (ii) a signal amplification reagent that specifically binds to the ECL label. In
embodiments, the lower abundance analyte is detected using (i) first and second detection reagents
each comprising an ECL label and (ii) a signal amplification reagent that specifically binds to the
ECL label.

[00221] In embodiments, the first measurement is a measurement of a first detectable label as
described herein. In embodiments, the first detectable label is present on a detection reagent. In
embodiments, the first detectable label is present on each of a first detection reagent and a second
detection reagent. In embodiments, the first detectable label is comprised by a labeled probe that
binds to an extended sequence formed by extending a nucleic acid probe of a detection reagent. In
embodiments, the second measurement is a measurement of a detectable moiety as described
herein. In embodiments, the second measurement is a measurement of an enzyme activity as
described herein. In embodiments, the second measurement is a measurement of a second
detectable label as described herein. In embodiments, the second detectable label is present on a
detectable moiety that binds to a signal amplification reagent. In embodiments, the second
detectable label is comprised by a labeled probe that binds to an extended sequence formed by
extending a nucleic acid probe of a signal amplification reagent. Detectable moieties, enzyme

activity, labeled probes, and first and second detectable labels are described herein.

[00222] In embodiments, the first and/or second measurement is a measurement of a detectable
signal. In embodiments, the first and/or second measurement is a measurement of light scattering,
optical absorbance, fluorescence, chemiluminescence, electrochemiluminescence (ECL),
bioluminescence, phosphorescence, radioactivity, magnetic field, or combination thereof. In
embodiments, each of the first and second detectable labels is an ECL label. In embodiments, each
of the first and the second measurements is an ECL measurement. In embodiments, the first

measurement is an ECL measurement, and the second measurement is a measurement of an
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enzyme activity as described herein. In embodiments, the first measurement is an ECL
measurement, and the second measurement is a measurement of a chromogenic signal,

fluorescence, or chemiluminescence.

[00223] In embodiments, the measured absolute value of the first measurement is within about
30%, about 25%, about 20%, about 15%, about 10%, about 5%, or about 1% of the measured
absolute value of the second measurement, or is substantially the same as the measured absolute
value of the second measurement. In embodiments, the upper and lower detection limits of the
system are not adjusted between the first measurement and the second measurement. In
embodiments, the assay system is configured to adjust upper and lower detection limits of the

system between the first measurement and the second measurement.

[00224] In embodiments, the sample comprising the multiple analytes is contacted with a surface
comprising one or more binding domains, wherein each binding domain comprises a capture
reagent for a unique analyte. In embodiments, the surface comprises (i) one or more binding
domains comprising a higher abundance analyte and (ii) one or more binding domains comprising
alower abundance analyte. In embodiments, the amount of the higher abundance analyte present
in the sample is about 1.5-fold, about 2-fold, about 5-fold, about 10-fold, about 25-fold, about 50-
fold, about 75-fold, about 100-fold, about 500-fold, about 1000-fold, about 10000-fold, about
100000-fold, about 10°-fold, about 107-fold, about 10%-fold, about 10°-fold, about 10'°-fold, or
greater than 10'°-fold higher than the amount of the lower abundance analyte present in the
sample. In embodiments, the amount of the higher abundance analyte is present in the sample at a
concentration of about 1 pg/mL to about 100000 pg/mL and the lower abundance analyte is
present in the sample at a concentration of about 0.0001 pg/mL to about 1 pg/mL. In
embodiments, the assay system is configured to selectively perform the first measurement for the
binding domains containing the higher abundance analyte, and selectively perform the second
measurement for the binding domains containing the lower abundance analyte. In embodiments,
the assay system is configured to selectively perform a second measurement for the binding
domains that had a value lower than a predefined threshold from the first measurement. In
embodiments, the first measurement and the second measurement are performed sequentially. In
embodiments, the assay system is configured to perform: first, the first measurement of the
binding domain(s) containing the higher abundance analyte; second, the second measurement of
the binding domain(s) containing the lower abundance analyte. In embodiments, the assay system
is configured to perform the first measurement and the second measurement simultaneously or
substantially simultaneously. In embodiments, the assay system is configured to perform a first
measurement and allow a user to determine whether a second measurement is to be performed. In

embodiments, the assay system is configured to perform a first measurement and automatically
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determine whether a second measurement is to be performed, e.g., based on a value of one or more
higher and/or lower abundance analytes measured in the first measurement. For example, if the
first measurement is sufficient for measuring both the higher and lower abundance analytes in the

sample, then a second measurement may not be performed.

[00225] The methods herein can be performed manually, using automated technology, or both.
Automated technology may be partially automated, e.g., one or more modular instruments, or a
fully integrated, automated instrument. Exemplary automated systems and apparatuses are

described in WO 2018/017156, WO 2017/015636, and WO 2016/164477.

[00226] In embodiments, automated systems, e.g., modular and fully integrated systems, for
performing the methods herein comprises one or more of the following automated subsystems: a
computer subsystem comprising hardware (e.g., personal computer, laptop, hardware processor,
disc, keyboard, display, printer), software (e.g., processes such as drivers, driver controllers, and
data analyzers), and/or a database; a liquid handling subsystem for sample and/or reagent
handling, e.g., comprising a robotic pipetting hand, syringe, stirring apparatus, ultrasonic mixing
apparatus, and/or magnetic mixing apparatus; a sample, reagent, and/or consumable storing and
handling subsystem, e.g., comprising a robotic manipulator, tube or lid or foil piercing apparatus,
lid removing apparatus, conveying apparatus such as linear or circular conveyor, tube rack, plate
carrier, trough carrier, pipet tip carrier, plate shaker, and/or centrifuge; an assay reaction
subsystem, e.g., that is fluid-based and/or consumable-based (such as tube and multi-well plate); a
container and consumable washing subsystem, e.g., comprising a plate washing apparatus; a
magnetic separator or magnetic particle concentrator subsystem, e.g., that is flow cell type, tube
type, and/or plate type; a cell and particle detection, classification, and/or separation subsystem,
e.g., comprising a flow cytometer and/or a Coulter counter; a detection subsystem, e.g.,
comprising a colorimetric detector, a nephelometric detector, a fluorescence detector, and/or an
ECL detector; a temperature control subsystem, e.g., comprising an air handling system, air
cooling system, air warming system, fan, blower, and/or water bath; a waste subsystem, e.g.,
comprising liquid and/or solid waste containers; a global unique identifier (GUI) detecting
subsystem, e.g., comprising 1D and/or 2D barcode scanners such as flat bed and wand type
scanners. In embodiments, the automated system further comprises a modular or fully integrated
analytical subsystem, e.g., a chromatography system such as high-performance liquid

chromatography (HPLC) or fast-protein liquid chromatography (FPLC), or a mass spectrometer.

[00227] In embodiments, systems or modules that perform sample identification and preparation
are combined with, adjoined to, adjacent to, and/or robotically linked or coupled to the systems or

modules that perform and/or detect the assays herein. Multiple modular systems of the same type
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can be combined to increase throughput. In embodiments, a modular system is combined with a
module that performs other types of analysis, such as chemical, biochemical, and/or nucleic acid
analysis.

[00228] In embodiments, the automated system allows batch, continuous, random-access, and/or

point-of-care workflows, and single, medium, and high sample throughput.

[00229] In embodiments, the automated system comprises one or more of the following devices:
a plate sealer (e.g., ZYMARK), a plate washer (e.g., BIOTEK, TECAN), a reagent dispenser,
automated pipetting station, and/or liquid handling station (e.g., TECAN, ZYMARK,
LABSYSTEMS, BECKMAN, HAMILTON), an incubator (e.g., ZYMARK), a plate shaker (e.g.,
Q.INSTRUMENTS, INHECO, THERMOFISHER SCIENTIFIC), a plate reader (e.g., MESO®
SECTOR S 600, MESO® QUICKPLEX SQ 120, and plate readers described in US 6,977,722), a
compound library module, a sample storage module, and/or a compound and/or sample retrieval
module. In embodiments, one or more of these devices is coupled to the automated system via a
robotic assembly such that the entire assay process can be performed automatically. In
embodiments, a container (e.g., a plate) is manually moved between the apparatus and various

devices described herein (e.g., a stack of plates).

[00230] In embodiments, the automated system is configured to perform one or more of the
following functions: moving consumables such as plates into, within, and out of the detection
subsystem; moving consumables between other subsystems; storing the consumables; sample and
reagent handling (e.g., adapted to mix reagents and/or introduce reagents into consumables);
consumable shaking (e.g., for mixing reagents and/or for increasing reaction rates); consumable
washing (e.g., washing plates and/or performing assay wash steps (e.g., well aspirating));
measuring a detectable signal, e.g., ECL signal, in a flow cell or a consumable such as a tube or a
plate. The automated system may be configured to handle individual tubes placed in racks and/or

multi-well plates such as 96 or 384 well plates.

[00231] Methods for integrating components and modules in automated systems as described
herein are discussed, e.g., by Sargeant et al., "Platform Perfection," Medical Product Outsourcing,

May 17, 2010.

[00232] In embodiments, the automated system is fully automated, modular, computerized,
performs in vitro quantitative and qualitative tests on a wide range of analytes, and/or performs
photometric assays, ion-selective electrode measurements, and/or electrochemiluminescence
(ECL) assays. In embodiments, the system comprises one or more of the following hardware

units: a control unit, a core unit and at least one analytical module.
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[00233] In embodiments, the control unit utilizes a graphical user interface to control all
instrument functions and comprises a readout device, such as a monitor; an input device, such as
keyboard and mouse; and a personal computer, e.g., using a Windows operating system. In
embodiments, the core unit comprises one or more components that manage conveyance of
samples to each assigned analytical module. The actual composition of the core unit depends on
the configuration of the analytical modules, which can be configured by one of skill in the art
using methods known in the art. In embodiments, the core unit comprises at least the sampling unit
and one rack rotor as main components. In embodiments, the control unit further comprises an
extension unit, e.g., a conveyor line and/or a second rack rotor. In embodiments, the core unit
further comprises a sample rack loader/unloader, a port, a barcode reader (for racks and samples),
a water supply, and a system interface port. In embodiments, the automated system conducts ECL
assays and comprises a reagent area, a measurement area, a consumables area, and a pre-clean

arca.

[00234] Assay devices consistent with embodiments herein may be employed for, e.g.,
conducting assays in a multi-well plate format that have one or more of the following desirable
attributes: (1) high sensitivity, (i) large dynamic range, (iii) small size and weight, (iv) array-based
multiplexing capability, (v) automated operation; and (vi) ability to handle multiple plates. The
apparatus and methods may be used with a variety of assay detection techniques including, but not
limited to, techniques measuring one or more detectable signals. Some aspects are suitable for
electrochemiluminescence measurements and, in particular, embodiments that are suitable for use
with multi-well plates with integrated electrodes (and assay methods using these plates) such as

those described in U.S. Pat. No. 7,842,246; 7,807,448; and 10,281,678.

[00235] In embodiments, an assay device is provided for conducting luminescence assays in
multi-well plates. For instance, an embodiment of the assay device includes a light detection
subsystem and a plate handling subsystem, wherein the plate handling subsystem includes a light-
tight enclosure that provides a light-free environment in which luminescence measurements can be
carried out. The light-tight enclosure includes a housing and a removable drawer that is placed
within the housing. The housing also includes a housing top having one or more plate introduction
apertures through which plates can be lowered onto or removed from a plate translation stage
(manually or mechanically) within the drawer. A sliding light-tight door in the housing is used to
seal the plate introduction apertures from environmental light prior to carrying out luminescence
measurements. The housing further includes a detection aperture that is coupled to a light detector
mounted on the housing top and one or more plate stackers mounted on the housing top above the
plate introduction apertures, wherein the plate stackers are configured to receive or deliver plates

to plate elevators within the removable drawer. The removable drawer includes a plate translation
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stage for translating a plate horizontally in the drawer to zones within the apparatus where specific
assay processing and/or detection steps are carried out. The removable drawer also includes one or
more plate elevators with a plate lifting platform that can be raised and lowered within the drawer,
wherein the plate elevators are positioned below the one or more plate introduction apertures. The
plate translation stage is configured to position plates below the detection aperture and to position

plates above the plate elevators on the plate lifting platforms.

[00236] The assay device may also include a light detector which is mounted to the detection
aperture on the housing top (e.g., via a light-tight connector or baffle). In certain embodiments, the
light detector is an imaging light detector such as a CCD camera and may also include a lens. The
light detector may be a conventional light detector such as a photodiode, avalanche photodiode,
photomultiplier tube, or the like. Suitable light detectors also include arrays of such light detectors.
Light detectors that may be used also include imaging systems such as CCD and CMOS cameras.
The light detectors may also include lens, light guides, etc. for directing, focusing, and/or imaging
light on the detectors. In certain specific embodiments, an imaging system is used to image
luminescence from arrays of binding domains in one or more wells of an assay plate, and the assay
apparatus reports luminescence values for luminescence emitted from individual elements of the
arrays. The light detector is mounted on the housing top with a light-tight seal. Additional
components of the apparatus include plate contacts for making electrical contact to the plates and
providing electrical energy to electrodes in wells positioned under the light detector (e.g., for
inducing ECL).

[00237] In embodiments, the assay device includes features, such as an identifier controller, for
the automated identification of sample plates. In an embodiment, an identifier controller is a bar
code reader mounted via a light-tight seal over an aperture in the housing top, where the bar code
reader is configured to read bar codes on plates placed on the plate translation stage within the
housing. In a preferred embodiment, the bar code on a plate is read when the plate has been
lowered into the drawer. In an alternative or additional embodiment, the plates comprise an
identifier such as an EEPROM or an RFID, and the housing top and/or drawer includes an
identifier controller suitable for communicating with each of these identifiers. In further
embodiments, an identifier controller can be provided separately from the apparatus. In this
embodiment, information stored to an identifier attached to a plate or associated with a plate or a
set of plates is transferred to the apparatus via a computer and/or network attached thereto and/or
manually input via a user interface of the computer and/or network. In this regard, reference is

made to U.S. Patent Publication No. 2011/0022331 and U.S. Patent No. 8,770.471.
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[00238] In some cases, the plate handling subsystem further includes one or more plate stackers
mounted on the housing top above the plate introduction apertures, wherein the plate stackers are
configured to receive or deliver plates to the plate elevators. The plate handling subsystem
optionally includes a heating and/or cooling mechanism (e.g., a resistance heater, a fan, heat sinks,
or a thermoelectric heater/cooler) to maintain temperature of the subsystem under desired
conditions. It may also include a humidity control mechanism (e.g., a humidifier and/or
dehumidifier, or a desiccant chamber to maintain the humidity of the subsystem under desired

conditions.

[00239] Assay devices, as described herein, are configured to perform both calibration assays and
sample assays. As described herein, calibration assays include assays performed on calibration
samples that have defined quantities of an analyte. As described herein, sample assays on one or
more test samples each having an unknown quantity of an analyte. Performing a sample assay on a
test sample generates a sample assay signal value. The sample assay signal value is indicative of

the unknown quantity of the analyte associated therewith.

[00240] In embodiments, a computer system is provided herein. The computing system may
include one or more processors (also interchangeably referred to herein as processing units), one
or more storage device(s), and/or other components. In other embodiments, the functionality of the
processor may be performed by hardware (e.g., through the use of an application specific
integrated circuit ("ASIC"), a programmable gate array ("PGA"), a field programmable gate array
("FPGA"), etc.), or any combination of hardware and software. The storage device includes any
type of non-transitory computer readable storage medium (or media) and/or non-transitory
computer readable storage device. Such computer readable storage media or devices may store
computer readable program instructions for causing a processor to carry out one or more
methodologies described here. Examples of the computer readable storage medium or device may
include, but is not limited to an electronic storage device, a magnetic storage device, an optical
storage device, an electromagnetic storage device, a semiconductor storage device, or any suitable
combination thereof, for example, such as a computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory (SRAM), a portable compact disc
read-only memory (CD-ROM), a digital versatile disk (DVD), a memory stick, but not limited to
only those examples.

[00241] The processor is programmed by one or more computer program instructions stored on
the storage device and executable by the processor. For example, the processor is programmed by

a protocol manager, a network manager, a data manager, a calibration fit manager, an analysis
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manager, and a user interface manager. It will be understood that the functionality of the various
managers as discussed herein is representative and not limiting. Additionally, the storage device
may act as a data storage device to provide data storage for the assay system environment. As used
herein, for convenience, the various "managers" will be described as performing operations, when,
in fact, the managers program the processor (and therefore the computing system) to perform the

operation.

[00242] The protocol manager is a software protocol (e.g., software module or library) that may
operate on the computing system. The protocol manager is configured to provide one or more
control signals to one or more assay devices. The control signals provided by the protocol manager
are configured to provide instructions necessary to operate the one or more assay devices. The
control signals may specify one or more assay protocols to be carried out by the one or more assay
devices. Control signals provided by the protocol manager may be used to initiate and/or control

any process that an assay device described herein is capable of.

[00243] In embodiments, the protocol manager may further operate to receive data collected
during operation of the one or more assay devices. Such data may include, for example, calibration
assay data and sample assay data. Received data may then be processed or stored via the data

manager.

[00244] The protocol manager is configured to operate to control one or more assay devices to
perform calibration assays. Assay devices may be controlled by the protocol manager to obtain
calibration assay measurements on a plurality of calibration samples (e.g., calibration samples
stored as calibrators in a multi-well plate) having defined quantities of an analyte. The plurality of
calibration samples may include different quantities of the analyte. The protocol manager operates
to determine calibration assay signal values corresponding to the plurality of calibration samples.
The protocol manager is configured to perform the calibration assays to determine one or more
calibration data sets. The calibration data sets include information relating the plurality of quantity

values to a corresponding plurality of calibration assay signal values.

[00245] The protocol manager is further configured to operate to control one or more assay
devices to perform sample assays. Assay devices may be controlled by the protocol manager to
obtain sample assay measurements on a plurality of test samples (e.g., test samples disposed in a
multi-well plate) having unknown quantities of an analyte. The protocol manager operates to
determine sample assay signal values corresponding to the plurality of test samples. The protocol
manager is configured to perform the sample assays to determine one or more sample assay data

sets. The sample assay data sets may include information relating the sample assay signal values to
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sample identification data. Sample identification data may include any suitable data for identifying

atest sample, such as plate location.

[00246] The network manager is a software protocol (e.g., software module or library) that may
operate on the computing system. The network manager is configured to establish network
communications between networks, assay devices, data storage devices, and/or any other devices
in the assay system environment. The established communications pathway may utilize any
appropriate network transfer protocol and provide for one way or two way data transfer. The
network manager may establish as many network communications as required to communicate

with various elements of the assay system environment.

[00247] The network manager facilitates the sending and receiving of sample assay data,
calibration assay data (also referred to as calibration assay information), sample assay and
calibration assay protocols, calibration models, and any other information and/or consistent with

the operation of the assay system environment.

[00248] The data manager is a software protocol or software module that may operate on the
computing system. The data manager is configured to access assay data, such as sample assay data
and calibration assay data of one or more assay devices of the assay system environment. Assay
data may include, for example, sample assay data sets and calibration data sets, which may be
obtained in near real time, may be archived data, and/or may be data extracts, as well as process
information and process parameter information and any other information or data generated by or
stored on an assay device. The data manager is further configured to access one or more data
storage devices, local assay computer systems, and/or networked computer system, and to store
and/or receive assay data stored in any or all of these. In further embodiments, the data manager is

configured to access various removable physical storage media that may store assay data.

[00249] The data manager may provide data to a user via the user interface manager. In
embodiments, the data manager is further configured to provide access tools to the user to manage
and manipulate assay data (also referred to as assay system data). For example, the data manager
616 may be configured to generate reports, collate assay system data, cross-reference assay system
data, populate databases with assay system data, etc. In embodiments, the data manager may
provide data retention capabilities. The data manager is further configured to receive and store any

and all data collected and/or used within the assay system environment.

Antibody and Composition
[00250] In embodiments, the invention provides an antibody or antigen-binding fragment thereof

that binds to an electrochemiluminescent (ECL) label.
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[00251] In general, an antibody (used interchangeably with the term "immunoglobulin")
comprises at least the variable domain of a heavy chain; typically, an antibody comprises the
variable domains of a heavy chain and a light chain. Both the heavy and light chains are divided
into regions of structural and functional homology. Generally, the variable domain of a heavy
chain (Vn) or light chain (VL) determines antigen recognition and specificity, and the constant
domain of a heavy chain (Cui1, Ciz, or Cus) or light chain (Cr) confers biological properties such
as secretion, receptor binding, complement binding, and the like. Generally, the N-terminal portion
of an antibody chain is a variable portion, and the C-terminal portion is a constant region; the Cus
and CL domains typically comprise the C-terminus of the heavy chain and light chain,

respectively.

[00252] In general, antibodies are encoded by immunoglobulin genes or fragments of
immunoglobulin genes. The recognized immunoglobulin genes include the kappa, lambda, alpha,
gamma, delta, epsilon, and mu constant region genes, as well as immunoglobulin variable region
genes. Light chains are classified as either kappa or lambda. Heavy chains are classified as
gamma, mu, alpha, delta, or epsilon, which in turn define the immunoglobulin classes, IgG, IgM,
IgA, IgD and IgE, respectively.

[00253] In general, the variable region allows the antibody to selectively recognize and
specifically bind epitopes on antigens. Thus, the VL domain and Vu domain, or a subset of the
complementarity determining regions (CDR) within these variable domains, of an antibody
combine to form the variable region that forms an antigen binding domain. The antigen binding
domain is typically defined by three CDRs on each of the VL and Vu domains. The six
"complementarity determining regions" or "CDRs" typically present in each antigen binding
domain are short, non-contiguous sequences of amino acids that are specifically positioned to form
the antigen binding domain. The antigen binding domain formed by the positioned CDRs defines a
surface complementary to the epitope on the antigen. This complementary surface promotes the

non-covalent binding of the antibody to its cognate epitope.

[00254] In embodiments, the invention provides an antibody or antigen-binding fragment thereof

comprising an antigen binding domain specific to an electrochemiluminescent (ECL) label.

[00255] In embodiments, the antibody or antigen-binding fragment thereof comprises a constant
region comprising an IgA, IgD, IgE, IgG, or IgM domain. In embodiments, the antibody or
antigen-binding fragment thereof comprises an IgG domain. In embodiments, the antibody or
antigen-binding fragment thereof is an IgG1, IgG2, IgG3, or IgG4 isotype antibody or antigen-
binding fragment thereof. In embodiments, the antibody or antigen-binding fragment thereof is

IgG2a, IgG2Db, or IgG2c¢ subclass antibody or antigen-binding fragment thereof.
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[00256] In embodiments, the antibody or antigen-binding fragment thereof is derived from a
mouse, rat, goat, rabbit, chicken, guinea pig, hamster, horse, or sheep. In embodiments, the

antibody or antigen-binding fragment thereof is derived from a mouse.

[00257] ECL labels are described herein. In embodiments, the ECL label comprises an
electrochemiluminescent organometallic complex. In embodiments, the electrochemiluminescent
organometallic complex comprises ruthenium, osmium, iridium, rthenium, and/or a lanthanide
metal. In embodiments, the ECL label comprises ruthenium. In embodiments, the
electrochemiluminescent organometallic complex comprises a substituted or unsubstituted
bipyridine or a substituted or unsubstituted phenanthroline. In embodiments, the ECL label
comprises a substituted bipyridine. In embodiments, the ECL label comprises an organometallic
complex comprising at least one substituted bipyridine ligand wherein the substituted bipyridine
ligand comprises at least one sulfonate group. In embodiments, the ECL label comprises an
organometallic complex comprising at least two substituted bipyridine ligands wherein each
substituted bipyridine ligand comprises at least one sulfonate group. In embodiments, the
substituted bipyridine ligand is a compound of Formula I. In embodiments, the ECL label
comprises three ligands, wherein a first ligand is a compound of Formula I, and wherein a second
ligand comprises a bipyridine having at least one substituent that is capable of forming a covalent
linkage. In embodiments, the ECL label comprises an organometallic complex comprises three
ligands, wherein two of the ligands are each a compound of Formula I, and wherein the third
ligand comprises a bipyridine having at least one substituent that is capable of forming a covalent
linkage. In embodiments, the third ligand comprises a bipyridine having at least one substituent

that comprises a conjugation linker. Conjugation linkers are further described herein.

[00258] In embodiments, the antibody or antigen-binding fragment thereof comprises an antigen
binding domain that specifically binds to a compound of Formula II, Formula IV, or Formula VI.
In embodiments, the antibody or antigen-binding fragment comprises an antigen binding domain

that specifically binds to:
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[00259] In embodiments, the invention provides an antibody or antigen-binding fragment thereof
comprising an antigen binding domain specific to an ECL label and a conjugation linker.
Conjugation linkers are described herein. In embodiments, the conjugation linker comprises an
amide, a thioester, a thioether, a disulfide, an imine, a triazole, a dihydropyridazine, a peptide, an
oligonucleotide, a hydrophilic polymer, or a combination thereof.

[00260] In embodiments, the antibody or antigen-binding fragment thereof comprises an antigen
binding domain that specifically binds to the ECL label and an amide. In embodiments, the
antibody or antigen-binding fragment thereof comprises an antigen binding domain that
specifically binds to the ECL label and a thioester. In embodiments, the antibody or antigen-
binding fragment thereof comprises an antigen binding domain that specifically binds to the ECL
label and a thioether. In embodiments, the antibody or antigen-binding fragment thereof comprises
an antigen binding domain that specifically binds to the ECL label and a disulfide. In
embodiments, the antibody or antigen-binding fragment thereof comprises an antigen binding
domain that specifically binds to the ECL label and an imine. In embodiments, the antibody or
antigen-binding fragment thereof comprises an antigen binding domain that specifically binds to
the ECL label and a triazole. In embodiments, the signal amplification reagent specifically binds to
the ECL label and a dihydropyridazine.

[00261] In embodiments, the conjugation linker comprises a spacer (e.g., a peptide, an
oligonucleotide, or a hydrophilic polymer as described herein), and the antibody or antigen-
binding fragment thereof comprises an antigen binding domain that specifically binds to the ECL
label and at least a portion of the peptide, oligonucleotide, or hydrophilic polymer of the
conjugation linker. In embodiments, the antibody or antigen-binding fragment thereof comprises
an antigen binding domain that specifically binds to the ECL label and at least a portion of a
peptide of the conjugation linker. In embodiments, the antibody or antigen-binding fragment
thereof comprises an antigen binding domain that specifically binds to the ECL label and at least a
portion of an oligonucleotide of the conjugation linker. In embodiments, the antibody or antigen-
binding fragment thereof comprises an antigen binding domain that specifically binds to the ECL

label and at least a portion of a hydrophilic polymer of the conjugation linker.

[00262] In embodiments, the antibody or antigen-binding fragment thereof further comprises a
nucleic acid probe. Nucleic acid probes are described herein. In embodiments, the nucleic acid
probe is capable of binding to a template oligonucleotide. In embodiments, the nucleic acid probe
is a primer for an extension reaction, e.g., polymerase chain reaction (PCR), ligase chain reaction

(LCR), strand displacement amplification (SDA), self-sustained synthetic reaction (3SR), and/or
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isothermal amplification (such as, e.g., helicase-dependent amplification or rolling circle

amplification), as described herein.

[00263] In embodiments, the invention provides a composition comprising: (a) an antibody or
antigen-binding fragment thereof provided herein, wherein the antibody or antigen-binding
fragment thereof comprises a nucleic acid probe; and (b) a template oligonucleotide that is capable

of binding to the nucleic acid probe. Template oligonucleotides are further described herein.

[00264] In embodiments, the antibody or antigen-binding fragment thereof further comprises a
binding moiety. Binding moieties are described herein. In embodiments, the binding moiety is
capable of binding to a detectable moiety described herein. In embodiments, the binding moiety
comprises an oligonucleotide. In embodiments, the binding moiety comprises biotin. In
embodiments, the binding moiety comprises avidin or streptavidin. In embodiments, the binding

moiety comprises multiple binding sites for the detectable moiety.

[00265] In embodiments, the invention provides a composition comprising: (a) an antibody or
antigen-binding fragment thereof provided herein, wherein the antibody or antigen-binding
fragment thereof comprises a binding moiety; and (b) a detectable moiety comprising (i) a binding
partner of the binding moiety and (ii) one or more detectable labels. Detectable moieties are
described herein. In embodiments, the detectable moiety comprises a detectable label. In
embodiments, the detectable moiety comprises more than one of the detectable label. In
embodiments, the labeled probe comprises 1, 2, 3,4, 5, 6, 7, 8, 9, 10, or more than 10 of the
detectable label. In embodiments, the binding moiety of the antibody or antigen-binding fragment
thereof binds to the detectable moiety. In embodiments where the binding moiety comprises an
oligonucleotide, the detectable moiety comprises a complementary oligonucleotide. In
embodiments where the binding moiety comprises biotin, the detectable moiety comprises avidin
or streptavidin. In embodiments where the binding moiety comprises avidin or streptavidin, the
detectable moiety comprises biotin. In embodiments, the detectable moiety comprises multiple
binding sites for the binding moiety.

[00266] Detectable labels are described herein. In embodiments, the detectable label is capable of
being detected by light scattering, optical absorbance, fluorescence, chemiluminescence,
electrochemiluminescence, bioluminescence, phosphorescence, radioactivity, magnetic field, or
combination thereof. In embodiments, the detectable label comprises an ECL label as described

herein.

[00267] In embodiments, the ECL label comprises an organometallic complex comprising three
ligands, wherein a first ligand is a compound of Formula I, and wherein a second ligand comprises

a bipyridine having at least one substituent that is covalently linked to the detectable moiety. In
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embodiments, the ECL label comprises an organometallic complex comprising three ligands,
wherein two of the ligands are each a compound of Formula I, and wherein the third ligand
comprises a bipyridine having at least one substituent that is covalently linked to the detectable
moiety.

[00268] In embodiments, the detectable label comprises a compound of Formula II. In
embodiments, the detectable label comprises a compound of Formula III. In embodiments, the
detectable label comprises a compound of Formula IV. In embodiments, the detectable label
comprises a compound of Formula V. In embodiments, the detectable label comprises a compound
of Formula VL.

[00269] In embodiments, the antibody or antigen-binding fragment thereof further comprises an
enzyme. Enzymes are further described herein. In embodiments, the enzyme is HRP, AP, or B-

galactosidase.

[00270] In embodiments, the invention provides a composition comprising: an antibody or
antigen-binding fragment thereof provided herein, wherein the antibody or antigen-binding
fragment thereof comprises an enzyme. In embodiments, the composition further comprises a
substrate of the enzyme. In embodiments, the enzyme is HRP and the substrate is TMB, ABTS, or
OPD. In embodiments, the enzyme is AP and the substrate is PNPP. In embodiments, the enzyme
is B-galactosidase and the substrate is ONPG. Enzymes such as HRP, AP, and p-galactosidase, and
their substrates, including TMB, ABTS, OPD, PNPP, and ONPG, are further described herein.
Kits

[00271] In embodiments, the invention provides a kit for detecting an analyte of interest
comprising, in one or more vials, containers, or compartments: (a) a capture reagent that
specifically binds to the analyte; (b) a detection reagent that specifically binds to the analyte,
wherein the detection reagent comprises a first detectable label; and (c) a signal amplification
reagent that specifically binds to the first detectable label. In embodiments, the first detectable
label is an ECL label. In embodiments, the kit further comprises a surface. In embodiments, the
detection reagent is a first detection reagent, and the kit further comprises a second detection
reagent that specifically binds to the analyte, wherein the second detection reagent comprises a

first detectable label.

[00272] In embodiments, the invention provides a kit for detecting an analyte of interest
comprising, in one or more vials, containers, or compartments: (a) a capture reagent that
specifically binds to the analyte; (b) a detection reagent that specifically binds to the analyte,
wherein the detection reagent comprises a first nucleic acid probe; (¢) a first labeled probe

comprising a first detectable label; and (d) a signal amplification reagent that specifically binds to

82



WO 2023/278293 PCT/US2022/035068

the first detectable label. In embodiments, the first detectable label is an ECL label. In

embodiments, the kit further comprises a surface.

[00273] In embodiments, the invention provides a kit for detecting an analyte of interest
comprising, in one or more vials, containers, or compartments: (a) a capture reagent that
specifically binds to the analyte; (b) a detection reagent that specifically binds to the analyte,
wherein the detection reagent comprises an ECL label; and (c) a signal amplification reagent that
specifically binds to the ECL label. In embodiments, the kit further comprises a surface. In
embodiments, the detection reagent is a first detection reagent, and the kit further comprises a
second detection reagent that specifically binds to the analyte, wherein the second detection

reagent comprises an ECL label.

[00274] In embodiments, the invention provides a kit for detecting an analyte of interest
comprising, in one or more vials, containers, or compartments: (a) a capture reagent that
specifically binds to the analyte; (b) a detection reagent that specifically binds to the analyte,
wherein the detection reagent comprises a first nucleic acid probe; (¢) a first labeled probe
comprising a first ECL label; and (d) a signal amplification reagent that specifically binds to the
first ECL label. In embodiments, the kit further comprises a surface.

[00275] In embodiments, the invention provides a kit comprising an antibody or antigen-binding
fragment that comprises an antigen binding domain specific to an ECL label and that comprises a
binding moiety, as described herein. In embodiments, the invention provides a kit comprising an
antibody or antigen-binding fragment that comprises an antigen binding domain specific to an
ECL label and that comprises an enzyme, as described herein. In embodiments, the kit further
comprises one or both of a capture reagent and a detection reagent, wherein the detection reagent
comprises an ECL label. In embodiments, the kit further comprises one or more of a capture
reagent, a first detection reagent, and a second detection reagent, wherein the first and second
detection reagents each comprises an ECL label. In embodiments, the kit further comprises a

surface.

[00276] In embodiments, the invention provides a kit comprising an antibody or antigen-binding
fragment that comprises an antigen binding domain specific to an ECL label and that comprises a
nucleic acid probe as described herein. In embodiments, the kit further comprises an anchoring
reagent, a template oligonucleotide, a labeled probe, a polymerase, a ligase, a buffer, a blocking
agent, a co-reactant, a diluent, a stabilizing agent, a calibration agent, an assay consumable, or a
combination thereof. In embodiments, the kit further comprises one or both of a capture reagent
and a detection reagent, wherein the detection reagent comprises an ECL label. In embodiments,

the kit further comprises one or more of a capture reagent, a first detection reagent, and a second

83



WO 2023/278293 PCT/US2022/035068

detection reagent, wherein the first and second detection reagents each comprises an ECL label. In

embodiments, the kit further comprises a surface.

[00277] Capture reagents, detection reagents, e.g., first and second detection reagents, first
detectable labels, and signal amplification reagents are described herein. In embodiments, the
capture reagent, the detection reagent or first and second detection reagents, and the signal
amplification reagent each comprises an antibody or antigen-binding fragment thereof, antigen,
ligand, receptor, oligonucleotide, hapten, epitope, mimotope, or an aptamer. In embodiments, the
capture reagent, the detection reagent or first and second detection reagents, and the signal
amplification reagent each comprises an antibody or antigen-binding fragment thereof. In

embodiments, the signal amplification reagent is an IgG antibody.

[00278] In embodiments, the first detectable label is an electrochemiluminescent (ECL) label. In
embodiments, the signal amplification reagent is an antibody or antigen-binding fragment thereof

comprising an antigen binding domain specific to an ECL label. ECL labels are described herein.

[00279] In embodiments, the ECL label is a compound of Formula II. In embodiments, the ECL
label is a compound of Formula III. In embodiments, the ECL label is a compound of Formula I'V.
In embodiments, the ECL label is a compound of Formula V. In embodiments, the ECL label is a

compound of Formula VL

[00280] In embodiments, the signal amplification reagent comprises a binding moiety. In
embodiments, the kit further comprises a reagent for conjugating a binding moiety to the signal
amplification reagent. Binding moieties are described herein. In embodiments, the binding moiety
comprises an oligonucleotide. In embodiments, the binding moiety comprises biotin. In
embodiments, the binding moiety comprises avidin or streptavidin. In embodiments, the kit further
comprises a detectable moiety comprising: (i) a binding partner of the binding moiety and (ii) one
or more of a second detectable label. Detectable moieties are described herein. In embodiments,
the binding moiety comprises an oligonucleotide, and the detectable moiety comprises a
complementary oligonucleotide. In embodiments, the binding moiety comprises biotin, and the
detectable moiety comprises avidin or streptavidin. In embodiments where the binding moiety
comprises avidin or streptavidin, the detectable moiety comprises biotin.

[00281] In embodiments, the detectable moiety comprises a second detectable label. Second
detectable labels are further described herein. In embodiments, the detectable moiety comprises
more than one of the second detectable label. In embodiments, the detectable moiety comprises 1,
2,3,4,5,6,7,8,9, 10, or more than 10 of the second detectable label. In embodiments, the second
detectable label is an ECL label. In embodiments, the first detectable label is detectably distinct

from the second detectable label as described herein.
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[00282] In embodiments, the signal amplification reagent comprises an enzyme. In embodiments,
the kit further comprises a substrate of the enzyme. Enzymes and their substrates are further
described herein. In embodiments, the enzyme is HRP and the substrate is TMB, ABTS, or OPD.
In embodiments, the enzyme is AP and the substrate is PNPP. In embodiments, the enzyme is [3-
galactosidase and the substrate is ONPG. In embodiments, the substrate is a chromogenic

substrate, a fluorogenic substrate, or a chemiluminescent substrate as described herein.

[00283] In embodiments, the signal amplification reagent comprises a second detectable label.
Second detectable labels are further described herein. In embodiments, the signal amplification
reagent comprises more than one of the second detectable label. In embodiments, the signal
amplification reagent comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more than 10 of the second
detectable label. In embodiments, the first detectable label is detectably distinct from the second
detectable label as described herein. In embodiments, the second detectable label is an ECL label

as described herein.

[00284] In embodiments, the detection reagent comprises a first detectable label, and the signal
amplification reagent comprises a nucleic acid probe. In embodiments, the first and second
detection reagents each comprises a first detectable label, and the signal amplification reagent
comprises a nucleic acid probe. In embodiments, the kit further comprises a reagent for
conjugating a nucleic acid probe to the signal amplification reagent. Nucleic acid probes are
described herein. In embodiments, nucleic acid probe is a primer for an extension reaction, €.g.,
polymerase chain reaction (PCR), ligase chain reaction (LCR), strand displacement amplification
(SDA), self-sustained synthetic reaction (3SR), and/or isothermal amplification (such as, e.g.,
helicase-dependent amplification or rolling circle amplification), to form an extended sequence as
described herein. In embodiments, the kit further comprises a template oligonucleotide, e.g., for
performing the extension reaction. In embodiments, the kit further comprises an anchoring
reagent, e.g., for binding to the extended sequence produced from the extension reaction. Template
oligonucleotides and anchoring reagents are further described herein. In embodiments, the
anchoring reagent comprises a single stranded oligonucleotide. In embodiments, the anchoring
reagent comprises a double stranded oligonucleotide. In embodiments, the kit further comprises a
labeled probe comprising one or more of a second detectable label, wherein the labeled probe and
the extended sequence comprise complementary oligonucleotides. In embodiments, the labeled
probe comprises more than one of the second detectable label. In embodiments, the labeled probe
comprises 1,2, 3,4,5,6,7, 8,9, 10, or more than 10 of the second detectable label. In
embodiments, the second detectable label is an ECL label. In embodiments, the first detectable

label is detectably distinct from the second detectable label as described herein.
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[00285] In embodiments, the detection reagent comprises a first nucleic acid probe, and the signal
amplification reagent comprises a second nucleic acid probe. In embodiments, the kit further
comprises a reagent for conjugating the first nucleic acid probe to the detection reagent. In
embodiments, the kit further comprises a reagent for conjugating the second nucleic acid probe to
the signal amplification reagent. First and second nucleic acid probes are described herein. In
embodiments, the kit further comprises one or more template oligonucleotides, e.g., for extending
the first and second nucleic acid probes. In embodiments, the kit further comprises first and second
anchoring reagents that respectively bind first and second extended sequences, as described herein.
In embodiments, the kit further comprises a first labeled probe that comprises one or more of a
first detectable label, wherein the first labeled probe and the first extended sequence comprise
complementary oligonucleotides. In embodiments, the first labeled probe comprises more than one
of the first detectable label. In embodiments, the first labeled probe comprises 1, 2, 3, 4,5, 6,7, 8,
9, 10, or more than 10 of the first detectable label. In embodiments, the kit further comprises a
second labeled probe that comprises one or more of a second detectable label, wherein the second
labeled probe and the second extended sequence comprise complementary oligonucleotides. In
embodiments, the second labeled probe comprises more than one of the second detectable label. In
embodiments, the second labeled probe comprises 1, 2, 3,4, 5, 6,7, 8, 9, 10, or more than 10 of
the second detectable label. First and second labeled probes are described herein. In embodiments,
the first detectable label is an ECL label. In embodiments, the second detectable label is an ECL
label. In embodiments, the first detectable label is detectably distinct from the second detectable

label as described herein.

[00286] In embodiments, the detection reagent or the first and second detection reagents are
lyophilized. In embodiments, the detection reagent or the first and second detection reagents are
provided in solution. In embodiments, the signal amplification reagent is lyophilized. In
embodiments, the signal amplification reagent is provided in solution. In embodiments, the
capture reagent is immobilized on a surface provided in the kit. In embodiments, the capture
reagent is lyophilized or provided in solution, and the kit further comprises a reagent for
immobilizing the capture reagent to a surface. In embodiments comprising an anchoring reagent
(e.g., an anchoring for binding to an extended sequence, a first anchoring reagent for binding to a
first extended sequence, and/or a second anchoring reagent for binding to a second extended
sequence, as described herein), the anchoring reagent is immobilized on a surface provided in the
kit. In embodiments, the anchoring reagent is lyophilized or provided in solution, and the kit
further comprises a reagent for immobilizing the anchoring reagent to a surface. In embodiments,
the capture reagent is immobilized within about 1 nm to about 500 nm, about 5 nm to about 250

nm, about 10 nm to about 200 nm, or about 15 nm to about 150 nm of the anchoring reagent on
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the surface. In embodiments, the capture reagent is immobilized less than 1 um from the anchoring
reagent on the surface. In embodiments, the capture reagent is immobilized less than 500 nm from
the anchoring reagent on the surface. In embodiments, the capture reagent is immobilized less than
200 nm from the anchoring reagent on the surface. Reagents and methods for immobilizing
capture and/or anchoring reagents to surfaces, e.g., via targeting agents/targeting agent
complements, linking agents/supplemental linking agents, and bridging agents are described

herein.

[00287] In embodiments, the kits provided herein further comprise a surface. In embodiments,
the surface is a plate. In embodiments, the surface is a multi-well plate. In embodiments, the
surface is a particle. In embodiments, the kit comprises a particle array. In embodiments, the
surface is a cartridge. In embodiments, the surface comprises an electrode. In embodiments, the

electrode is a carbon ink electrode.

[00288] In embodiments, the capture, detection, and/or signal amplification reagents and other
components of the kit are provided separately. In embodiments, the components of the kit are

provided separately according to their optimal shipping or storage temperatures.

[00289] In embodiments, the kit further comprises a calibration reagent. In embodiments, the
calibration reagent comprises a known quantity of the analyte. In embodiments, the kit comprises
multiple calibration reagents comprising a range of concentrations of the analyte. In embodiments,
the multiple calibration reagents comprise concentrations of the analyte near the upper and lower
limits of quantitation for the method. In embodiments, the multiple calibration reagents span the
entire dynamic range of the method. In embodiments, the calibration reagent is a positive control
reagent. In embodiments, the calibration reagent is a negative control reagent. In embodiments, the
positive or negative control reagent is used to provide a basis of comparison for the sample to be
tested with the methods of the present invention. In embodiments, the calibration reagent is

lyophilized. In embodiments, the calibration reagent is provided in solution.

[00290] In embodiments, the kit further comprises a polymerase, a ligase, a buffer, a blocking
agent, a co-reactant, a diluent, a stabilizing agent, a calibration agent, an assay consumable, an

electrode, or a combination thereof.

[00291] In embodiments, the kit further comprises a polymerase, e.g., for performing polymerase
chain reaction (PCR), ligase chain reaction (LCR), strand displacement amplification (SDA), self-
sustained synthetic reaction (3SR), and/or isothermal amplification (such as, e.g., helicase-

dependent amplification or rolling circle amplification). In embodiments, the kit further comprises

aligase, e.g., for ligating the template oligonucleotide.
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[00292] In embodiments, the kit further comprises a buffer, e.g., an assay buffer, a reconstitution
buffer, a storage buffer, a read buffer, or a combination thereof. In embodiments, the kit further
comprises a co-reactant, e.g., for performing an electrochemiluminescence measurement.

Exemplary co-reactants are described, e.g., in WO 2020/142313.

[00293] In embodiments, the kit further comprises a blocking agent, e.g., to decrease non-specific
binding by components other than the analyte of interest to the capture reagent and the detection
reagent, or the capture reagent and the first and second detection reagents described herein.
Exemplary blocking agents include, but are not limited to, mBSA, sheared poly(A), polyBSA-I,
mlgG, Tween, polyBSA-II, yeast RNA, mBSA + poly(a), and/or polyBSA + poly(A). In
embodiments, the kit further comprises a diluent for one or more components of the kit. In
embodiments, a kit comprising the components above includes stock concentrations of the
components that are 5X, 10X, 20X, 30X, 40X, 50X, 60X, 70X, 80X, 90X, 100X, 125X, 150X or
higher fold concentrations of a working concentration for the methods provided herein. In
embodiments, the kit further comprises a stabilizing agent, e.g., for storage of one or more

components of the kit.

[00294] In embodiments, the kit further comprises an assay consumable, e.g., assay modules,
vials, tubes, liquid handling and transfer devices such as pipette tips, covers and seals, racks,
labels, and the like. In embodiments, the kit further comprises an electrode, e.g., for performing an
electrochemiluminescence measurement. In embodiments, the electrode is applied to the surface
provided herein. In embodiments, the kit further comprises an assay instrument and/or instructions

for carrying out the methods described herein.

[00295] It will be understood by one of ordinary skill in the art that components of the kits
described herein, which may be provided in one or more vials, containers, or compartments, are
not necessarily included in the same container, e.g., same box, and/or at the same time. In
embodiments, the components of the kits described herein are provided in one or more separate
containers or compartments either simultaneously or sequentially. It will be further understood by
one of ordinary skill in the art that a user may obtain (e.g., purchase or possess) the components of
the kit (e.g., the signal amplification reagent described herein) separately, e.g., in one or more
separate containers or compartments, but nonetheless the components are considered part of a
"kit" when used in combination, e.g., as described in embodiments herein. In some embodiments,
a kit comprises multiple containers, vials, or compartments supplied together in a single package

or container.

[00296] In embodiments, the invention provides a set of kits comprising a plurality of first kits

and a second kit, wherein each first kit is for detecting a unique analyte of interest, and wherein
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each first kit comprises: (a) a capture reagent that specifically binds to a unique analyte; and (b) a
detection reagent or first and second detection reagents that each (i) specifically binds to the
unique analyte and (ii) comprises a first detectable label; and wherein the second kit comprises a
signal amplification reagent that specifically binds to the first detectable label. In embodiments,
the first detectable label is an ECL label. In embodiments, the first and/or the second kit further
comprises a surface. In embodiments, the set of kits further comprises a third kit comprising a

surface. Components of the kits are further described herein.

[00297] In embodiments, the invention provides a set of kits comprising a plurality of first kits
and a second kit, wherein each first kit is for detecting a unique analyte of interest, and wherein
each first kit comprises: (a) a capture reagent that specifically binds to a unique analyte; (b) a
detection reagent that (i) specifically binds to the unique analyte and (ii) comprises a first nucleic
acid probe; and (c) a first labeled probe comprising a first detectable label; and wherein the second
kit comprises a signal amplification reagent that specifically binds to the first detectable label. In
embodiments, the first detectable label is an ECL label. In embodiments, the first and/or the
second kit further comprises a surface. In embodiments, the set of kits further comprises a third kit

comprising a surface. Components of the kits are further described herein.

[00298] In embodiments, the set of kits is capable of detecting multiple analytes of interest in a
sample, wherein the analytes are present in concentrations that range from about 0.0001 pg/mL to
about 100000 pg/mL. In embodiments, the sample comprises one or more analytes with a
concentration that is 10, 100, 1000, 10000, 100000, 106, 107, 108, 10°, or 10'°fold higher than the
lowest abundance analytes. In embodiments, each first kit is capable of detecting a higher
abundance analyte in the sample. In embodiments, each first kit is not capable of detecting a lower
abundance analyte in the sample. In embodiments, a combination of the components of a first kit
and a second kit is capable of detecting a lower abundance analyte in a sample. In embodiments,
the amount of the higher abundance analyte present in the sample is about 1.5-fold, about 2-fold,
about 5-fold, about 10-fold, about 25-fold, about 50-fold, about 75-fold, about 100-fold, about
500-fold, about 1000-fold, about 10000-fold, about 100000-fold, about 10°-fold, about 107-fold,
about 10%-fold, about 10°-fold, about 10'°-fold, or greater than 10'°-fold higher than the amount of
the lower abundance analyte. In embodiments, the amount of the higher abundance analyte is
present in the sample at a concentration of about 1 pg/mL to about 100000 pg/mL and the lower

abundance analyte is present in the sample at a concentration of about 0.0001 pg/mL to about 1

pg/mL.

[00299] In embodiments, a user performs a method as described herein, comprising detecting one

or more analytes of interest using components of the one or more first kits; and, if any of the one
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or more analytes is substantially undetected, adding the signal amplification reagent of the second

kit to provide an amplified assay signal for the one or more substantially undetected analytes.

[00300] In embodiments, the invention provides a method comprising: providing to a user a first
kit for detecting an analyte of interest in a first sample, wherein the first kit comprises, in one or
more vials, containers, or compartments: (a) a capture reagent that specifically binds to the
analyte; and (b) a detection reagent or first and second detection reagents that each specifically
binds to the analyte; providing to the user a second kit for detecting the analyte in a second
sample, wherein the second kit comprises a signal amplification reagent; wherein the first sample
comprises a higher amount of the analyte as compared to the second sample. In embodiments, the
first and/or the second kit further comprises a surface. In embodiments, the set of kits further
comprises a third kit comprising a surface. Components of the kits are further described herein. In
embodiments, the invention provides a method comprising providing to a user a second kit for
detecting an analyte of interest in a sample, wherein the second kit comprises a signal
amplification reagent that specifically binds to a label on a labeled detection reagent or labeled
first and second detection reagents, and wherein the second kit is designed for use in conjunction
with a first kit that comprises (a) a capture reagent that specifically binds to the analyte; and (b) a
labeled detection reagent or labeled first and second detection reagents that each specifically binds

to the analyte.
[00301] All references cited herein, including patents, patent applications, papers, textbooks and
the like, and the references cited therein, to the extent that they are not already, are hereby

incorporated herein by reference in their entirety.

EXAMPLES

Example 1. Monoclonal Antibody Development Against ECL Label

[00302] Experiments were conducted to develop and screen for antibodies against the MSD
SULFO-TAG™ ECL label (MESO SCALE DISCOVERY®, Rockville, MD).

[00303] a) Reagent Preparation

[00304] Unconjugated MSD GOLD SULFO-TAG™ NHS-Ester (hereinafter referred to as
"SULFO-TAG") was separately conjugated to keyhole limpet hemocyanin (KLH) using
IMJECT™ EDC mcKLH Spin Kit (Thermo Fisher Scientific, Waltham, MA). The SULFO-TAG
was separately conjugated to monomeric bovine serum albumin (BSA) using a typical protein
conjugation protocol. KLH-conjugated SULFO-TAG was used as immunogen, and BSA-
conjugated SULFO-TAG was used as the screening reagent. A 96-well assay plate containing

seven distinct binding domains ("'spots") in each well was immobilized with goat-anti-mouse
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("GAM") antibody in one of the spots, while the remaining spots were coated with BSA. The

plates were used for anti-sera or hybridoma screening.
[00305] b) Immunizations

[00306] A group of six 6 to 8 weeks-old female mice (two Balb/C mice, two CFW mice, and two
CD-1 mice) were used for immunizations. All mice were injected subcutaneously (SC) and
intraperitoneally (IP) with 40 ug of KLH-SULFO-TAG mixed with Complete Freund's Adjuvant
on Day 0, and with 20 pg of KLH-SULFO-TAG mixed with Incomplete Freund's Adjuvant on
Days 14, 28, 42 and 56. Serum samples collected on Days 36 and 64 were tested for immune
response at various dilutions by two different assays. As described above, GAM was immobilized
in one of the seven spots in 96-well assay plates, with the remaining spots coated with BSA. After
blocking the plates with 1x TBS-T/3% BSA for 30 minutes, various dilutions of anti-sera from the
mice were added to the plates and incubated for 1 hour. After washing plates with TBS-T, either
BSA-conjugated SULFO-TAG (Assay format 1) or unconjugated SULFO-TAG (Assay format 2)
was added to the plates at a concentration of 0.75 pg/ml and then incubated for 1 hour. Plates were
then washed and developed using Read Buffer. All incubations were performed at room

temperature. Assay formats used for screening are depicted in FIG. 5.

[00307] Pre-fusion (final) boosts were performed on Day 77 for mice with the best immune titer
by injecting 15 pug of immunogen in the absence of adjuvant. All remaining mice were further
boosted on Days 70 and 84 with 20 pg of immunogen mixed with SIGMA ADJUVANT
SYSTEM® (MilliporeSigma, St. Louis, MO) and MAGIC™ Mouse Adjuvant (Creative
Diagnostics, Shirley, NY). Serum samples collected from these mice on Day 92 were again tested
for immune response as described above. Pre-fusion boosts were performed on Day 98 for mice
with best antibody titer. Immunizations, serum collection, spleen harvest and animal maintenance
were performed at a preclinical contract laboratory in Maryland, US.

[00308] Screening data for anti-sera collected on Day 64 (for mice numbers 262 and 265) and
Day 92 (for mice numbers 261, 263, 264, and 266) is shown in Table 1. Mice were selected for
fusions based on relative ECL signal intensity at 1:37,500 dilution. Out of 6 mice immunized, two
Balb/C and two CFW mice showed relatively better immune response and hence selected for

fusions. The two CD-1 mice with relatively poor immune response were excluded from the study.

Table 1. Sera screening for evaluation of immune response

Assay format - 1 Assay format - 2 Mouse
Serum selected for
Animal ID Strain Dilution GAM BSA GAM BSA fusion?
MO05-106-261 | Balb/C 1:1500 42344 77 67,602 5,418 Yes
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1:7500 35,772 87 61,439 5.350
1:37500 30,027 73 48,774 5,336
1:187500 18,210 86 31,180 5,491
MO05-106-262 | Balb/C 1:1500 45,756 117 40,186 2,762 Yes
1:7500 41,980 100 37,408 2,777
1:37500 27,387 129 31,248 2,678
1:187500 12,499 127 17,361 2,733
MO05-106-263 CD-1 1:1500 9,055 79 23,236 5.611 No
1:7500 8,109 90 20,298 5,618
1:37500 6,671 80 19,079 5,373
1:187500 4,519 75 12,370 5,516
MO05-106-264 CD-1 1:1500 20,778 91 29,638 5,582 No
1:7500 17,654 78 29,891 5,572
1:37500 14,587 92 24,097 5,093
1:187500 11,034 100 16,051 5.433
MO05-106-265 CFW 1:1500 60,114 142 52,297 2,784 Yes
1:7500 48,108 123 44,902 2,700
1:37500 33,649 137 29,564 2,622
1:187500 12,623 127 13,464 2,679
MO05-106-266 CFW 1:1500 71,798 76 114,809 5.355 Yes
1:7500 62,955 74 93,455 5,525
1:37500 39,156 74 74,885 5,145
1:187500 19,660 99 38,633 5,293

[00309] c) Hybridoma Development

[00310] Spleens were collected three days after final boost from mice selected for fusions.
Splenocytes were mixed with mouse myeloma cell line P3X63Ag8.653 in 2:1 ratio, and PEG-
assisted cell fusions were performed. Post-fusion, cells were seeded in flat-bottom 96-well plates
in AH selection medium at a minimum cell density of 20 x 10° cells/plate. Hybridoma culture
supernatants from all fusion plates were collected 12 days after fusion and tested for antigen
specificity by Assay format 1 as described above. All antigen-positive hybridomas were expanded
to 48-well plates and re-tested for antigen specificity for further confirmation by the two assay

formats described above. These hybridomas were subsequently subcloned by limiting dilution.

[00311] From a total of four fusions, 39 plates were screened from which 23 parental hybridoma
clones that are specific for SULFO-TAG were identified (Table 2). All antigen-specific clones
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from fusions F144 and F145 were directly subcloned without performing additional testing at the
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48-well stage. Thus, no data was available for these clones in Assay format 2.

[00312] As shown in Table 2, although ECL signal intensities varied between two assay formats,

no significant differences were observed.

Table 2. Hybridoma screening and clone selection at fusion stage

Clone No. Assay format - 1 Assay format - 2
GAM BSA GAM BSA
1 F136-1B4 50,070 109 53,298 3341
2 | FI36-3A12 51,521 114 55,119 3341
3 F136-3F10 | 113,694 101 92,194 3292
4 F136-5E9 78,896 108 68,946 3072
5 F136-6F9 118,530 106 96,312 3223
6 F136-7D11 72914 101 65,768 3386
7 F136-7E2 49,984 109 42,597 3219
8 F136-8E1 60,696 94 50,952 3249
9 F136-9B7 81,463 104 69,923 3166
10 | F136-10H6 68,698 98 64,043 3433
11 | F137-2F11 30,603 115 97,285 3312
12 F137-6B9 59,177 111 49,589 3288
13 F144-2C7 28,986 74
14 F144-3C4 64,650 58
15 F144-3F4 26,587 56
16 F144-4E1 18,252 46
17 F144-4G1 40,081 67
18 | F144-4G7 42,006 49
19 | F144-5G7 18,241 79
20 F144-8B2 130,890 54
21 F144-9B2 64,554 68
22 | F145-10A9 18,330 58
23 | F145-10H2 15,760 43

[00313] d) Hybridoma Subcloning and Antibody Purification

[00314] Antigen-specific parental hybridomas were subjected to subcloning by limiting dilution
in 96-well plates and wells with one, two (indicated by "t" in clone ID) or multiple colonies

(indicated by "m") were marked by visual inspection under the microscope. Supernatants from
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these wells were collected 12 days after seeding and tested for antigen specificity as described
above. At least one subclone from each parental line with the best antigen specificity was
expanded up to 50 mL in DMEM medium supplemented with ultra-low IgG FBS. Antibody
purifications were performed using AMMAG™ Protein A Magnetic Beads from GenScript
according to the manufacturer's instructions.

[00315] Out of 23 parental hybridomas, 11 clones survived subcloning. Screening data for these
clones is shown in Table 3. Consistent with fusion screening results, no significant differences
were observed between the two assay formats. A total of 11 purified monoclonal antibodies were

generated. Purified anti-SULFO-TAG antibodies are listed in Table 4.

Table 3. Hybridoma Screening and Clone Selection at Subclone Stage

Assay format -
Clone ID Assay format - 1 )

GAM | BSA | GAM | BSA

1 F136-1B4-8 76,376 84 50,071 | 1,318
2 | F136-3A12-2 75,034 121 52,344 | 1,511
3 | FI136-3F10-6 | 165381 | 145 | 117,152 | 1,800
4 | F136-5E9-2t 98,044 87 | 84,482 | 1,510
5 F136-6F9-3 129,696 | 88 | 99,565 | 1,397
6 | F136-7D11-4m | 91,923 90 55,193 | 1,529
7 | F136-8El-1 68,167 93 | 60,101 | 1,521
8 | F137-6B9-1 33,100 85 | 27,858 | 1,488
9 | F144-4G7-3 46,464 150 | 72,481 | 96,603
10 | F144-8B2-2 145,460 145 | 172,353 | 96,246
11 | F145-10A9-1m | 26,632 147 | 91,949 | 93,168

Table 4. Eleven Anti-SULFO TAG Antibodies

Antibody clone Concentration Volume of Antibody | Amount of Antibody Tsotype
name (mg/mL) Produced (ml) Produced (mg)

F136-1B4-8 1.4 2.0 2.72 1gG2b
F136-3A12-2 19 2.0 371 IgGl
F136-3F10-6 1.0 2.0 1.94 IgG3
F136-5E9-2t 0.8 2.0 1.59 IgGl

F136-6F9-3 1.8 2.0 3.57 IgG3

F136-7D11-4m 1.7 2.0 3.39 1gG3

F136-8E1-1 1.7 2.0 3.46 IgGl
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F137-6B9-1 12 0.4 0.46 IgG2b

F144-4G7-3 1.4 2.0 2.75 IgG1

F144-8B2-2 2.0 2.0 3.98 IgGl
F145-10A9-1m 12 03 0.37 IgG2b

[00316] The specific germline genes that generated the antibodies were identified. The light
chains were produced by the IGLV1*01 F gene, and the heavy chain was produced by the
IGHV2-9*02 F gene.

Example 2. Conjugation of Antibodies to Nucleic Acid Probe

[00317] Each anti-SULFO-TAG antibody generated in Example 1 was conjugated to a nucleic
acid probe, as described in embodiments herein. For nucleic acid probe conjugation, antibodies
above 1 mg/mL concentration were diluted to 1 mg/mL in PBS, and antibodies below 1 mg/mL
concentration were not concentration adjusted. The buffer for all antibodies was brought to 1 mM
EDTA using a 0.5 M EDTA stock solution. Next, each antibody was incubated with a 5-molar
excess of a PEGylated SMCC crosslinker, SM(PEG)4, for 1 hour at room temperature. Then, the
nucleic acid probe was added in 8-fold molar excess and incubated for 1 hour at room
temperature. All conjugation reactions were quenched with a final concentration of 1 mM

iodoacetamide and incubated at room temperature for 30 minutes.

Example 3. Antibody Screening

[00318] Experiment 1

[00319] Anti-SULFO-TAG antibodies conjugated with nucleic acid probe, as described in
Example 2, were screened for performance as a signal amplification reagent as described in
embodiments herein. Feasibility testing was performed in 96-well streptavidin-coated assay plates
with capture and detection antibodies against human ZnT8, human IA-2, human TGM-2, and
mouse IL-1b. Assays to detect the concentration of a single analyte were performed as follows:
[00320] 1) Coat 96-well streptavidin-coated assay plates with 50 uLL of biotinylated capture
antibody at 0.25 ug/mL and 0.2 ng/mL biotinylated anchoring reagent in coating solution/diluent
mixture. Shake at 705 rpm for 1 hour at room temperature.

[00321] 2) Wash the plate three times, each time with 300 uL of wash buffer.

[00322] 3) Add 25 uL of blocking solution and 25 uL of calibrator or sample in diluent. Shake at
705 rpm for 1.5 hours at room temperature.

[00323] 4) Wash the plate three times, each time with 300 pL of wash buffer.

[00324] 5) Add 50 uL of detection antibody containing SULFO-TAG ("SULFO-TAG-detection
antibody") at 1 pg/mL in diluent. Shake at 705 rpm for 1 hour at room temperature.
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[00325] 6) Wash the plate three times, each time with 300 uL of wash buffer.
[00326] 7) Add 50 pL of anti-SULFO-TAG antibody at 0.125 pg/mL in diluent. Shake at 705

rpm for 1 hour at room temperature.
[00327] 8) Wash the plate three times, each time with 300 uL of wash buffer.

[00328] 9) Add 50 uL of enhancement solution containing components for extending the nucleic

acid probe of the anti-SULFO-TAG antibody to form an extended sequence.
[00329] 10) Wash the plate three times, each time with 300 uL of wash buffer.

[00330] 11) Add 50 uL of detection solution containing components for detecting the extended

sequence.
[00331] 12) Wash the plate three times, each time with 300 pL of wash buffer.
[00332] 13) Add 150 uL of read buffer.
[00333] 14) Read plate on plate reader.

[00334] Results of the ECL assay signals are shown in FIG. 6. Based on the measured ECL assay
signals, anti-SULFO-TAG antibody clones F136-1B4-8, F136-3F10-6, F136-6F9-3, F136-7D11-
4m, F136-8E1-1, and F137-6B9-1 were selected for calibrator titration in subsequent experiments.
[00335] Experiment 2

[00336] Anti-SULFO-TAG antibody clones F136-1B4-8, F136-3F10-6, F136-6F9-3, F136-
7D11-4m, F136-8E1-1, and F137-6B9-1 were tested for performance as signal amplification
reagents in a calibrator titration immunoassay with biotinylated capture antibody and SULFO-
TAG-detection antibodies against human ZnT8 and TGM-2 in immunoassays. Experimental
protocol was as outlined in Experiment 1. The antibodies used in the human ZnT8 assay were
biotinylated anti-human ZnT8 capture antibody clone number F67-7C2-8 and anti-human ZnT8
SULFO-TAG-detection antibody clone number F67-1A7-6. The antibodies used in the human
TGM-2 assay were biotinylated anti-human TGM-2 capture antibody clone number F74-6A5-6
and anti-human TGM-2 SULFO-TAG-detection antibody clone number F69-5E8-3t.

[00337] The results of the ECL assay signals, coefficient of variation (CV), Hill slope, R squared
value, lowest limit of detection (LLOD), signal-to-background ratio (S/B) for standard 4 (STD
04), and signal-to-noise ratio (S/N) for STD 04 are shown in FIGS. 7 and 8. S/B and S/N were
determined from the value of STD 04 / STD 08 (blank). FIG. 9 shows the comparative results
from immunoassays performed using the same capture and detection antibodies against ZnT8 and
TGM-2 but without the anti-SULFO-TAG antibody.
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[00338] As demonstrated by the data, the use of anti-SULFO-TAG antibodies provided strong
enhancement of the assay signals and >10-fold reduction of LLOD for both assays compared to

the assays performed without using anti-SULFO-TAG antibody.
[00339] Experiment 3

[00340] Anti-SULFO-TAG antibody clones F136-1B4-8, F136-3F10-6, F136-6F9-3, F136-
7D11-4m, F136-8E1-1, and F137-6B9-1 were tested for performance as signal amplification
reagents in calibrator titration with biotinylated capture antibody and SULFO-TAG-detection
antibodies against mouse IL-23 and mouse IL-17C in immunoassays. Experimental protocol was
as outlined in Experiment 1. The antibodies used in the mouse IL-23 assay were biotinylated anti-
mouse IL-23 capture antibody and SULFO-TAG-anti-mouse IL-23 detection antibody from
commercial sources. The antibodies used in the mouse IL-17C assay were biotinylated anti-mouse
IL-17C capture antibody and SULFO-TAG-anti-mouse IL-17C detection antibody from
commercial sources.

[00341] The results of the ECL assay signals, coefficient of variation (CV), Hill slope, R squared
value, lowest limit of detection (LLOD), signal-to-background ratio (S/B) for standard 2 (STD
02), and signal-to-noise ratio (S/N) for STD 02 are shown in FIGS. 10 and 11. S/B and S/N were
determined from the value of STD 02 / STD 04 (blank). FIG. 12 shows the comparative results
from immunoassays performed using the same capture and detection antibodies against mouse IL-

23 and mouse IL-17C but without the anti-SULFO-TAG antibody.

[00342] As demonstrated by the data, the use of anti-SULFO-TAG antibodies provided strong
enhancement of the assay signals and 40- to 230-fold reduction of LLOD for mouse IL-23 assay
and 4- to 120-fold reduction of LLOD for mouse IL-17C assay compared to the assays performed
without using anti-SULFO-TAG antibody.

[00343] Experiment 4

[00344] Anti-SULFO-TAG antibody clones F136-1B4-8, F136-3F10-6, F136-6F9-3, F136-
7D11-4m, F136-8E1-1, and F137-6B9-1 were tested for performance in calibrator titration with
biotinylated capture antibody and SULFO-T AG-detection antibodies against human IL-10 in
immunoassays. Experimental protocol was as outlined in Experiment 1, except that in step 5),
SULFO-TAG-detection antibody was added at 0.5 pg/mL. The antibodies used in the human IL-
10 assay were biotinylated anti-human IL-10 capture antibody clone number 2108-A82-8 and
SULFO-TAG anti-human IL-10 detection antibody clone number 1299-A06-5.

[00345] The results of the ECL assay signals, coefficient of variation (CV), Hill slope, R squared
value, lowest limit of detection (LLOD), signal-to-background ratio (S/B) for standard 2 (STD
02), and signal-to-noise ratio (S/N) for STD 02 are shown in FIG. 13. S/B and S/N were
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determined from the value of STD 02 / STD 04 (blank). FIG. 14 shows the comparative results
from immunoassays performed using the same capture and detection antibodies against human IL-
10 but without the anti-SULFO-TAG antibody.

[00346] As demonstrated by the data, the use of anti-SULFO-TAG antibodies provided strong
enhancement of the assay signals and 50- to 140-fold reduction of LLOD for human IL-10 assay
compared to the assays performed without using anti-SULFO-TAG antibody.

Example 4. Signal Inhibition and Enhancement by Anti-SULFO-TAG Antibody

[00347] A multiplexed sandwich assay panel was used to assess the signal inhibition and signal
enhancement of the eleven anti-SULFO-TAG antibody (also referred to herein as "a-STAG Ab")
clones shown in FIG. 6, which were identified from the screen of Example 3. The assay panel,
which utilizes a detection antibody mixture containing SULFO-TAG labeled detection antibodies
for each of the analytes in the panel, was performed using the provided calibrator blend for the
assay. The calibrator blend was prepared by diluting reconstituted lyophilized calibrator
approximately 2.43-fold to provide approximately 100 pg/mL of IL-4, one of the analytes in the
panel. A standard sandwich assay protocol was performed, summarized briefly as follows:
[00348] 1) wash the assay panel plate with wash buffer;

[00349] 2) add calibrator to each well of the plate;

[00350] 3) wash the assay panel plate with wash buffer;

[00351] 4) add the detection antibody mixture to form a sandwich complex with the capture
antibody, analyte, and SULFO-TAG-labeled detection antibody ("cAb-Analyte-dAb") in each
well;

[00352] 5) wash the assay panel plate with wash buffer.

[00353] After formation of the sandwich complexes, the plate was divided into three sections:
Standard Signal; Signal Inhibition; and Signal Enhancement. The subsequent components added

to the wells of each section are summarized as follows:

Protocol | Standard Signal Inhibition Signal Enhancement

Step Signal

6 add diluent add anti-SULFO-TAG antibody add anti-SULFO-TAG antibody
with oligonucleotide binding moiety | with oligonucleotide binding moiety
(1 pg/mL) (1 pg/mL)

7 add diluent add diluent add SULFO-TAG-labeled

oligonucleotide complementary to

the binding moiety (50 nM)
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[00354] Thus, the Standard Signal section did not have any anti-SULFO-TAG antibody added to
the sandwich complexes. The Signal Inhibition section had a cAb-Analyte-dAb complex bound to
an anti-SULFO-TAG antibody. The Signal Enhancement section had a cAb-Analyte-dAb complex
bound to an anti-SULFO-TAG antibody, and the SULFO-T AG-labeled oligonucleotide bound to
the nucleic acid probe of the anti-SULFO-TAG antibody. For the Signal Inhibition and Signal
Enhancement sections, each of the eleven anti-SULFO-TAG antibody clones was tested. The

assay was performed with nine replicates.

[00355] The assay panel plate was incubated at room temperature for 1 hour with shaking at 705
rpm for each of steps 6 and 7 and washed with wash buffer after incubation. Incubation of the
Standard Signal and Signal Inhibition conditions with diluent for one or both of steps 6 and 7
ensured that the signal measured in all three sections were equivalent with respect to antibody off
rate in the diluent over all incubation steps. ECL read buffer was added to the plate, and the plate

was read on an imager.

[00356] The results are shown in FIGS. 16A-16C. FIG. 16A shows the percent (%) signal
inhibition and % signal increase for each of the anti-SULFO-TAG antibody clones. FIGS. 16B
and 16C show bar graph plots of the % signal inhibition and % signal increase, respectively.
Percent (%) signal inhibition was calculated as 1 — (Signal Inhibition / Standard Signal). Linear
percent (%) signal increase was calculated as (Signal Enhancement — Signal Inhibition) / [MAX
of (Signal Enhancement — Signal Inhibition) across all eleven anti-SULFO-TAG antibodies]. The
ratio % signal increase can be calculated as (Signal Enhancement / Standard Signal) — 1. The ratio
of signal with or without SULFO-TAG-labeled oligo can be calculated as (Signal Enhancement /
Signal Inhibition).

[00357] As shown in FIGS. 16A-16C, anti-SULFO-TAG antibody clones F136-1B4-8, F136-
3F10-6, and F136-6F9-3 had the highest % signal inhibition and highest % signal increase,
demonstrating specificity to the SULFO-TAG label. Affinity of each of the anti-SULFO-TAG

antibody clones was calculated, as shown in Table 5.

Table 5. % Signal Increase with Anti-SULFO-TAG Antibody Clones

Antibody clone name | % Signal Increase
F136-1B4-8 71%
F136-3A12-2 20%
F136-3F10-6 87%
F136-5E9-2t 27%
F136-6F9-3 100%
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F136-7D11-4m 21%
F136-8E1-1 39%
F137-6B9-1 12%
F144-4G7-3 11%
F144-8B2-2 22%

F145-10A9-1m 10%

Example 5. Anti-SULFO-TAG Antibody Epitope Recognition Study

[00358] An epitope recognition study was performed on the eleven anti-SULFO-TAG antibody
clones described in Example 4. To study the epitope recognition of these antibody clones, four
organometallic Ru>* compounds ("TAG compounds") with varying numbers of sulfomethyl-
bipyridine ("SM") or bipyridine ("Bpy") ligands as shown in FIG. 18A were prepared. The
SULFO-TAG is denoted as Ru"?(SM)2A1, which includes an acid ligand ("A") in one of the Bpy
groups and is more similar in structure with Bpy than SM. ECL generation from each TAG
compound was verified by spiking the TAG compounds into ECL read buffer, and the ECL signal
from each free TAG compound was measured on 96-well bare carbon plates. The results are
shown in FIG. 18B and indicate that all TAG compounds produce roughly equal ECL signals
when normalized to concentration of the TAG compound, demonstrating that modification of the
bipyridine ligand has minimal effect on ECL generation efficiency. The Ru(Bpy)s ECL signal,
when normalized for concentration, would be 248,576 ECL units, similar to the other TAG

compounds.

[00359] To study the anti-SULFO-TAG antibody specificity and affinity for the TAG
compounds, the antibodies were coated on MSD® 96-well Small Spot Streptavidin plates, then
exposed to varying concentrations of the four TAG compounds. ECL signal from the anti-
SULFO-TAG antibodies were measured as described in Example 4, with higher signal indicative
of stronger binding affinity. The results are shown in FIG. 19. The results show that the anti-
SULFO-TAG antibody clones can be grouped according to their affinity for TAG compounds
with different ligands. Four antibodies (clone numbers 1, 3, 5, and 7) had < 1 nM affinity (Kp) for
SULFO-TAG, while the remaining antibodies had Ko > 20 nM, with some possibly in the
micromolar range. For Rut2(SM)s, which has three SM ligands, the same affinity pattern was
observed. For Ru**(Bpy)2(SM), which only has one SM ligand and two Bpy ligands, antibody
clones 1, 3, and 5 retained a relatively high affinity, but antibody clone 7 had significantly reduced
affinity of < 100 nM. Further replacement of the remaining SM ligand with Bpy, Ru"2(Bpy)s,

nearly eliminated recognition by all antibody clones. These results demonstrate that the SM ligand
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is at least partly responsible for strong binding to antibody clones 1, 3, 5, and 7. Uniquely,

antibody clone 7 required two SM ligands for recognition.

[00360] To further verify the role of ligands in antibody recognition, the antibodies were coated
on MSD® 96-well Small Spot Streptavidin plates and first exposed to 2 uM of ligands SM, Bpy,
or A, then exposed to different concentrations of the TAG compounds as a competition assay. The
competition assay results are shown in FIG. 20. The results show that the SM ligand on the TAG
compounds is a key epitope for strong binding in antibody clones 1, 3, 5, and 7. Of these four
antibody clones, clones 1, 3, and 5 required only one SM ligand in the TAG compound for strong
binding, but clone 7 required two SM ligands for strong binding. All antibody clones did not
recognize TAG compounds with three Bpy ligands. The ligand competition studies further
demonstrated that the SM ligand, which had the strongest binding, is the dominant ligand
recognized by the antibodies, while the Bpy and A ligands were unable to significantly

outcompete antibody binding to the Ru™?(SM)3 and SULFO-TAG compounds.

Example 6. Further Epitope Recognition Studies

[00361] A further epitope recognition study is performed to determine whether the sulfonate
functional groups on the SM ligand are required for antibody recognition, and whether addition of
different charged functionality to the methylene groups alters antibody recognition.

Organometallic Ru?" compounds for this study are shown in FIG. 21.
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WHAT IS CLAIMED IS:

1. A method of detecting an analyte of interest in a sample, comprising

a.

or

or

or

contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an electrochemiluminescent (ECL) label, and (B) the analyte of
interest, with:

(I) a signal amplification reagent that specifically binds to the first detectable label and
that comprises a binding moiety, and

(IT) a detectable moiety comprising (1) a binding partner of the binding moiety, and (2)
one or more of a second detectable label; and

measuring (I) the second detectable label or (IT) the first and second detectable labels,

thereby detecting the analyte of interest;

contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an ECL label, and (B) the analyte of interest, with:

(D) a signal amplification reagent that specifically binds to the first detectable label and
that comprises an enzyme, and

(IT) a substrate of the enzyme; and

measuring enzyme activity, thereby detecting the analyte of interest;

contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an ECL label, and (B) the analyte of interest, with a signal
amplification reagent that specifically binds to the first detectable label and that
optionally comprises a second detectable label; and

measuring (I) the first detectable label; (II) the second detectable label; or (III) the first

and second detectable labels, thereby detecting the analyte of interest;

contacting a first complex that comprises (A) a first detectable label, wherein the first
detectable label is an electrochemiluminescent (ECL) label, and (B) the analyte of
interest, with a signal amplification reagent that specifically binds to the first detectable
label, wherein the signal amplification reagent comprises a nucleic acid probe, thereby
forming a second complex comprising the first complex and the signal amplification
reagent;

extending the nucleic acid probe to form an extended sequence; and

measuring the amount of extended sequence, thereby detecting the analyte of interest.

2. The method of claim 1, wherein the first complex is on a surface.
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10.

11.

The method of claim 2, wherein the first complex comprises a capture reagent that
specifically binds to the analyte, wherein the capture reagent is immobilized on the surface
or wherein the capture reagent is capable of being immobilized to the surface; and a
detection reagent that specifically binds to the analyte and that comprises the first
detectable label.

The method of claim 3, wherein the detection reagent is a first detection reagent, and
wherein the first complex further comprises a second detection reagent that specifically
binds to the analyte, wherein the second detection reagent comprises a first detectable
label, wherein the signal amplification reagent is capable of being bound simultaneously to
the first detectable label on the first detection reagent and to the first detectable label on the

second detection reagent.
The method of claim 3 or 4, wherein the capture reagent is immobilized on the surface.

The method of claim 3 or 4, wherein the capture reagent is capable of being immobilized
to the surface, and wherein the method comprises immobilizing the capture reagent to the

surface prior to the contacting of (a), (c), (e), or (g).

The method of any one of claims 1 to 6, wherein the first complex is contacted with (I) a
signal amplification reagent that specifically binds to the first detectable label and that
comprises a binding moiety, and (II) a detectable moiety comprising (1) a binding partner

of the binding moiety, and (2) one or more of a second detectable label.

The method of claim 7, wherein the measuring of (b) comprises measuring the second
detectable label; or wherein the measuring of (b) comprises measuring the first and second

detectable labels.

The method of claim 7 or 8, wherein the first complex is first contacted with the signal
amplification reagent, then contacted with the detectable moiety; or
wherein the first complex is contacted with the signal amplification reagent and the

detectable moiety simultaneously or substantially simultaneously.

The method of any one of claims 7 to 9, wherein the contacting of (a) comprises: (I)
forming a signal amplification complex comprising the signal amplification reagent and
the detectable moiety; and (II) contacting the first complex with the signal amplification

complex.

The method of claim 10, wherein the detectable moiety comprises multiple binding sites
for the binding moiety and/or the binding moiety comprises multiple binding sites for the

detectable moiety, wherein the signal amplification complex comprises a plurality of signal
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12.

13.

14.

15.

16.

17.

18.

19.

amplification reagents, and wherein each signal amplification reagent is bound to one or

more detectable moieties.

The method of any one of claims 7 to 11, wherein the binding moiety and the detectable
moiety comprise complementary oligonucleotides, a receptor-ligand pair, an antigen-
antibody pair, a hapten-antibody pair, an epitope-antibody pair, a mimotope-antibody pair,

an aptamer-target molecule pair, or an intercalator-target molecule pair.

The method of claim 12, wherein the binding moiety comprises an oligonucleotide, and the
detectable moiety comprises a complementary oligonucleotide and one or more of a
second detectable label; or

wherein the binding moiety comprises biotin, and the detectable moiety comprises avidin
or streptavidin and one or more of a second detectable label; or

wherein the binding moiety comprises avidin or streptavidin, and the detectable moiety

comprises biotin and one or more of a second detectable label.

The method of any one of claims 1 to 6, wherein the first complex is contacted with (I) a
signal amplification reagent that specifically binds to the first detectable label and that

comprises an enzyme, and (II) a substrate of the enzyme.

The method of any one of claims 1 to 6, wherein the first complex is contacted with a
signal amplification reagent that specifically binds to the first detectable label, and the

measuring of (f) comprises measuring the first detectable label.

The method of any one of claims 1 to 6, wherein the first complex is contacted with a
signal amplification reagent that specifically binds to the first detectable label, and the
measuring of (f) comprises measuring the first detectable label, the second detectable label,

or both.

The method of any one of claims 1 to 6, wherein the first complex is contacted with a
signal amplification reagent that specifically binds to the first detectable label and that
comprises a nucleic acid probe, thereby forming a second complex comprising the first

complex and the signal amplification reagent.

The method of claim 17, wherein the extending of (h) comprises polymerase chain
reaction (PCR), ligase chain reaction (LCR), strand displacement amplification (SDA),

self-sustained synthetic reaction (3SR), isothermal amplification, or combination thereof.

The method of claim 17 or 18, wherein the extending of (h) comprises binding the nucleic

acid probe to a template oligonucleotide and extending the nucleic acid probe by PCR; or
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20.

21.

22.

23.

24,

25.

wherein the extending comprises binding the nucleic acid probe to a template
oligonucleotide, forming a circular template, and extending the nucleic acid probe by

rolling circle amplification (RCA).

The method of any one of claims 1 to 6, wherein the first complex comprises at least two
first detectable labels;

wherein the signal amplification reagent is a first signal amplification reagent, and the
contacting of (g) further comprises contacting the first complex with a second signal
amplification reagent that comprises a nucleic acid probe, wherein the first and second
signal amplification reagents each binds to a distinct first detectable label, and the second
complex comprises the first complex and the first and second signal amplification
reagents; and

wherein the extending of (h) comprises extending one or both of the nucleic acid probes of

the first and second signal amplification reagent to form the extended sequence.

The method of claim 20, wherein the extending of (h) comprises binding one or both of the
nucleic acid probes of the first and second signal amplification reagents to a template
oligonucleotide, forming a circular template, and extending one or both nucleic acid probes

by RCA.

The method of claim 20 or 21, wherein the extending of (h) comprises: binding each
nucleic acid probe to a distinct template oligonucleotide; forming a circular template from

each template oligonucleotide; and extending each nucleic acid probe by RCA.

The method of claim 20 or 21, wherein the extending of (h) comprises:

contacting both nucleic acid probes with two template oligonucleotides, wherein
each template oligonucleotide binds to a portion of each nucleic acid probe;

ligating the two template oligonucleotides to form a circular template; and

extending one or both of the nucleic acid probe by RCA.

The method of any one of claims 20 to 23, wherein the nucleic acid probes of the first

and second signal amplification reagents comprise or consist of a same sequence.

The method of any one of claims 17 to 24, wherein the first complex is on a surface, and
wherein the method further comprises immobilizing an anchoring reagent on the surface,
wherein the anchoring reagent binds to an anchoring region of the extended sequence, and
wherein the measuring of (i) comprises measuring the amount of extended sequence bound

to the surface via the anchoring reagent.
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26.

27.

28.

29.

30.

31.

34.

35.

36.

37.

The method of any one of claims 17 to 24, wherein the first complex is on a surface, and
wherein the surface comprises an immobilized anchoring reagent, wherein the anchoring
reagent binds to an anchoring region of the extended sequence, and wherein the measuring
of (i) comprises measuring the amount of extended sequence bound to the surface via the

anchoring reagent.

The method of claim 26, wherein the anchoring reagent is immobilized to the surface prior

to or during the extending of (h).

The method of any one of claims 17 to 27, wherein the first complex is on a surface, and

wherein the second complex is bound to the surface following the extending.

The method of any one of claims 25 to 28, wherein the anchoring reagent and the

anchoring region comprise complementary oligonucleotides.

The method of any one of claims 25 to 29, wherein the extended sequence binds to the

anchoring reagent at a position less than 100 um from the second complex on the surface.

The method of any one of claims 17 to 30, wherein the measuring of (i) comprises binding
the extended sequence to a labeled probe comprising a second detectable label and
measuring the amount of (I) the second detectable label or (II) the first and second

detectable labels on the surface.

The method of claim 31, comprising measuring the amount of the second detectable label
on the surface; or measuring the amount of the first and second detectable labels on the

surface.

The method of claim 31 or 32, wherein the extended sequence and the labeled probe

comprise complementary oligonucleotides.

The method of any one of claims 3 to 33, wherein the first detectable label is linked to the

detection reagent via a conjugation linker.

The method of any one of claims 4 to 34, wherein the first detectable label is linked to the

second detection reagent via a conjugation linker.

The method of any one of claims 2 to 35, wherein the surface comprises a particle, or

wherein the surface comprises a well of a multi-well plate.

The method of any one of claims 25 to 36, wherein the first complex comprises a capture
reagent, and wherein the surface comprises a plurality of distinct binding domains, and the

capture reagent and the anchoring reagent are located on two distinct binding domains on
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40.

41.

42.

43.

the surface; or wherein the capture reagent and the anchoring reagent are located on a same

binding domain on the surface.

The method of any one of claims 25 to 37, wherein the first complex comprises a capture
reagent, and wherein the capture reagent is less than 1 um from the anchoring reagent on

the surface.

The method of any one of claims 2 to 38, wherein the surface comprises an electrode, and
the measuring further comprises applying a voltage form to the electrode to generate an

electrochemiluminescence signal.

The method of claim 39, wherein the surface comprises a particle, and the method further
comprises collecting the particle on an electrode, and the measuring further comprises

applying a voltage waveform to the electrode to generate an electrochemiluminescence
signal.

The method of any one of claims 1 to 40, wherein the method further comprises, prior to

the contacting of (a), (¢), (e), or (g), detecting the first complex.

The method of claim 41, wherein the detecting the first complex comprises measuring the

amount of the first detectable label.

A method of detecting an analyte of interest in a sample, comprising

a. forming a first complex on a surface comprising the analyte of interest, a capture
reagent that specifically binds to the analyte, wherein the capture reagent is
immobilized on the surface or wherein the capture reagent is capable of being
immobilized to the surface; and a detection reagent that specifically binds to the
analyte and that comprises a first nucleic acid probe;

b. extending the first nucleic acid probe to form a first extended sequence comprising a
first anchoring region, wherein the first anchoring region binds a first anchoring
reagent that is immobilized on the surface;

c. binding the first extended sequence to a first labeled probe comprising a first detectable
label, wherein the first detectable label is an electrochemiluminescent (ECL) label; and

d. contacting the first labeled probe bound to the first extended sequence with:

(D) a signal amplification reagent that specifically binds to the first detectable label and
that comprises a binding moiety, and
(IT) a detectable moiety comprising (1) a binding partner of the binding moiety and (2)

one or more of a second detectable label; and
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44,

45.

46.

e. measuring (I) the second detectable label or (IT) the first and second detectable labels,
thereby detecting the analyte of interest;

or

f. contacting the first labeled probe bound to the first extended sequence with:
(I) a signal amplification reagent that specifically binds to the first detectable label and
that comprises an enzyme, and
(IT) a substrate of the enzyme; and

g. measuring enzyme activity, thereby detecting the analyte of interest;

or

h. contacting the first labeled probe bound to the first extended sequence with a signal
amplification reagent that specifically binds to the first detectable label and that
optionally comprises a second detectable label; and

1. measuring (I) the first detectable label; (IT) the second detectable label; or (III) the first
and second detectable labels, thereby detecting the analyte of interest;

or

j. contacting the first labeled probe bound to the first extended sequence with a signal
amplification reagent that specifically binds to the first detectable label, wherein the
signal amplification reagent comprises a second nucleic acid probe, thereby forming a
second complex comprising the signal amplification reagent and the first labeled
probe;

k. extending the second nucleic acid probe to form a second extended sequence

comprising a second anchoring region, wherein the second anchoring region binds a
second anchoring reagent that is immobilized on the surface; and;

measuring the amount of (I) the second extended sequence or (II) the first extended
sequence and the second extended sequence bound to the surface, thereby detecting the

analyte of interest.

The method of claim 43, wherein the capture reagent is immobilized on the surface.

The method of claim 43, wherein the capture reagent is capable of being immobilized to
the surface, and wherein the method comprises immobilizing the capture reagent to the

surface prior to or during step (a).

The method of claim 43 to 45, wherein the extending of (b) comprises polymerase chain
reaction (PCR), ligase chain reaction (LCR), strand displacement amplification (SDA),

self-sustained synthetic reaction (3SR), isothermal amplification, or combination thereof.
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47.

48.

49.

50.

5L

52.

53.

54.

55.

The method of any one of claims 43 to 46, wherein the extending of (b) comprises binding
the first nucleic acid probe to a template oligonucleotide and extending the first nucleic
acid probe by PCR; or

wherein the extending of (b) comprises binding the first nucleic acid probe to a template
oligonucleotide, forming a circular template, and extending the first nucleic acid probe by

rolling circle amplification (RCA).

The method of any one of claims 43 to 47, wherein the first complex is bound to the

surface following the extending of (b).

The method of any one of claims 43 to 48, further comprising immobilizing the first

anchoring reagent to the surface prior to or during step (b).

The method of any one of claims 43 to 49, wherein the first anchoring reagent and the first

anchoring region comprise complementary oligonucleotides.

The method of any one of claims 43 to 50, wherein the first extended sequence and the

first labeled probe comprise complementary oligonucleotides.

The method of any one of claims 43 to 51, wherein the first labeled probe bound to the first
extended sequence is contacted with: (I) a signal amplification reagent that specifically
binds to the first detectable label and that comprises a binding moiety, and (II) a detectable
moiety comprising (1) a binding partner of the binding moiety, and (2) one or more of a

second detectable label.

The method of claim 52, wherein the first labeled probe bound to the first extended
sequence is first contacted with the signal amplification reagent, then contacted with the
detectable moiety; or

wherein the first labeled probe bound to the first extended sequence is contacted with the
signal amplification reagent and the detectable moiety simultaneously or substantially

simultaneously.

The method of any one of claims 52 or 53, wherein the contacting of (d) comprises: (I)
forming a signal amplification complex comprising the signal amplification reagent and
the detectable moiety; and (II) contacting the first labeled probe bound to the first extended

sequence with the signal amplification complex.

The method of claim 54, wherein the detectable moiety comprises multiple binding sites
for the binding moiety and/or the binding moiety comprises multiple binding sites for the

detectable moiety, wherein the signal amplification complex comprises a plurality of signal
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56.

57.

58.

59.

60.

61.

62.

amplification reagents, and wherein each signal amplification reagent is bound to one or

more detectable moieties.

The method of any one of claims 52 to 55, wherein the binding moiety and the detectable
moiety comprise complementary oligonucleotides, a receptor-ligand pair, an antigen-
antibody pair, a hapten-antibody pair, an epitope-antibody pair, a mimotope-antibody pair,

an aptamer-target molecule pair, or an intercalator-target molecule pair.

The method of claim 56, wherein the binding moiety comprises an oligonucleotide, and the
detectable moiety comprises a complementary oligonucleotide and one or more of a
second detectable label; or

wherein the binding moiety comprises biotin, and the detectable moiety comprises avidin
or streptavidin and one or more of a second detectable label; or

wherein the binding moiety comprises avidin or streptavidin, and the detectable moiety

comprises biotin and one or more of a second detectable label.

The method of any one of claims 43 to 51, wherein the first labeled probe bound to the first
extended sequence is contacted with (I) a signal amplification reagent that specifically
binds to the first detectable label and that comprises an enzyme, and (II) a substrate of the

enzyme.

The method of any one of claims 43 to 51, wherein the first labeled probe bound to the first
extended sequence is contacted with a signal amplification reagent that specifically binds
to the first detectable label, and the measuring of (i) comprises measuring the first

detectable label.

The method of any one of claims 43 to 51, wherein the first labeled probe bound to the first
extended sequence is contacted with a signal amplification reagent that specifically binds
to the first detectable label, and the measuring of (i) comprises measuring the first

detectable label, the second detectable label, or both.

The method of any one of claims 43 to 51, wherein the first labeled probe bound to the first
extended sequence is contacted with a signal amplification reagent that specifically binds
to the first detectable label and that comprises a second nucleic acid probe, thereby

forming a second complex comprising the signal amplification reagent and the first labeled

probe.

The method of claim 61, wherein the extending of (k) comprises polymerase chain
reaction (PCR), ligase chain reaction (LCR), strand displacement amplification (SDA),

self-sustained synthetic reaction (3SR), isothermal amplification, or combination thereof.
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63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

The method of claim 61 or 62, wherein the extending of (k) comprises binding the
secondary nucleic acid probe to a template oligonucleotide and extending the secondary
nucleic acid probe by PCR; or

wherein the extending of (k) comprises binding the secondary nucleic acid probe to a
template oligonucleotide, forming a circular template, and extending the secondary nucleic

acid probe by rolling circle amplification (RCA).

The method of any one of claims 61 to 63, further comprising immobilizing the second

anchoring reagent to the surface prior to or during the extending of (k).

The method of any one of claims 61 to 64, wherein the second complex is bound to the

surface following the extending of (k).

The method of any one of claims 61 to 65, wherein the second anchoring reagent and the

second anchoring region comprise complementary oligonucleotides.

The method of any one of claims 61 to 66, wherein the first anchoring region and the
second anchoring region comprise a same oligonucleotide sequence, or wherein the first
anchoring region and the second anchoring region comprise different oligonucleotide

sequences.

The method of any one of claims 61 to 67, wherein the measuring of (1) comprises binding
the second extended sequence to a second labeled probe comprising a second detectable
label and measuring the amount of (I) the second detectable label or (IT) the first and

second detectable labels on the surface.

The method of claim 68, wherein the second extended sequence and the second labeled

probe comprise complementary oligonucleotides.

The method of claim 69, wherein the first labeled probe and the second labeled probe
comprise a same oligonucleotide sequence, or wherein the first labeled probe and the

second labeled probe comprise different oligonucleotide sequences.

The method of any one of claims 43 to 70, wherein the first detectable label is linked to the

first labeled probe via a conjugation linker.

The method of any one of claims 43 to 71, wherein the surface comprises a particle; or

wherein the surface comprises a well of a multi-well plate.

The method of any one of claims 43 to 72, wherein the surface comprises a plurality of

distinct binding domains, and the capture reagent and the first anchoring reagent are
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74.

75.

76.

71.

78.

79.

0.

1.

82.

83.

&4.

located on two distinct binding domains on the surface; or wherein the capture reagent and

the first anchoring reagent are located the same binding domain on the surface.

The method of any one of claims 43 to 73, wherein the capture reagent is less than 1 ym

from the first anchoring reagent on the surface.

The method of any one of claims 43 to 74, wherein the surface comprises an electrode, and
the measuring further comprises applying a voltage form to the electrode to generate an

electrochemiluminescence signal.

The method of claim 75, wherein the surface comprises a particle, and the method further
comprises collecting the particle on an electrode, and the measuring further comprises
applying a voltage waveform to the electrode to generate an electrochemiluminescence

signal.

The method of any one of claims 43 to 76, wherein the method further comprises, prior to

the contacting of (d), (f), (h), or (j), detecting the first complex on the surface.

The method of claim 77, wherein the detecting comprises measuring the amount of the

first detectable label on the surface.

The method of any one of claims 34 to 42 or any one of claims 71 to 78, wherein the signal
amplification reagent specifically binds to the first detectable label and the conjugation

linker.

The method of claim 79, wherein the conjugation linker comprises an amide, a thioester, a
thioether, a disulfide, an imine, a triazole, a peptide, an oligonucleotide, a hydrophilic

polymer, or a combination thereof.

The method of any one of claims 3 to 80, wherein the capture reagent, the detection
reagent, and the signal amplification reagent each comprises an antibody or antigen-
binding fragment thereof, antigen, ligand, receptor, oligonucleotide, hapten, epitope,

mimotope, or aptamer.

The method of claim 81, wherein the capture reagent, the detection reagent, and the signal

amplification reagent each comprises an antibody or antigen-binding fragment thereof.

The method of any one of claims 1 to 82, wherein the signal amplification reagent is an
antibody or antigen-binding fragment thereof comprising an antigen binding domain

specific to an electrochemiluminescent (ECL) label.

The method of any one of claims 1 to 83, wherein the first detectable label, the second

detectable label, or both, are measured using light scattering, optical absorbance,
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85.

6.

87.

88.

89.

90.
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fluorescence, chemiluminescence, electrochemiluminescence, bioluminescence,

phosphorescence, radioactivity, magnetic field, or combinations thereof.

The method of any one of claims 1 to 84, wherein the first and second detectable labels

each comprises an electrochemiluminescence (ECL) label.

The method of claim 85, wherein the ECL label comprises an organometallic complex
comprising at least one substituted bipyridine ligand, wherein the substituted bipyridine
ligand comprises at least one sulfonate group, optionally wherein the organometallic
complex comprises at least two substituted bipyridine ligands, wherein each substituted

bipyridine ligand comprises at least one sulfonate group.

The method of claim 86, wherein the substituted bipyridine ligand is a compound of

FormulaI:

NTY S0:H
).
The method of any one of claims 85 to 87, wherein the ECL label comprises three ligands,
wherein a first ligand is a compound of Formula I, and wherein a second ligand comprises

a bipyridine having at least one substituent that forms a covalent linkage.

The method of any one of claims 85 to 88, wherein the ECL label comprises three ligands,
wherein two of the ligands are each a compound of Formula I, and wherein the third ligand

comprises a bipyridine having at least one substituent that forms a covalent linkage.

The method of any one of claims 86 to 89, wherein the orzanomatatlic complex comprises

ruthenium, osmiom, or thentum,

The method of any one of claims 85 to 90, wherein the ECL label is a compound of
Formula II:

HO3S (H).
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92. The method of any one of claims 1 to 91, wherein the first and second detectable labels

comprise a same label.

93. The method of any one of claims 1 to 90, wherein the first and second detectable labels

comprise different labels.

94. The method of claim 93, wherein the first detectable label comprises a compound of

Formula II, and the second detectable label comprises a compound of any one of Formulas

I, IV, V,or VI:

avy;

X (V), wherein X is a phosphate, a carbonate, a

borate, or combination thereof;,
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(VD).
The method of claim 93, wherein the first detectable label comprises a compound of

Formula ITI, and the second detectable label comprises a compound of any one of

Formulas I, IV, V, or VL

The method of claim 93, wherein the first detectable label comprises a compound of
Formula IV, and the second detectable label comprises a compound of any one of

Formulas II, ITT, V, or VL.

The method of claim 93, wherein the first detectable label comprises a compound of
Formula V, and the second detectable label comprises a compound of any one of Formulas

IL I, IV, or VL.

The method of claim 93, wherein the first detectable label comprises a compound of
Formula VI, and the second detectable label comprises a compound of any one of
Formulas I, IIL, IV, or V.

A kit for detecting an analyte of interest in a sample comprising, in one or more vials,

containers, or compartments:

a. a capture reagent that specifically binds to the analyte;

b. adetection reagent that specifically binds to the analyte, wherein the first detection
reagent comprises a first detectable label, wherein the first detectable label is an
electrochemiluminescent (ECL) label; and

c. asignal amplification reagent that specifically binds to the first detectable label.

The kit of claim 99, wherein the detection reagent is a first detection reagent, and wherein
the kit further comprises a second detection reagent that specifically binds to the analyte,

wherein the second detection reagent comprises a first detectable label.

A kit for detecting an analyte of interest in a sample comprising, in one or more vials,
containers, or compartments:

a. a capture reagent that specifically binds to the analyte;
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102.
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104.

105.

106.

107.

108.

109.

110.

111

112.

b. adetection reagent that specifically binds to the analyte, wherein the detection reagent
comprises a first nucleic acid probe;

c. afirst labeled probe comprising a first detectable label, wherein the first detectable
label is an electrochemiluminescent (ECL) label; and

d. asignal amplification reagent that specifically binds to the first detectable label.

The kit of any one of claims 99 to 101, wherein the capture reagent, the first detection
reagent, and the signal amplification reagent each comprises an antibody or antigen-
binding fragment thereof, antigen, ligand, receptor, oligonucleotide, hapten, epitope,

mimotope, or an aptamer.

The kit of claim 102, wherein the capture reagent, the detection reagent, and the signal

amplification reagent each comprises an antibody or antigen-binding fragment thereof.

The kit of any one of claims 99 to 103, wherein the signal amplification reagent is an
antibody or antigen-binding fragment thereof comprising an antigen binding domain

specific to an electrochemiluminescent (ECL) label.

The kit of any one of claims 99 to 104, wherein the signal amplification reagent comprises
a binding moiety.

The kit of any one of claims 99 to 104, further comprising a reagent for conjugating a
binding moiety to the signal amplification reagent.

The kit of claim 105 or 106, wherein the binding moiety comprises an oligonucleotide; or

wherein the binding moiety comprises biotin.

The kit of any one of claims 105 to 107, further comprising a detectable moiety comprising
(1) a binding partner of the binding moiety and (ii) one or more of a second detectable

label.

The kit of claim 108, wherein the binding moiety comprises an oligonucleotide, and the
detectable moiety comprises a complementary oligonucleotide and one or more of a
second detectable label; or wherein the binding moiety comprises biotin, and the detectable

moiety comprises streptavidin and one or more of a second detectable label.

The kit of any one of claims 99 to 104, wherein the signal amplification reagent comprises

an enzyme.
The kit of claim 110, further comprising a substrate of the enzyme.

The kit of any one of claims 99 to 104, wherein the signal amplification reagent comprises

a second detectable label.
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113.  The kit of claim 99 or 100, or any one of claims 102 to 104, wherein the signal

amplification reagent comprises a nucleic acid probe.

114.  The kit of claim 99 or 100, or any one of claims 102 to 104, further comprising a reagent

for conjugating a nucleic acid probe to the signal amplification reagent.

115.  The kit of any one of claims 101 to 104, wherein the signal amplification reagent

comprises a second nucleic acid probe.

116.  The kit of any one of claims 101 to 104, further comprising a reagent for conjugating a

secondary nucleic acid probe to the signal amplification reagent.
117.  The kit of any one of claims 113 to 116, further comprising a template oligonucleotide.
118.  The kit of any one of claims 113 to 117, further comprising an anchoring reagent.
119.  The kit of any one of claims 99 to 118, further comprising a surface.

120.  The kit of claim 119, wherein the surface comprises a particle, or wherein the surface

comprises a well of a multi-well plate.
121.  The kit of claim 119 or 120, wherein the capture reagent is immobilized on the surface.

122.  The kit of claim 119 or 120, further comprising a reagent for immobilizing the capture

reagent to the surface.

123.  The kit of any one of claims 119 to 122, wherein the kit comprises an anchoring reagent,

wherein the anchoring reagent is immobilized on the surface.

124.  The kit of any one of claims 119 to 122, wherein the kit comprises an anchoring reagent

and a reagent for immobilizing the anchoring reagent to the surface.

125.  The kit of claim 123 or 124, wherein the surface comprises a plurality of distinct binding
domains, and the capture reagent and the anchoring reagent are located on two distinct
binding domains on the surface, or wherein the capture reagent and the anchoring reagent

are located on a same binding domain on the surface.

126.  The kit of any one of claims 123 to 125, wherein the capture reagent is less than 1 pm from

the anchoring reagent on the surface.
127.  The kit of any one of claims 119 to 126, wherein the surface comprises an electrode.

128.  The kit of any one of claims 99 to 127, further comprising a polymerase, a ligase, a buffer,
a blocking agent, a co-reactant, a diluent, a stabilizing agent, a calibration agent, an assay

consumable, an electrode, or a combination thereof.
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132.

133.

134.

135.

136.

137.

138.

139.

140.

An antibody or antigen-binding fragment thereof comprising an antigen binding domain

specific to an electrochemiluminescent (ECL) label.

An antibody or antigen-binding fragment thereof comprising an antigen binding domain

specific to: the ECL label and a conjugation linker.

The antibody or antigen-binding fragment thereof of claim 129 or 130, wherein the ECL

label comprises a compound of Formula II.

The antibody or antigen-binding fragment of claim 130 or 131, wherein the conjugation
linker comprises an amide, a thioester, a thioether, a disulfide, an imine, a triazole, a

peptide, an oligonucleotide, or a hydrophilic polymer.

The antibody or antigen-binding fragment of any one of claims 129 to 132, further

comprising a nucleic acid probe.

A composition comprising
a. the antibody or antigen-binding fragment of claim 133; and

b. atemplate oligonucleotide that is capable of binding to the nucleic acid probe.

The antibody or antigen-binding fragment of any one of claims 129 to 132, further

comprising an enzyme.

A composition comprising
a. the antibody or antigen-binding fragment of claim 135; and

b. asubstrate of the enzyme.

The antibody or antigen-binding fragment of any one of claims 129 to 132, further

comprising a detectable label.

The antibody or antigen-binding fragment of any one of claims 129 to 132, further

comprising a binding moiety.

A composition comprising
a. the antibody or antigen-binding fragment of claim 138; and
b. adetectable moiety comprising (I) a binding partner of the binding moiety and (II) one

or more detectable labels.

The composition of claim 139, wherein the binding moiety comprises an oligonucleotide,
and the detectable moiety comprises a complementary oligonucleotide and one or more of
a detectable label; or wherein the binding moiety comprises biotin, and the detectable

moiety comprises streptavidin and one or more of a detectable label.
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142.
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144.

145.

146.

147.

148.

149.

The composition of any one of claims 137 to 140, wherein the detectable label is capable
of being measured by light scattering, optical absorbance, fluorescence,
chemiluminescence, electrochemiluminescence, bioluminescence, phosphorescence,

radioactivity, magnetic field, or combinations thereof.

The composition of claim 141, wherein the detectable label is an electrochemiluminescent

label.
A kit comprising the antibody or antigen-binding fragment of claim 133.
A kit comprising the antibody or antigen-binding fragment of claim 135, 137, or 138.

The kit of claim 143 or 144, further comprising an anchoring reagent, a template
oligonucleotide, a labeled probe, a polymerase, a ligase, a buffer, a blocking agent, a co-
reactant, a diluent, a stabilizing agent, a calibration agent, an assay consumable, or a

combination thereof.

The kit of any one of claims 143 to 145, further comprising one or both of a capture

reagent and a detection reagent, wherein the detection reagent comprises the ECL label.

The kit of claim 146, wherein the detection reagent is a first detection reagent, and wherein
the kit further comprises a second detection reagent, wherein the second detection reagent

comprises the ECL label.
The kit of any one of claims 143 to 147, further comprising a surface.

An assay system comprising:
at least one memory unit;
at least one processing unit programmed according to instructions on the at least one
memory unit; and
at least one assay system component configured to be controlled by the at least one
processing unit, wherein the at least one processing unit is configured to:

control the at least one assay system component to perform one or both of’ a first
measurement of a higher abundance analyte in a sample; and a second measurement of a
lower abundance analyte in the sample,

wherein the higher abundance analyte is present in the sample at approximately 10
to 100000 higher-fold than the lower abundance analyte,

wherein the higher abundance analyte is detected using a detection reagent

comprising an ECL label,
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150.

151.

152.

153.

154.

155.

and wherein the lower abundance analyte is detected using (i) a detection reagent
comprising an ECL label and (ii) a signal amplification reagent that specifically binds to
the ECL label.

The assay system of claim 149, wherein the first and/or the second measurement is
performed on a surface comprising (i) one or more binding domains comprising the higher
abundance analyte and (ii) one or more binding domains comprising the lower abundance

analyte.

The assay system of claim 150, wherein the assay system is configured to selectively
perform the first measurement for the one or more binding domains comprising the higher
abundance analyte, and selectively perform the second measurement for the one or more

binding domains comprising the lower abundance analyte.

The assay system of claim 151, wherein the assay system is configured to selectively
perform a second measurement for the binding domains based on a determination of a

value from the first measurement being lower than a predefined threshold.

The assay system of any one of claims 149 to 152, wherein the assay system is configured

to perform the first measurement and the second measurement sequentially.

The assay system of any one of claims 149 to 153, the assay system is configured to
perform the first measurement and the second measurement simultaneously or

substantially simultaneously.

One or more non-transitory computer-readable media having instructions stored thereon
that, when executed by at least one processing unit, cause the at least one processing unit
to:

perform, via control of an assay system, one or both of: a first measurement of a
higher abundance analyte in a sample; and a second measurement of a lower abundance
analyte in the sample,

wherein the higher abundance analyte is present in the sample at approximately 10
to 100000 higher-fold than the lower abundance analyte,

wherein the higher abundance analyte is detected using a detection reagent
comprising an ECL label,

and wherein the lower abundance analyte is detected using (i) a detection reagent
comprising an ECL label and (ii) a signal amplification reagent that specifically binds to

the ECL label.

120



WO 2023/278293 PCT/US2022/035068

156.

157.

158.

159.

160.

161.

The one or more non-transitory computer-readable media of claim 155, wherein the first
and/or the second measurement is performed on a surface comprising (i) one or more
binding domains comprising the higher abundance analyte and (ii) one or more binding

domains comprising the lower abundance analyte.

The one or more non-transitory computer-readable media of claim 156, wherein the assay
system is configured to selectively perform the first measurement for the one or more
binding domains comprising the higher abundance analyte, and selectively perform the
second measurement for the one or more binding domains comprising the lower

abundance analyte.

The one or more non-transitory computer-readable media of claim 156, wherein the assay
system is configured to selectively perform a second measurement for the binding domains
based on a determination of a value from the first measurement being lower than a

predefined threshold.

The one or more non-transitory computer-readable media of any one of claims 155 to 158,
wherein the assay system is configured to perform the first measurement and the second

measurement sequentially.

The one or more non-transitory computer-readable media of any one of claims 155 to 158,
the assay system is configured to perform the first measurement and the second

measurement simultaneously or substantially simultaneously.

An assay system comprising;
at least one memory unit;
at least one processing unit programmed according to instructions on the at least one
memory unit; and
at least one assay system component configured to be controlled by the at least one
processing unit, wherein the at least one processing unit is configured to:

control the at least one assay system component to perform a measurement of an
analyte in a sample,

wherein the analyte is capable of being detected in the sample when present at a
concentration from about 0.0001 to about 100000 pg/mL using a single detection reagent
comprising an ECL label.
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