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METHOD FOR RE-USING HAPTEN-COATED PROBE IN AN
IMMUNOASSAY

FIELD OF THE INVENTION
The present invention related to an immunoassay method, which re-uses a hapten-
immobilized test probe for quantitating an analyte in different samples, from about 3 to 10
times. The method uses a dual antibody conjugate solution in each cycle and regenerates the
hapten-coated test probe by dipping the test probe in an acidic solution having pH about 1-4

2

after the completion of each cycle of reaction.

BACKGROUND OF THE INVENTION

Cost containment is a major goal for healthcare providers worldwide. In vitro
diagnostics (IVD) is no exception, where the clinical utility of biomarkers in the diagnosis and
prognosis has become standard in-patient management. Immunoassay technology is large
portion of the IVD industry and is steadily growing, about 3%/year in the U.S. and 15-20%/year
in developing countries. In some cases, such as serial measurements for cardiac markers in
diagnosing myocardial infarction, cost can limit the appropriate amount of testing.

Typical approaches to reducing the cost of immunoassays entail minimizing
manufacturing expenses for materials, labor, and facilities overhead.

Any method to recycle immune reagents typically centers upon disassociating the
immune complex with a denaturing agent such as an acidic/basic pH solution, organic solvents,
chaotropic agents, etc. The denaturation step changes the antibody charge, hydration, hydrogen
bonding and tertiary structure where it no longer binds to antigen. Exposing the antibody back
to the initial binding conditions close to physiologic pH and ionic strength, is expected to restore
original binding activity, however, few antibodies can tolerate repeated exposures to
denaturation conditions without adversely impacting some aspect of their binding properties and
consequently, assay performance.

There is a need for reducing the cost of immunoassays, while maintaining the clinical

performance at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGs. 1A and 1B depict a procalcitonin (PCT) assay configuration with a fluorescein
(F) coated probe, a conjugate of anti F/anti-PCT as capture antibody (AB), Cy5-anti PCT as
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signal AB, and pH 2 elution. The initial step in the recycle protocol is the “pre-read” which
measures the intrinsic fluorescence of the glass probe and any residual fluorescence retained
on the probe tip from the previous cycle. This signal is subtracted from the final Read step at
the end of the assay to derive the immuno-specific fluorescence signal. The pH 2 elution step
strips the immune complex from the probe surface including the capture AB. Every cycle has
a fresh coating of capture AB, which is critical in maintaining assay performance throughout
multiple cycles. The 1 mm diameter probe has such small surface area that any binding by
the capture AB or signal AB consumes only a negligible amount of those reagents,
consequently allowing their re-use in multiple cycles. The fluorescein coated probe can
tolerate the multiple cycles through the pH 2 elution and back to neutral pH, enabling its re-
use.

FIG. 2 shows data of PCT assays following protocol A, v1 with the fluorescein probe
format described in FIG. 1B.

FIG. 3 shows the data of PCT standards in the fluorescein coated probe format (FIG.
1B) with protocol A, v1.

FIG. 4 shows that the results with PCT clinical serum samples having correlation (R*
= 0.95) of the recycle assay with a commercial IVD instrument (Biomerieux Vidas).

FIG. 5 presents results applying the recycle assay (Protocol A, v2) to another
immunoassay, cardiac troponin I (Tnl). The format is as FIG. 1B, except capture AB was anti
F linked to anti-TnlI and signal AB was Cy5 —anti-Tnl

FIG. 6 illustrates an alternative recycle assay. The format is identical to FIG. 1B,
except the signal AB is labeled with a different fluorescent dye, Alexa Fluor 647.

FIG. 7 contains data of different PCT samples up 10 cycles using the Alexa Fluor 647
labeled signal AB (Protocol A, v3).

FIG. 8 shows the recycle assay using a different hapten/anti hapten format. The
format is similar to FIG. 1B, except that the probe is coated with digoxiginnen and the
capture AB is an anti digoxiginnen-anti-PCT conjugate.

FIG. 9 presents PCT levels up to 10 cycles using the digoxiginnen format (Protocol A,
v4). Results are very similar to the fluorescein probe format in FIG. 3.

FIG. 10 shows a recycle format with an additional amplification reagent. In this
example, the signal antibody is labeled with biotin and there is a Cy5-anti-Biotin-FICOLL®
reagent. FICOLL® (copolymers of sucrose and epichlorohydrin) is several million Daltons in

molecular weight and serves to carry multiple dye labeled anti biotin antibodies. The
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amplification reagent would bind to biotin containing immune complexes on the surface of
the probe and would yield greater signal than the direct dye labeling of the signal AB.

FIG. 11 shows PCT assays performed with the recycle format in FIG. 10 with Protocol
B, v1 using pH 2 elution.

FIG. 12 illustrates an alternative amplification reagent. The recycle format is similar
to FIG. 10, except the amplification reagent is Cy5-streptavidin-FICOLL®. Streptavidin is
smaller in molecular size than an antibody, therefore more streptavidin molecules can be
linked to the FICOLL® polymer to generate more fluorescence signal compared to anti-biotin
linked FICOLL®. Streptavidin-based amplification reagents offer a further advantage in that
it has extremely high binding affinity to biotin.

FIG. 13 shows the PCT results with the streptavidin amplification reagent using FIG.
12, Protocol B, v2 with pH 2 elution.

FIG. 14 shows the recycle format similar to FIG. 12, except after the pH 2 step, the
probe is further exposed to DMSO (100%) for a second elution.

FIG. 15 contains the results of the recycle assay of 3 PCT levels with the dual pH 2
and DMSO elution as in FIG. 14 using Protocol C.

FIGs. 16A and 16B show two-read protocols, in which the fluorescent signals are read
twice. The fluorescent signals are read before pH 2 acid elution as Read 1, and then read
again after pH 2 acid elution as Read 2. Read 2 signal is subtracted from Read 1, and the
subtracted value is quantitated against a calibration curve. The format of FIG. 16B is similar
to that of FIG. 14, except that the fluorescent signals are read twice. The assay format of FIG.
16A is similar to that of FIG. 16B, except in the first binding step. In FIG. 16A, after pre-
read, the sample is mixed with a dual antibody (anti-F-anti-PCT) and biotinylated-anti-PCT.
The remaining Cy5-SA-FICOLL® binding step and two-read steps in FIG. 16A are identical
to those in FIG. 16B.

FIG. 17 shows the results of the recycle assay of 3 PCT levels (0, 10, and 100 ng/mL)
by the two-read/subtraction protocol (FIG. 16B, Protocol D).

FIG. 18 shows that the results with 15 PCT clinical serum samples by two-read
recycle protocol (FIG. 16B, Protocol D).

FIG. 19 shows that the results with 15 PCT clinical serum samples had high
correlation (R? = 0.98) of two-read recycle protocol (FIG. 16B, Protocol D) vs. a commercial

IVD instrument (Biomerieux Vidas).
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FIG. 20 shows the results of the recycle assay of 3 PCT levels with (i) low pH plus
denaturant guanidium chloride (6M guanidine. HCI, pH 1.6) elution and (ii) denaturant
DMSO elution using Protocol D-1.

FIG. 21 shows the data of PCT standards with the assay format of FIG. 16A and
protocol E.

FIG. 22 shows assay format of serum amyloid A (SAA), with (1) low pH plus
denaturant guanidium chloride (6M guanidine. HCI, pH 1.6) elution and (ii) denaturant
DMSO elution.

FIG. 23 shows the results of the recycle assay of three SAA levels with the dual low
pH plus denaturant guanidium chloride elution and denaturant DMSO elution with the assay
format of FIG. 22 and Protocol F.

FIG. 24 illustrates an optical configuration, for detection of fluorescence on the probe

tip.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

Terms used in the claims and specification are to be construed in accordance with
their usual meaning as understood by one skilled in the art except and as defined as set forth
below.

“About,” as used herein, refers to within = 10% of the recited value.

An "analyte-binding" molecule, as used herein, refers to any molecule capable of
participating in a specific binding reaction with an analyte molecule. Examples include but
are not limited to, (i) antigen molecules, for use in detecting the presence of antibodies
specific against that antigen; (ii) antibody molecules, for use in detecting the presence of
antigens, (ii1) protein molecules, for use in detecting the presence of a binding partner for that
protein; (iv) ligands, for use in detecting the presence of a binding partner; or (v) single
stranded nucleic acid molecules, for detecting the presence of nucleic acid binding molecules.

An “aspect ratio” of a shape refers to the ratio of its longer dimension to its shorter
dimension.

A “binding molecular,” refers to a molecule that is capable to bind another molecule
of interest.

“A binding pair,” as used herein, refers to two molecules that are attracted to each

other and specifically bind to each other. Examples of binding pairs include, but not limited
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to, an antigen and an antibody against the antigen, a ligand and its receptor, complementary
strands of nucleic acids, biotin and avidin, biotin and streptavidin, lectin and carbohydrates.
Preferred binding pairs are biotin and streptavidin, biotin and avidin, fluorescein and anti-
fluorescein, digioxigenin/anti-digioxigenin. Biotin and avidin, including biotin derivatives
and avidin derivatives such as streptavidin, may be used as intermediate binding substances in
assay protocols employing complex binding sequences. For example, antibodies may be
labeled with biotin ("biotinylated") and used to bind to a target substance previously
immobilized on a solid phase surface. Fluorescent compositions according to the present
invention employing an avidin or streptavidin may then be used to introduce the fluorescent
label.

A “bispecific antibody” is an artificial protein that can simultaneously bind to two
different types of antigen.

“Immobilized,” as used herein, refers to reagents being fixed to a solid surface. When
a reagent is immobilized to a solid surface, it is either be non-covalently bound or covalently
bound to the surface.

“A monolithic substrate,” as used herein, refers to a single piece of a solid material
such as glass, quartz, or plastic that has one refractive index.

A “probe,” as used herein, refers to a substrate coated with a thin-film layer of
analyte-binding molecules at the sensing side. A probe has a distal end and a proximal end.
The proximal end (also refers to probe tip in the application) has a sensing surface coated

with a thin layer of analyte-binding molecules.

The present invention discloses a method to re-use an immunoassay test probe and
reagents, from about 3 to 10 times, while maintaining acceptable clinical assay performance.
The immunoassay test probe and reagents may be contained in one test strip, or one cartridge.

The present invention re-uses test probe and reagents the and saves the cost on a per test
basis.

There are several key elements to practice the invention. The first feature of this
invention is that the solid phase capture reagent is coated with a hapten. Haptens, commonly
defined as small organic molecules less than about 1500 Daltons, that are antigenic, but with
very poor immunogenicity. Consequently, haptens have to be linked to a larger polymer,
typically proteins, in order to generate anti hapten antibodies. Haptens have their antibody

binding based on their primary chemical structure, and there is no conformation dependence
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in its antibody binding. Hapten antigens therefore would retain their antibody binding
property even after repeated steps that denature anti-hapten antibodies and
immunocomplexes. The present invention uses a hapten-immobilized test probe and an anti-
hapten antibody to bind to the hapten-coated solid phase; the immune complex is
subsequently disassociated with a denaturation reagent. Subsequently re-immersing the
hapten-coated solid phase in a reagent with anti-hapten antibody restores the original amount
of anti-hapten antibody to bound on the solid phase. The hapten coated solid phase can be
subjected to multiple cycles of denaturation followed by anti-hapten antibody binding. The
robustness of the hapten-coated solid phase allows utilization of multiple denaturation
reagents for efficient elution of the immune complexes.

Suitable haptens for the present invention include, for example, small organic
molecules such as nitrotyrosine, dinitrophenol, trinitrophenol, nitrophenol, and aminobenzoic
acid; dyes such as Alexa Fluor, cyanine dyes, TRITC, Lucifer Yellow, Texas Red, and
Bodipy; peptides such as Myc, Flag, and polyhistidine; drugs such as theophylline, phenytoin,
phenobarbital, valproic acid, penicillin, and gentamycin; steroids such as progesterone,
testosterone, and estradiol, and vitamins such as biotin and Vitamin D. Preferred haptens are
fluorescein, biotin, and digoxigenin.

The second feature of this invention is that the assay uses a dual antibody conjugate in
which the anti-hapten antibody is chemically and covalently conjugated with a capture
antibody that binds to a specific analyte in a sample. The capture antibody varies depending
on the analyte to be measured; this allows the assay format to be applied to many different
immunoassays. The solid phase of the present invention is regenerated and recycled, while a
fresh dual antibody conjugate reagent is captured on the probe at each cycle, thereby
maintaining the assay performance.

The third feature of this invention is that the probe tip surface has a small dimension
(< 5 mm in diameter) so that there is negligible consumption of the signal reagent and

amplification reagent, and no replenish of those reagents is necessary during the assay cycles.

Fluorescent Detection System

The present invention uses a fluorescent detection system as described in U.S. Patent
No. 8,492,139, which is incorporated herein by reference, for measuring a fluorescent signal
on a probe tip. The system comprises: (a) a probe having an aspect ratio of length to width at

least 5 to 1, the probe having a first end and a second end, the second end having a sensing
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surface bound with a fluorescent label; (b) a light source for emitting excitation light directly
to the probe’s sensing surface; (c) a collecting lens pointed toward the sensing surface; and
(d) an optical detector for detecting the emission fluorescent light; where the collecting lens
collects and directs the emission fluorescent light to the optical detector.

The probe can be a monolithic substrate or an optical fiber. The probe can be any
shape such as rod, cylindrical, round, square, triangle, etc., with an aspect ratio of length to
width of at least 5 to 1, preferably 10 to 1. Because the probe is dipped in a sample solution
and one or more assay solutions during an immunoassay, it is desirable to have a long probe
with an aspect ratio of at least 5 to 1 to enable the probe tip’s immersion into the solutions.
Heterogeneous assays can be performed where the long probe is transferred to different
reaction chambers. Dispensing and aspirating reagents and sample during the assay are
avoided. The sensing surface of the probe is coated with analyte-binding molecules and
bound with fluorescent labels.

Any light source that can emit proper excitation light for the fluorescent label is
suitable for the present invention. A prefer light source is a laser that can emit light with
wavelengths suitable for fluorescent labels. For example, the laser center wavelength is
preferred to be 649 nm for Cy5 fluorescent dye. A suitable optical detector for detecting
emission light is a photomultiplier tube (PMT), a charge coupled device (CCD), or a
photodiode.

The light source and the optical detector including the collecting lens are mounted on
the same side of the probe tip surface (the sensing surface). If the sensing surface faces down,
they are both mounted below the tip surface. If the sensing surface faces up, they are both
mounted above the tip surface. They are closer to the sensing surface than the other end of
the probe. The sensing surface is always within the numeric aperture of the collecting lens.
The probe can be, but it does not have to be centrally aligned with the collecting lens.

FIG. 24 illustrates an embodiment of the fluorescent detection system.

L Detecting an Analyte by a Recycling Protocol

The present invention is directed to a method of detecting an analyte in multiple liquid
samples by a fluorescent immunoassay, using the same hapten-coated test probe, the
amplification reagent, and the same signal reagent for different samples.

The method comprises the steps of’ (a) dipping a probe in an aqueous solution having

pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip, wherein the probe comprises
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a hapten immobilized on the tip of the probe, and the diameter of the tip surface is <5 mm;
(b) forming an immunocomplex comprising the analyte from a sample, a capture antibody,
and a signal antibody on the probe tip, wherein the capture antibody and the signal antibody
are two different antibodies against the analyte, the capture antibody is covalently linked to an
anti-hapten antibody against the hapten and the signal antibody is conjugated with fluorescent
labels; (c) dipping the probe tip into a washing vessel containing a wash solution; (d)
determining the analyte concentration in the sample by measuring the fluorescent signal of the
immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of (a), and
quantitating the subtracted signal against a calibration curve; (e) dipping the probe tip in an
acidic solution having pH about 1.0-4.0 to elute the immunocomplex from the probe tip; and
(f) repeating the steps (a)-(e) except in step (b) with the analyte from a new sample, whereby
the analyte in each of the multiple liquid samples is detected.

In step (e), after the probe tip is dipped in an acidic solution having pH about 1.0-4.0,
optionally the probe is further dipped in a denaturant or a chaotropic agent such as
dimethylsulfoxide (DMSO), n-butanol, ethanol, guanidinium chloride (guanidine
hydrochloride), lithium perchlorate, lithium acetate, magnesium chloride, phenol, 2-propanol,
sodium dodecyl sulfate, thiourea, and urea, to further elute the immunocomplex. DMSO is a
preferred chaotropic agent.

In one embodiment, the immunocomplex of step (b) is formed by: (b1) mixing a
sample solution with a dual antibody solution and a reagent solution to form a mixture,
wherein the sample solution comprises the analyte, the dual antibody solution comprises the
anti-hapten antibody covalently linked to the capture antibody, and the reagent solution
comprises the signal antibody conjugated with fluorescent labels; and (b2) dipping the probe
tip in the mixture to form the immunocomplex on the probe tip. The probe can be dipped
immediately into the mixture when the components are added together. Alternatively, the
probe can be dipped into the mixture after the mixture is incubated for a period of time, e.g.,
30 seconds to 15 minutes. This embodiment is illustrated in FIG. 1A.

In another embodiment, the immunocomplex of step (b) is formed by: (b1) dipping
the probe tip in a dual antibody solution comprising the anti-hapten antibody covalently
linked to the capture antibody; (b2) dipping the probe tip in a sample solution comprising the
sample; (b3) dipping the probe tip in a reagent solution comprising the signal antibody
conjugated with fluorescent labels to form the immunocomplex on the probe tip. This

embodiment is illustrated in FIG. 1B.
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Tllustrated Embodiment 1

In another embodiment, the method of detecting an analyte comprises the steps of: (a)
obtaining a probe having a hapten immobilized on the tip of the probe, wherein the diameter
of the tip surface is <5 mm; (b) dipping the probe in an aqueous solution having pH of 6.0-
8.5 to pre-read the fluorescent signal of the probe tip; (c) dipping the probe tip in a dual
antibody solution comprising an anti-hapten antibody covalently linked to a capture antibody,
wherein the capture antibody is a first antibody against the analyte; (d) dipping the probe tip
in a sample solution comprising a liquid sample having an analyte; (e) dipping the probe tip
in a reagent solution comprising a signal antibody conjugated with fluorescent labels to form
an immunocomplex comprising the analyte, the capture antibody, and the signal antibody on
the probe tip, wherein the signal antibody is a second antibody against the analyte; (f) dipping
the probe tip into a washing vessel containing a wash solution; (g) determining the analyte
concentration in the sample by measuring the fluorescent signal of the immunocomplex at the
probe tip, subtracting the pre-read fluorescent signal of (b), and quantitating the subtracted
signal against a calibration curve; (h) dipping the probe tip in an acidic solution having pH
about 1.0-4.0 to elute the immunocomplex from the probe tip; and (1) repeating the steps (b)-
(h) except in step (d) with a new sample solution comprising a new sample, whereby the
analyte in each of the multiple liquid samples is detected. This embodiment is illustrated in
FIGs. 1B, 6, and 8.

The method uses the same probe and the same washing solution in all cycles of
reaction. Preferably, the method uses the same reagent solutions in all cycles of reaction.
However, a fresh reagent solution can also be used in different cycles.

In step (a) of the present method, a probe that has a small tip for binding an analyte is
obtained. The tip has a smaller surface area with a diameter <5 mm, preferably <2 mm or <
1 mm. The small surface of the probe tip endows it with several advantages. In a solid phase
immunoassays, having a small surface area is advantageous because it has less non-specific
binding and thus produces a lower background signal. Further, the reagent or sample carry
over on the probe tip is extremely small due to the small surface area of the tip. This feature
makes the probe tip easy to wash, and it causes negligible contamination in the wash solution
since the wash solution has a larger volume. Another aspect of the small surface area of the
probe tip is that it has small binding capacity. Consequently, when the probe tip is immersed
in a reagent solution, the binding of the reagent does not consume a significant amount of the

reagent. The reagent concentration is effectively unchanged. Negligible contamination of the
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wash solution and small consumption of the reagents enable the reagents and the wash
solution to be re-used many times, for example, 3-10 times or 3-20 times.

Methods to immobilize a hapten to the solid phase (the sensing surface of the probe
tip) are common in immunochemistry and involve formation of covalent, hydrophobic or
electrostatic bonds between the solid phase and a hapten. For example, a hapten can be
conjugated to a carrier protein and the hapten-protein is immobilized either by adsorption to
the solid surface or by covalently binding to aminopropylsilane coated on the solid surface.

In step (b), the fluorescent signal of the probe tip is pre-read by a fluorescent detection
system in a read vessel (or a read chamber, or a read well). The read vessel contains an
aqueous solution such as water or a buffer having pH between 6.0 to 8.5. Preferably, the
aqueous solution contains 1-10 mM or 1-100 mM of phosphate buffer, tris buffer, citrate
buffer or other buffer suitable for pH between 6.0-8.5, to neutralize the probe after low pH
regeneration.

Pre-read is necessary before the first sample binding to establish a baseline of any
potential background fluorescence for the first cycle reaction. Pre-read is also necessary after
the regeneration of the probe tip and before the next sample binding to establish a baseline for
subsequent cycles. After each cycle, the pre-read signal is preferably the same. If the pre-
read signal is higher, or lower than the pre-read signal of the previous cycle, subtracting the
pre-read fluorescent signal from the measured fluorescent signal after the immunoassay in
each cycle, and then quantitating the subtracted signal against a calibration curve would still
provide a correct quantitation of the analyte.

In step (c¢) of the method, the probe tip is dipped into a dual antibody vessel containing
a dual antibody solution. The dual antibody solution contains an anti-hapten antibody
covalently linked to a capture antibody, wherein the capture antibody is a first antibody
against the analyte.  Alternatively, the dual antibody solution contains a bi-specific antibody
that simultaneously bind to the hapten and the analyte.

In one embodiment, the anti-hapten antibody and the capture antibody are directly
linked to each other without a linker.

In a preferred embodiment, the anti-hapten antibody and the capture antibody are both
covalently linked to a polymer, which serves as a linker or spacer. The polymer in general
has a molecular weight of 1,000 to 500,000 Daltons. The polymer can be a polysaccharide
(e.g., dextran, amylose), a dendrimer, or a polyethylene glycol. In one preferred embodiment,

the polymer is FICOLL® (copolymers of sucrose and epichlorohydrin).
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In step (d) of the method, the probe tip is dipped into a sample vessel (or a sample
chamber or a sample well), and incubated for 5 seconds to 5 minutes, 10 seconds to 2
minutes, or 30 seconds to 1 minute, to bind the analyte to the first antibody on the probe tip.

After step (d), the probe is optionally washed 1-5 times, preferably 1-3 times in a
wash vessel (or a wash chamber or a wash well) containing a wash solution. This extra
washing step may not be required because the amount of the carried-over solution is minimal
due to a small binding surface area. The wash solution typically contains buffer and a
surfactant such as Tween 20.

In step (e) of the method, the probe tip is dipped into a reagent vessel (or a reagent
chamber or a reagent sell) for 5 seconds to 5 minutes, 10 seconds to 2 minutes, or 30 seconds to
1 minute, to bind the reagent to the analyte on the probe tip. The reagent solution comprises a
fluorescent labelled second antibody (a signal antibody). Any suitable fluorescent label can be
used in this method. An example of a fluorescent label is an arylsulfonate cyanine fluorescent
dye as described in Mujumdar et al. (1993) Bioconjugate Chemistry, 4:105-111; Southwick et
al. (1990) Cytometry, 11:418-430; and U.S. Pat. No. 5,268,486. CyS is a preferred arylsulfonate
cyanine fluorescent dye, because it has a high extinction coefticient and good quantum yield; it
also has fluorescent emission spectra in a range (500 nm to 750 nm) outside of the auto-
fluorescence wavelengths of most biological materials and plastics. In addition, CyS5 has a good
solubility in water, and has low non-specific binding characteristics.

A fluorescent label can covalently bind to the signal antibody through a variety of
moieties, including disulfide, hydroxyphenyl, amino, carboxyl, indole, or other functional
groups, using conventional conjugation chemistry as described in the scientific and patent
literature. Exemplary techniques for binding arylsulfonate cyanine fluorescent dye labels to
antibodies and other proteins are described in U.S. Pat. Nos. 5,268,486; 5,650,334; the
contents of which are in incorporated herein by reference. Techniques for linking a preferred
CyS fluorescent label to antibodies are described in a technical bulletin identified as Cat. No.
A25000, published by Biological Detection Systems, Inc., Pittsburgh, Pa.

In Step (f), the probe is washed 1-5 times, preferably 1-3 times in a wash vessel
containing a wash solution. The wash solution typically contains a buffer and a surfactant
such as Tween 20.

In step (g), the probe stays in the wash vessel or is moved to a measurement vessel
and the fluorescent signal of the bound immunocomplex is detected by the fluorescent

detection system as described above, where the light source and the detector are mounted at
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the same side (the proximal side) of the sensing surface of the probe. The measurement
vessel can be a separate well or can be the same pre-read vessel.

Alternatively, the methods of the present invention can be detected by other suitable
fluorescent detection systems.

The analyte concentration in the sample is determined by measuring the fluorescent
signal of the immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of
(b), and then quantitating against a calibration curve (a standard curve).

The calibration curve is typically pre-established before assaying the samples
according to the methods known to a person skilled in the art. In a preferred embodiment, the
fluorescent signals (after subtracting the pre-read signal) of the same sample remain constant
at each cycle, and the calibration curves are the same for each cycle.

In another embodiment, the fluorescent signals (after subtracting the pre-read signal)
of the same sample increase or decrease at each cycle, and a cycle-specific calibration curve
needs to be established for each cycle. In these instances with changes in fluorescent signals,
samples are quantitated against a cycle-specific calibration curve, and the quantitated results
can still be consistent in spite of the increase or decrease of the fluorescent signals at different
cycles.

In step (h), the probe is regenerated by employing a denaturing condition that
dissociates the immune complexes bound to the capture antibody on a solid phase. In
general, an acid or an acidic buffer having pH about 1 to about 4 is effective to regenerate the
antibody probe of the present invention. For example, hydrochloric acid, sulfuric acid, nitric
acid, acetic acid can be used to regenerate the probe. The probe is first treated with an acidic
condition, and then neutralized by a neutral aqueous solution such as a buffer having pH
between 6.0-8.5. In one embodiment, the low pH treated probe is conveniently neutralized in
the read vessel of step (b) before pre-read. Alternatively, the low pH treated probe can be
neutralized in a separate vessel having a buffer with a pH of 6.0-8.5. The regeneration
procedures can be one single acidic treatment, followed by neutralization. For example, a
single pH 1-3, or pH 1.5-2.5 (e.g., pH 2) exposure ranging from 10 seconds to 2 minutes is
effective. The regeneration procedures can also be a “pulse” regeneration step, where the
probe is exposed to 2-5 cycles (e.g. 3 cycles) of a short pH treatment (e.g., 10-20 seconds),
followed by neutralization at pH 6.5-8.0 (e.g., 10-20 seconds).

After regeneration of the probe, steps of (b)-(h) are repeated with a different sample in
a subsequent cycle, for 1-10, 1-20, 1-25, 3-20, 5-10, 5-20, 5-25, or 5-30 times, with the same
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probe and the same reagents. In each cycle, the regenerated probe has fresh dual antibody
captured on the probe.

In one embodiment, the reaction is accelerated by agitating or mixing the solution in
the vessel. For example, a flow such as a lateral flow or an orbital flow of the solution across
the probe tip can be induced in one or more reaction vessels, including sample vessel, reagent
vessel, wash vessels, and regeneration vessel, to accelerates the binding reactions,
dissociation. For example, the reaction vessels can be mounted on an orbital shaker and the
orbital shaker is rotated at a speed at least 50 rpm, preferably at least 200 rpm or at least 500
rpm, such as 50-200 or 500-1,500 rpm. Additionally, the probe tip can be moved up and
down and perpendicular to the plane of the orbital flow, at a speed of 0.01 to 10 mm/second,

in order to induce additional mixing of the solution above and below the probe tip.

Tllustrated Embodiment 2

In a second embodiment for detecting an analyte, the method is similar to that of the
first embodiment except steps (b) and (c) are reversed in order. The method of the second
embodiment comprises the steps of: (a) obtaining a probe having a hapten immobilized on the
tip of the probe, wherein the diameter of the tip surface is <5 mm; (b) dipping the probe tip
in a dual antibody solution comprising a dual antibody comprising an anti-hapten antibody
covalently linked to a capture antibody, wherein the capture antibody is a first antibody
against the analyte;

(c) dipping the probe in an aqueous solution having pH of 6.0-8.5 to pre-read the fluorescent
signal of the probe tip; (d) dipping the probe tip in a sample solution comprising a liquid
sample having an analyte; (e) dipping the probe tip in a reagent solution comprising a signal
antibody conjugated with fluorescent labels to form an immunocomplex comprising the
analyte, the capture antibody, and the signal antibody on the probe tip, wherein the signal
antibody is a second antibody against the analyte; (f) dipping the probe tip in a wash solution;
(g) determining the analyte concentration in the sample by measuring the fluorescent signal of
the immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of (¢), and
quantitating the subtracted signal against a calibration curve; (h) dipping the probe tip in an
acidic solution having pH about 1.0-4.0 to elute the immunocomplex from the probe tip; and
(1) repeating the steps (b)-(h) except in step (d) with a new sample solution containing a new
sample, whereby the analyte in each of the multiple liquid samples is detected.

The details of each step are similar to those described above in the first embodiment.
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In the second embodiment, the dual antibody conjugate optionally comprises a second
fluorescent label that is different from the signal fluorescent label in the excitation
wavelength and emission wavelength. The pre-read of step (b) determines the signal of the
second fluorescent label, which shows whether the recycled probe still provides an acceptable
binding of the dual antibody conjugate to the hapten-immobilized probe tip after reacting with
multiple samples. If the probe is masked by interfering materials after multiple sample
reaction, the pre-read of a second fluorescent signal in step (b) will show a significant
decrease in the signal of the second fluorescent label, and the assay should be repeated with a

fresh probe.

IL. Amplification with a Second Hapten and Anti-Second Hapten Antibody or
Streptavidin

The methods described below add amplification steps to the Recycling Protocol 1, by
amplifying the fluorescent signals with a second hapten and an anti-second hapten antibody or
streptavidin. The second hapten is different from the hapten immobilized on the probe tip.
The details of each step are the same or similar to those of the corresponding steps described
above in the Recycling Protocol L

The method comprises the steps of’ (a) dipping a probe in an aqueous solution having
pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip, wherein the probe comprises
a first hapten immobilized on the tip of the probe, and the diameter of the tip surface is <5
mm; (b) forming a first immunocomplex comprising the analyte from a sample, a capture
antibody, and a signal antibody on the probe tip, wherein the capture antibody and the signal
antibody are two different antibodies against the analyte, the capture antibody is covalently
linked to an anti-first hapten antibody against the first hapten and the signal antibody is
conjugated with a second hapten, the first hapten and the second hapten are different; (c)
dipping the probe tip in a wash solution; (d) dipping the probe tip in an amplification solution
comprising (i) an anti-second hapten antibody or (i) streptavidin, conjugated to fluorescent
labels to form a second immunocomplex comprising the analyte, the capture antibody, the
signal antibody, the second hapten, and the anti-second hapten antibody or streptavidin on the
probe tip; (e) determining the analyte concentration in the sample by measuring the
fluorescent signal of the second immunocomplex at the probe tip, subtracting the pre-read
fluorescent signal of (a), and quantitating the subtracted signal against a calibration curve; (f)

dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the
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immunocomplexes from the probe tip; and (g) repeating the same steps (a)-(f) except in step
(b) with the analyte from a new sample, whereby the analyte in each of the multiple liquid
samples is detected.

In one embodiment, the first immunocomplex of step (b) is formed by: (b1) mixing a
sample solution with a dual antibody solution and a reagent solution to form a mixture,
wherein the sample solution comprises the analyte, the dual antibody solution comprises the
anti-first hapten antibody covalently linked to the capture antibody, and the reagent solution
comprises the signal antibody conjugated with the second hapten; and (b2) dipping the probe
tip in the mixture to form the first immunocomplex on the probe tip.

In another embodiment, the first immunocomplex of step (b) is formed by: (b1)
dipping the probe tip in a dual antibody solution comprising the anti-first hapten antibody
covalently linked to the capture antibody; (b2) dipping the probe tip in a sample solution
comprising the sample; and (b3) dipping the probe tip in a reagent solution comprising the
signal antibody conjugated with the second hapten to form the first immunocomplex on the

probe tip.

IHA. Amplification with Second Hapten and Anti-Second Hapten Antibody

In this protocol, the fluorescent signals are amplified with a second hapten and an
anti-second hapten antibody.

The method comprises the steps of’ (a) dipping a probe in an aqueous solution having
pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip, wherein the probe comprises
a first hapten immobilized on the tip of the probe, and the diameter of the tip surface is <5
mm; (b) forming a first immunocomplex comprising the analyte from a sample, a capture
antibody, and a signal antibody on the probe tip, wherein the capture antibody and the signal
antibody are two different antibodies against the analyte, the capture antibody is covalently
linked to an anti-first hapten antibody against the first hapten and the signal antibody is
conjugated with a second hapten, the first hapten and the second hapten are different; (¢)
dipping the probe tip in a wash solution; (d) dipping the probe tip in an amplification solution
comprising an anti-second hapten antibody conjugated to fluorescent labels to form a second
immunocomplex comprising the analyte, the capture antibody, the signal antibody, the second
hapten, and the anti-second hapten antibody on the probe tip; (e) determining the analyte
concentration in the sample by measuring the fluorescent signal of the second

immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of (a), and
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quantitating the subtracted signal against a calibration curve; (f) dipping the probe tip in an
acidic solution having pH about 1.0-4.0 to elute the immunocomplexes from the probe tip;
and (g) repeating the same steps (a)-(f) except in step (b) with the analyte from a new sample,
whereby the analyte in each of the multiple liquid samples is detected.

In step (f), the probe tip is dipped in an acidic solution having pH about 1.0-4.0,
optionally, the acidic solution may comprise a denaturant or a chaotropic agent. Optionally,
the probe may be further dipped in a denaturant or a chaotropic agent. A denaturant or a
chaotropic agent for example includes dimethylsulfoxide (DMSO), n-butanol, ethanol,
guanidinium chloride, lithium perchlorate, lithium acetate, magnesium chloride, phenol, 2-
propanol, sodium dodecyl sulfate, thiourea, and urea, to further elute the immunocomplex.
DMSO and guanidinium chloride are preferred denaturants or chaotropic agents.

In one embodiment, the first immunocomplex of step (b) is formed by: (b1) mixing a
sample solution with a dual antibody solution and a reagent solution to form a mixture,
wherein the sample solution comprises the analyte, the dual antibody solution comprises the
anti-first hapten antibody covalently linked to the capture antibody, and the reagent solution
comprises the signal antibody conjugated with the second hapten; and (b2) dipping the probe
tip in the mixture to form the first immunocomplex on the probe tip.

In another embodiment, the first immunocomplex of step (b) is formed by: (b1)
dipping the probe tip in a dual antibody solution comprising the anti-first hapten antibody
covalently linked to the capture antibody; (b2) dipping the probe tip in a sample solution
comprising the sample; and (b3) dipping the probe tip in a reagent solution comprising the
signal antibody conjugated with the second hapten to form the first immunocomplex on the

probe tip.

Tllustrated Embodiment 1

For example, the method comprises the steps of: (a) obtaining a probe having a first
hapten immobilized on the tip of the probe, wherein the diameter of the tip surface is <5 mm;
(b) dipping the probe an aqueous solution having pH of 6.0-8.5 to pre-read the fluorescent
signal of the probe tip; (¢) dipping the probe tip in a dual antibody solution comprising an
anti-first hapten antibody covalently linked to a capture antibody, wherein the capture
antibody is a first antibody against the analyte; (d) dipping the probe tip in a sample solution
comprising a liquid sample having an analyte; (e) dipping the probe tip in a reagent solution

comprising a signal antibody conjugated with a second hapten to form a first immunocomplex
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comprising the analyte, the capture antibody, and the signal antibody on the probe tip,
wherein the signal antibody is a second antibody against the analyte and the first hapten and
the second hapten are different; (f) dipping the probe tip in a wash solution; (g) dipping the
probe tip in an amplification solution comprising an anti-second hapten antibody conjugated
to fluorescent labels to form a second immunocomplex comprising the analyte, the capture
antibody, the signal antibody, the second hapten, and the anti-second hapten antibody on the
probe tip; (h) determining the analyte concentration in the sample by measuring the
fluorescent signal of the second immunocomplex at the probe tip, subtracting the pre-read
fluorescent signal of (b), and quantitating the subtracted signal against a calibration curve; (i)
dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the
immunocomplexes from the probe tip; and (j) repeating the same steps (b)-(1) except in step
(d) with a new sample solution containing a new sample, whereby the analyte in each of the
multiple liquid samples is detected. This embodiment is illustrated in FIG. 10, where biotin

is a second hapten.

Tllustrated Embodiment 2

In this embodiment, the method comprises the steps of: (a) obtaining a probe having a
first hapten immobilized on the tip of the probe, wherein the diameter of the tip surface is <5
mm; (b) dipping the probe tip in a dual antibody solution comprising a dual antibody
comprising an anti-hapten antibody covalently linked to a capture antibody, wherein the
capture antibody is a first antibody against the analyte; (c¢) dipping the probe in an aqueous
solution having pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip; (d) dipping
the probe tip in a sample solution comprising a liquid sample having an analyte; (e) dipping
the probe tip in a reagent solution comprising a signal antibody conjugated with a second
hapten to form a first immunocomplex comprising the analyte, the capture antibody, and the
signal antibody on the probe tip, wherein the signal antibody is a second antibody against the
analyte and the first hapten and the second hapten are different; (f) dipping the probe tip in a
wash solution; (g) dipping the probe tip in an amplification solution comprising an anti-
second hapten antibody conjugated to fluorescent labels to form a second immunocomplex
comprising the analyte, the capture antibody, the signal antibody, the second hapten, and the
anti-second hapten antibody on the probe tip; (h) determining the analyte concentration in the
sample by measuring the fluorescent signal of the second immunocomplex at the probe tip,

subtracting the pre-read fluorescent signal of (¢), and quantitating the subtracted signal
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against a calibration curve; (1) dipping the probe tip in an acidic solution having pH about 1.0-
4.0 to elute the immunocomplexes from the probe tip; and (j) repeating the same steps (b)-(1)
except in step (d) with a new sample solution containing a new sample, whereby the analyte
in each of the multiple liquid samples is detected.

In both amplification methods, the anti-second hapten antibody and the fluorescent
label conjugate may be further conjugated to FICOLL® to increase the loading of anti-second

hapten antibody and the fluorescent labels.

IIB. Amplification with Biotin and Streptavidin

The methods described below add amplification steps to the Recycling Protocol 1, by
amplifying the fluorescent signals with biotin and streptavidin. In these methods, the hapten
on the probe tip is a non-biotin hapten. Using of the streptavidin amplification reagent
demands more stringent elution conditions, and dimethyl sulfoxide (DMSO) is used as a
second elution agent after the acidic elution.

The method comprises the steps of’ (a) dipping a probe in an aqueous solution having
pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip, wherein the probe comprises
a non-biotin hapten immobilized on the tip of the probe, and the diameter of the tip surface is
<5 mm; (b) forming a first immunocomplex comprising the analyte from a sample, a capture
antibody, and a signal antibody on the probe tip, wherein the capture antibody and the signal
antibody are two different antibodies against the analyte, the capture antibody is covalently
linked to an anti-hapten antibody and the signal antibody is conjugated with biotin; (c)
dipping the probe tip in a wash solution; (d) dipping the probe tip in an amplification solution
comprising streptavidin conjugated to fluorescent labels to form a second immunocomplex
comprising the analyte, the capture antibody, the signal antibody, the biotin, and streptavidin
on the probe tip; () determining the analyte concentration in the sample by measuring the
fluorescent signal of the second immunocomplex at the probe tip, subtracting the pre-read
fluorescent signal of (a), and quantitating the subtracted signal against a calibration curve; (f)
dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the
immunocomplexes from the probe tip; and (g) repeating the same steps (a)-(f) except in step
(b) with the analyte from a new sample, whereby the analyte in each of the multiple liquid
samples is detected.

In step (f), after the probe tip is dipped in an acidic solution having pH about 1.0-4.0,

optionally the probe is further dipped in a denaturant or a chaotropic agent such as
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dimethylsulfoxide (DMSO), n-butanol, ethanol, guanidinium chloride, lithium perchlorate,
lithium acetate, magnesium chloride, phenol, 2-propanol, sodium dodecyl sulfate, thiourea,
and urea, to further elute the immunocomplex. DMSO is a preferred chaotropic agent.

In one embodiment, the first immunocomplex of step (b) is formed by: (b1) mixing a
sample solution with a dual antibody solution and a reagent solution to form a mixture,
wherein the sample solution comprises the analyte, the dual antibody solution comprises the
anti-hapten antibody covalently linked to the capture antibody, and the reagent solution
comprises the signal antibody conjugated with biotin; and (b2) dipping the probe tip in the
mixture to form the first immunocomplex on the probe tip.

In another embodiment, the immunocomplex of step (b) is formed by: (b1) dipping
the probe tip in a dual antibody solution comprising the anti-hapten antibody covalently
linked to the capture antibody; (b2) dipping the probe tip in a sample solution comprising the
sample; and (b3) dipping the probe tip in a reagent solution comprising the signal antibody

conjugated with the biotin to form the first immunocomplex on the probe tip.

Tllustrated Embodiment 1

In one embodiment, the method comprises the steps of: (a) obtaining a probe having a
hapten immobilized on the tip of the probe, wherein the diameter of the tip surface is <5 mm,
and the hapten is not biotin; (b) dipping the probe in an aqueous solution having pH of 6.0-
8.5 to pre-read the fluorescent signal of the probe tip; (c) dipping the probe tip in a dual
antibody solution comprising an anti-hapten antibody covalently linked to a capture antibody,
wherein the capture antibody is an antibody against the analyte; (d) dipping the probe tip in a
sample solution containing a liquid sample having an analyte; (e) dipping the probe tip into a
reagent solution comprising a signal antibody conjugated with biotin to form a first
immunocomplex comprising the analyte, the capture antibody, and the signal antibody on the
probe tip, wherein the signal antibody is a second antibody against the analyte; (f) dipping the
probe tip in a wash solution; (g) dipping the probe tip in an amplification solution comprising
streptavidin conjugated to fluorescent labels to form a second immunocomplex comprising
the analyte, the capture antibody, the signal antibody, the biotin, and the streptavidin on the
probe tip, (h) determining the analyte concentration in the sample by measuring the
fluorescent signal of the second immunocomplex at the probe tip, subtracting the pre-read
fluorescent signal of (b), and quantitating the subtracted signal against a calibration curve; (i)

dipping the probe tip in an acidic solution having pH about 1.0-4.0, optionally further in a
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chaotropic agent such as dimethyl sulfoxide to elute the immunocomplexes from the probe
tip; and (j) repeating the same steps (b)-(i) except in step (d) with a new sample solution
comprising a new sample, whereby the analyte in each of the multiple liquid samples is

detected. This embodiment is illustrated in FIG. 12 and 14.

Tllustrated Embodiment 2

In another embodiment, the method comprises the steps of: (a) obtaining a probe
having a hapten immobilized on the tip of the probe, wherein the diameter of the tip surface is
<5 mm, and the hapten is not biotin; (b) dipping the probe tip into a dual antibody vessel
containing a dual antibody solution comprising an anti-hapten antibody covalently linked to a
capture antibody, wherein the capture antibody is an antibody against the analyte; (c) dipping
the probe in a pre-read vessel comprising an aqueous solution having pH of 6.0-8.5 to pre-
read the fluorescent signal of the probe tip; (d) dipping the probe tip in a sample solution
containing a liquid sample having an analyte; (e) dipping the probe tip into a reagent solution
comprising a signal antibody conjugated with biotin to form a first immunocomplex
comprising the analyte, the capture antibody, and the signal antibody on the probe tip,
wherein the signal antibody is a second antibody against the analyte; (f) dipping the probe tip
in a wash solution; (g) dipping the probe tip in an amplification solution comprising
streptavidin conjugated to fluorescent labels to form a second immunocomplex comprising
the analyte, the capture antibody, the signal antibody, the biotin, and the streptavidin on the
probe tip, (h) determining the analyte concentration in the sample by measuring the
fluorescent signal of the second immunocomplex at the probe tip, subtracting the pre-read
fluorescent signal of (b), and quantitating the subtracted signal against a calibration curve; (i)
dipping the probe tip first in an acidic solution having pH about 1.0-4.0, optionally further in
a chaotropic agent such as dimethyl sulfoxide to elute the immunocomplexes from the probe
tip; and (j) repeating the same steps (b)-(i) except in step (d) with a new sample solution
comprising a new sample, whereby the analyte in each of the multiple liquid samples is
detected.

In the amplification of the second embodiment, the dual antibody conjugate optionally
comprises a second fluorescent label that is different from the signal fluorescent label in the
excitation wavelength and emission wavelength.

In both amplification methods, the streptavidin and the fluorescent label conjugate

may be further conjugated to FICOLL® to increase the loading of streptavidin and the
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fluorescent labels.

III.  Two-Read Protocol

The two-read protocol reads a first fluorescent signal of the second immunocomplex
at the probe tip, then reads a second fluorescent signal of the acid-treated probe tip, and then
subtracts the second fluorescent signal from the first fluorescent signal to quantitate the
subtracted signal against a calibration curve. With this two-read and subtraction method, the
background fluorescent signal remains low for more than 10 cycles. Low background
improves the detection of sample having low concentration and improves the sensitivity of
the assay.

The details of each step are the same or similar to those of the corresponding steps
described above in the recycling protocol L

The method comprises the steps of’ (a) obtaining a probe having a non-biotin hapten
immobilized on the tip of the probe, wherein the diameter of the tip surface is <5 mm; (b)
forming a first immunocomplex comprising the analyte from a sample, a capture antibody,
and a signal antibody on the probe tip, wherein the capture antibody and the signal antibody
are two different antibodies against the analyte, the capture antibody is covalently linked to an
anti-hapten antibody and the signal antibody is conjugated with biotin; (c¢) dipping the probe
tip in a wash solution; (d) dipping the probe tip in an amplification solution comprising
streptavidin conjugated to fluorescent labels to form a second immunocomplex comprising
the analyte, the capture antibody, the signal antibody, the biotin, and streptavidin on the probe
tip; (e) reading a first fluorescent signal of the second immunocomplex at the probe tip; (f)
dipping the probe tip in an acidic solution having pH about 1.0-4.0; (g) reading a second
fluorescent signal of the acid-treated probe tip, (h) subtracting the second fluorescent signal
from the first fluorescent signal, and quantitating the subtracted signal against a calibration
curve; (1) dipping the probe tip in a chaotropic agent such as dimethyl sulfoxide; and (j)
repeating the same steps (b)-(i) except in step (b) with a new sample solution comprising a
new sample, whereby the analyte in each of the multiple liquid samples is detected.

In one embodiment, the first immunocomplex of step (b) is formed by: (b1) mixing a
sample solution with a dual antibody solution and a reagent solution to form a mixture,
wherein the sample solution comprises the analyte, the dual antibody solution comprises the
anti-hapten antibody covalently linked to the capture antibody, and the reagent solution

comprises the signal antibody conjugated with biotin; and(b2) dipping the probe tip in the
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mixture to form the first immunocomplex on the probe tip. This embodiment is illustrated in
FIG. 16A.

In another embodiment, the immunocomplex of step (b) is formed by: (b1) dipping
the probe tip in a dual antibody solution comprising the anti-hapten antibody covalently
linked to the capture antibody; (b2) dipping the probe tip in a sample solution comprising the
sample; and (b3) dipping the probe tip in a reagent solution comprising the signal antibody
conjugated with the biotin to form the first immunocomplex on the probe tip. This
embodiment is illustrated in FIG. 16B.

For example, the method comprises the steps of’ (a) obtaining a probe having a hapten
immobilized on the tip of the probe, wherein the diameter of the tip surface is <5 mm, and
the hapten is not biotin; (b) dipping the probe tip in a dual antibody solution comprising an
anti-hapten antibody covalently linked to a capture antibody, wherein the capture antibody is
an antibody against the analyte; (¢) dipping the probe tip in a sample solution containing a
liquid sample having an analyte; (d) dipping the probe tip into a reagent solution comprising a
signal antibody conjugated with biotin to form a first immunocomplex comprising the
analyte, the capture antibody, and the signal antibody on the probe tip, wherein the signal
antibody is a second antibody against the analyte; (e) dipping the probe tip in a wash solution;
(f) dipping the probe tip in an amplification solution comprising streptavidin conjugated to
fluorescent labels to form a second immunocomplex comprising the analyte, the capture
antibody, the signal antibody, the biotin, and the streptavidin on the probe tip, (g) reading a
first fluorescent signal of the second immunocomplex at the probe tip; (h) dipping the probe
tip in an acidic solution having pH about 1.0-4.0; (i) reading a second fluorescent signal of
the acid-treated probe tip; (j) subtracting the second fluorescent signal from the first
fluorescent signal, and quantitating the subtracted signal against a calibration curve; (k)
dipping the probe tip in a chaotropic agent such as dimethyl sulfoxide; and (j) repeating the
same steps (b)-(k) except in step (c) with a new sample solution comprising a new sample,
whereby the analyte in each of the multiple liquid samples is detected. This embodiment is
illustrated in FIG. 16B.

In step (h), the acidic solution may further comprise a denaturant or a chaotropic
agent, for example, guanidium chloride, in a concentration 2M-8M, or 5-7M, e.g., 6M.

In the two-read protocol, pre-read of a fluorescent signal of the probe prior to dipping
the probe in a sample solution in each cycle is optional. The probe can be pre-read either

before step (b), or after step (b) but before step (c).
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In the two-read protocol, streptavidin and the fluorescent label conjugate may be
further conjugated to FICOLL® to increase the loading of streptavidin and the fluorescent
labels.

IV.  Dual Denaturant Protocol

For some proteins that are sticky or tend to aggregate, using two different denaturants
help to remove the immunocomplex formed on the probe after each cycle of immunoreaction.
The inventors have discovered that elution using guanidine hydrochloride (guanidium
chloride) in acidic pH (pH 1-4 or 1.5 to 2.5), followed by elution with DMSO are effective to
remove the bound immunocomplex after each cycle and provide a regenerated probe with a
good performance.

In one embodiment, the method comprises the step of: (a) dipping a probe in an
aqueous solution having pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip,
wherein the probe comprises a hapten immobilized on the tip of the probe, and the diameter
of the tip surface is <5 mm; (b) forming an immunocomplex comprising the analyte from a
sample, a capture antibody, and a signal antibody on the probe tip, wherein the capture
antibody and the signal antibody are two different antibodies against the analyte, the capture
antibody is covalently linked to an anti-hapten antibody against the hapten and the signal
antibody is conjugated with fluorescent labels; (c) dipping the probe tip into a washing vessel
containing a wash solution; (d) reading a first fluorescent signal of the immunocomplex at the
probe tip; (e) dipping the probe tip in an acidic solution having pH about 1.0-4.0 and
containing guanidium chloride; (f) reading a second fluorescent signal of the acid-treated
probe tip, (g) subtracting the second fluorescent signal from the first fluorescent signal, and
quantitating the subtracted signal against a calibration curve; (h) dipping the probe tip in a
chaotropic agent such as dimethyl sulfoxide; and (i) repeating the same steps (b)-(h) except in
step (b) with a new sample solution comprising a new sample, whereby the analyte in each of
the multiple liquid samples is detected.

In one embodiment, the immunocomplex of step (b) is formed by: (b1) mixing a
sample solution with a dual antibody solution and a reagent solution to form a mixture,
wherein the sample solution comprises the analyte, the dual antibody solution comprises the
anti-hapten antibody covalently linked to the capture antibody, and the reagent solution
comprises the signal antibody conjugated with fluorescent labels; and (b2) dipping the probe

tip in the mixture to form the immunocomplex on the probe tip. The probe can be dipped
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immediately into the mixture when the components are added together. Alternatively, the
probe can be dipped into the mixture after the mixture is incubated for a period of time, e.g.,
30 seconds to 15 minutes.

In another embodiment, the immunocomplex of step (b) is formed by: (b1) dipping
the probe tip in a dual antibody solution comprising the anti-hapten antibody covalently
linked to the capture antibody; (b2) dipping the probe tip in a sample solution comprising the
sample; (b3) dipping the probe tip in a reagent solution comprising the signal antibody
conjugated with fluorescent labels to form the immunocomplex on the probe tip. This
embodiment is illustrated in FIG. 22.

In step (e), the guanidium chloride concentration in general is 2-8 M, or 3-7 M, or 4-6
M,eg,6 M.

The details of each step are the same or similar to those of the corresponding steps

described above in the Recycling Protocols I-111.

In all the methods described above, the reagent vessels and the amplification vessels
are optionally overlaid with a layer of mineral oil to prevent or reduce the evaporation of the
solutions in the vessels, which may increase the concentration of the signal antibody
conjugate or the amplification conjugate. In general, the solutions in the vessels have a
volume of about 50-300 pL, preferably 100-200 pL. The mineral oil layer typically has a
volume of 20-80 pL, or 30-50 uL.. Mineral oil is commonly used to minimize evaporation
and subsequent condensation in PCR sample tubes. The inventor has demonstrated that the
probe and immune complexes at the probe tip are not affected by the passage through the

mineral oil layer.

Probe Comprising an Immobilized Hapten

The present invention utilizes a probe comprising a hapten immobilized on the tip of
the probe, wherein the probe has an aspect ratio of length to width of at least 5 to 1, the
diameter of the probe tip surface is <5 mm, and the hapten does not substantially dissociate
from the probe after an acidic treatment; i.e., no more than 15%, preferably no more than 10%
or 5% of the hapten is dissociated from the probe after 1-20 cycles of the acid treatment. The
acid treatment is typically performed by dipping the probe in a low pH buftfer (pH 1-4, or 1-3,

or 1.5-2.5) for 10 seconds to 2 minutes.
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The invention is illustrated further by the following examples that are not to be

construed as limiting the invention in scope to the specific procedures described in them.

EXAMPLES

Example 1: Hapten and Fluorescent Dye Labeling

Fluorescein (F) was labeled to BSA by a standard method. Biotin (B) was linked by a
standard method to anti-procalcitonin (PCT) and anti-troponin I (Tnl), both from Hytest Ltd.
Digoxigenin (Dig)NHS (Sigma Aldrich) was reacted with BSA at a molar coupling ratio
(MCR) of 10 for 1 hour at room temperature (RT) followed by purification on a Sephadex
G25 (GE Healthcare) column. Cy5"™NHS (GE Healthcare) was reacted with either anti-PCT
antibody, anti-Tnl antibody, anti B antibody (Jackson Immunoresearch) or streptavidin
(Prozyme) at a MCR of 10 in PBS pH 7.4 for 1 hour at RT followed by G25 column
purification. AlexaFluor™647 NHS (Thermo Fisher) was labeled to anti-PCT at a MCR of
10 in PBS pH 7.4 for 1 hour at RT followed an G-24 column purification.

Example 2A: Antibody-Antibody conjugation

Linkage of anti F (Jackson Immunoresearch) to anti-PCT followed established SMCC
(succinimidyl 4-[N-malemidomethyl]cyclohexan-1-carboxylate) conjugation
chemistry(Hermanson, G.T. (2008) Bioconjugate Techniques, 2nd Ed. Academic Press, New
York. ). SMCC (Sigma Aldrich) reacted with anti F at a MCR Of 15 in PBS Ph 7.4. After 1
hour at room temperature, the antibody was purified with a G-25 column. Anti-PCT reacted
with succinimydyl 6-[3-[2-pyridyldithio]-proprionamido]hexanoate (SPDP, Sigma Aldrich) at
a MCR of 15 for 1 hour at RT in PBS pH 7.4 followed by purification by G-25. Reaction of
the anti-PCT—SPDP with dithiotheritol (DTT,Sigma Aldrich) deprotects the sulthydryl (SH)
and after removal of DTT by G-25 chromatography, the anti-PCT-SH is mixed with anti F-
SMCC and allowed to react overnite at RT. The resulting anti F-anti-PCT conjugate was
purified with a Sepharose 4B CL (GE Healthcare) column. Conjugation of anti F to anti-Tnl

and anti-Dig (Jackson Immunoresearch) to anti-PCT followed the same procedure.

Example 2B: Antibody-Antibody conjugation with FICOLL""

An alternative dual antibody conjugate of anti-hapten and anti-PCT was prepared as
follows. 2 mgs of amino FICOLL® (Skold Technology) in PBS, pH 7.4, was reacted with
SPDP (ThermoFisher) at a molar coupling ratio of 10 to 1 for 1 hour followed by an

25



10

15

20

25

30

WO 2020/206175 PCT/US2020/026466

overnight dialysis. De-protection of the thiols occurred by adding 30 pul of DTT
(ThermoFisher). After 1 hour, the material was purified on a PD10 column.

2 mgs of anti-hapten, either anti-fluorescein (Jackson Immunoresearch) or anti
digoxigennin (Thermo Fisher), were mixed with 2 mgs anti-PCT (Hytest) and reacted with
SMCC (ThermoFisher) at a molar coupling ratio of 15 to 1 for 1 hour followed by
purification on a PD10 column.

The SMMC labeled antibody mixture was reacted with the thiolated FICOLL®
overnight, then it was purified on a Sepharose CL-6B column (GE Healthcare), to prepare
FICOLL® linked with anti-fluorescein and anti-PCT. This method was also used to prepare

other dual antibody conjugates such as anti-fluorescein and anti-Tnl

Example 3: Crosslinked FICOLL" Preparation

Preparation of crosslinked FICOLL®, Cy5-anti F-crosslinked FICOLL®, and Cy5-
streptavidin-crosslinked FICOLL® followed procedures described U.S. Patent No. 8,492,139.
2 ml of FICOLL® 400 (Sigma/Aldrich) that was aminated to contain 88 amines per FICOLL®
400 kD (Skold Technology) at 20 mg/ml in PBS was added 10 pL. of SPDP (at 50 mg/ml in
DMF (N, N-Dimethylformamide). The SPDP to FICOLL® MCR was 15. The mixture
reacted for 1 hour at room temperature and followed by dialysis. Thiol incorporation was
estimated to be 5.5 per FICOLL® 400 kD by standard methods.

To deprotect the thiols on SPDP-labeled FICOLL® 400, 30 uL of DTT at 38 mg/ml
PBS was added to 20 mg in 1 ml PBS and allowed to react for two hours at room
temperature. The SH-FICOLL® was purified on a PD10 column.

SMCC was linked to aminated FICOLL® 400 (88 amines/FICOLL®) as follows:
Aminated FICOLL® 400 at 10 mg in 1 ml PBS was mixed with 25 pL. SMCC (Pierce
Chemical) at 10 mg/ml DMF for a SMCC/FICOLL® MCR of 30. The mixture reacted for 1
hour at room temperature and followed by purification on a PD10 column (GE Healthcare).

To crosslink the SH-FICOLL® 400 and SMCC-FICOLL® 400, 10 mg in 1ml PBS SH-
FICOLL® 400 was mixed with 10 mg in 1ml PBS SMCC-FICOLL® 400. The mixture reacted
for overnight at RT.

To provide linking sites for subsequent antibody or streptavidin conjugation to the
crosslinked FICOLL® 400, the residual amines were then reacted with an excess of SPDP. 20
mg of crosslinked FICOLL® 400 was mixed with 75 pL SPDP at 50 mg/ml DMF. The

mixture reacted for 1 hour at room temperature followed by dialysis versus PBS.
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The SPDP labeled crosslinked FICOLL® 400 preparations were then purified on a
Sepharose 4B CL column.
Example 4: Preparation of CyS-Anti Biotin-Crosslinked FICOLL"

CyS-anti B at 1.5 mg/ml in 1 ml PBS was mixed with 1.9 pL. SMCC at 5 mg/ml DMF
and reacted for 1 hour at room temperature followed by purification on a PD 10 column.

The thiols on crosslinked FICOLL® 400-SPDP were deprotected by adding 30 uL
DTT at 38 mg/ml to 0.7 mg crosslinked FICOLL® 400-SPDP in 1 ml PBS and reacting for 1
hour at room temperature followed by a PD 10 column to purify the crosslinked FICOLL®.

The Cy5-anti B-SMCC was mixed with crosslinked FICOLL® 400-SH and reacted
overnight at room temperature. 10 pL NEM (N-ethyl-maleimide, Aldrich) at 12.5 mg/ml was
then added and reacted for %2 hour at room temperature. The conjugate was then purified on a

Sepharose 4B CL column.

Example 5: Preparation of Cy5-streptavidin-crosslinked FICOLL"

CyS5-streptavidin (SA) at 1.5 mg/ml in 1 ml PBS was mixed with 5 uLL. SMCC at 5
mg/ml DMF and reacted for 1 hour at room temperature followed by purification on a PD 10
column.

The thiols on crosslinked FICOLL® 400-SPDP were deprotected by adding 30 uL
DTT at 38 mg/ml to 0.7 mg crosslinked FICOLL® 400-SPDP in 1 ml PBS and reacting for 1
hour at room temperature followed by a PD 10 column to purify the crosslinked FICOLL®.

The Cy5-SA-SMCC was mixed with crosslinked FICOLL® 400-SH and reacted
overnight at room temperature. 10 uLL NEM (N-ethyl-maleimide, Aldrich) at 12.5 mg/ml was
then added and reacted for %2 hour at room temperature. The conjugate was then purified on a

Sepharose 4B CL column.

Example 6: Preparation of Hapten Coated Probes

Quartz probes, 1 mm diameter and 2 ¢cm in length, were coated with
aminopropylsilane using a chemical vapor deposition process (Yield Engineering Systems,
1224P) following manufacturer’s protocols. The probe tip was then immersed in a solution
of either F-bovine serume albumin (BSA) or Dig-BSA, 30 ug/ml in PBS at pH 7.4. After
allowing the BSA to adsorb to the probe for 10 minutes, the probe tip was washed in PBS.
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Example 7: Recycle Immunoassays

Reagents and samples were assayed at 120 uL using PHS pH 7.4, 0.05% Tween 20, 5
mg/ml as buffer with 40 pL mineral oil added. Wash buffer was PBS pH 7.4, 0.05% Tween
20 at 200 uL. The probe was held stationary with the microwells stationed on an orbital
shaker platform having a Imm diameter stroke. Orbital flow was used to accelerate binding
kinetics. Protocols A, B, C and D describe details of assay binding steps, timing, flow rates
and reagent concentrations. Elution reagents were 10 mM glycine/HCI, 200 pL; anhydrous
DMSO (Sigma Aldrich) 200 pL; and anhydrous DMSO plus 0.5 mg/ml sodium borohydride
(Sigma Aldrich).

Probe recycle assay formats and assay data are presented in FIG.s 1-16. FIG. 17
illustrates the optical configuration, for detection of fluorescence on the probe tip.

Subtracting the Pre-read from the Read generates the immuno-specific signals.

Example 8: Assay Protocols

The dual antibody conjugate of Protocol A, v1 (Table 1) comprises anti-hapten
antibody and capture antibody linked together without a spacer.

The dual antibody conjugate of all other protocols in this Example (Tables 2-11)
comprise anti-hapten antibody and capture antibody linked together through a cross-linked
FICOLL® 400 spacer.

Wash= PBS with Tween-20

Table 1
Protocol A, vl
Probe: BSA-F
Step time, sec. rpm
1 10 0 Pre-read
2 180 1200 anti F-anti-PCT @ 30 pg/ml
3 30 1200 Wash
4 180 1200 PCT sample
5 30 1200 Wash
6 60 1200 Cy 5-anti-PCT @ 10 pg/ml
7 30 1200 Wash
8 10 0 Read
9 30 1200 pH 2 elution
10 10 1200 Wash
11 Returnto 1
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Table 2
Protocol A, v2
Probe: BSA-F
Step time, sec. rpm
1 10 0 Pre-read
2 180 1200 anti F-anti-Tnl @ 30 pg/ml
3 30 1200 Wash
4 180 1200 Tni sample
5 30 1200 Wash
6 60 1200 Cy S-anti-Tnl @ 10 ug/ml
7 30 1200 Wash
8 10 0 Read
9 30 1200 pH 2 elution
10 10 1200 Wash
11 Returnto 1
Table 3
Protocol A, v3
Probe: BSA-F
Step time, sec. rpm
1 10 0 Pre-read
2 180 1200 anti F-anti-PCT @ 30 pg/ml
3 30 1200 Wash
4 180 1200 PCT sample
5 30 1200 Wash
6 60 1200 AF-anti-PCT @ 10 pg/ml
7 30 1200 Wash
8 10 0 Read
9 30 1200 pH 2 elution
10 10 1200 Wash
11 Returnto 1
Table 4
Protocol A, v4
Probe: BSA-Dig
Step time, sec. rpm
1 10 0 Pre-read
2 180 1200 anti Dig-anti-PCT @ 30
pg/ml
3 30 1200 Wash
4 180 1200 PCT sample
5 30 1200 Wash
6 60 1200 Cy-anti-PCT @ 10 pg/ml
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7 30 1200 Wash
8 10 0 Read
9 30 1200 pH2 elution
10 10 1200 Wash
11 Returnto 1
Table 5
Protocol B, vl
Probe: BSA-F
Step time, sec. rpm

1 10 0 Pre-read
2 180 1200 anti F-anti-PCT @ 30 pg/ml
3 30 1200 Wash
4 180 1200 PCT sample
5 30 1200 Wash
6 60 1200 B-anti-PCT @ 5 pg/ml
7 30 1200 Wash
8 60 1200 Cy5-anti B-FICOLL® @ 10

pg/mL
9 30 1200 Wash
10 10 0 Read
11 30 1200 pH 2 elution
12 10 1200 Wash
13 Returnto 1

Table 6
Protocol B, v2
Probe: BSA-F
Step time, sec. rpm

1 10 0 Pre-read
2 180 1200 anti F-anti-PCT @ 30 pg/ml
3 30 1200 Wash
4 180 1200 PCT sample
5 30 1200 Wash
6 60 1200 B-anti-PCT @ 5 pg/ml
7 30 1200 Wash
8 60 1200 Cy5-SA-FICOLL" @ 10

pg/ml
9 30 1200 Wash
10 10 0 Read
11 30 1200 pH 2 elution
12 10 1200 Wash
13 Returnto 1
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Table 7
Protocol C
Probe: BSA-F
Step time, sec. rpm

1 10 0 Pre-read
2 180 1200 anti F-anti-PCT @ 30 pg/ml
3 30 1200 Wash
4 180 1200 PCT sample
5 30 1200 Wash
6 60 1200 B-anti-PCT @ 5 pg/ml
7 30 1200 Wash
8 60 1200 Cy5-SA-FICOLL" @ 10

pg/ml
9 30 1200 Wash
10 10 0 Read
11 60 1200 pH 2 elution
12 30 1200 Wash
13 60 1200 DMSO Elution
14 10 1200 Wash
15 Returnto 1

Table 8
Protocol D
Probe: BSA-F
Step time, sec. rpm

1 10 0 Pre-read
2 180 1200 anti F-anti-PCT @ 30 pg/ml
3 30 1200 Wash
4 180 1200 PCT sample
5 30 1200 Wash
6 60 1200 B-anti-PCT @ 5 pg/ml
7 30 1200 Wash
8 60 1200 Cy5-SA-FICOLL" @ 10

pg/ml
9 30 1200 Wash
10 10 0 Read 1
11 60 1200 pH 2 elution
12 0 0 Read 2
13 30 1200 Wash
14 60 1200 DMSO Elution
15 40 1200 Wash
16 Returnto 1
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Table 9
Protocol D-1
Probe: BSA-F
Step time, sec. rpm
1 0 0 Pre-read
2 180 1200 anti F-anti PCT
3 30 1200 PBST wash
4 180 1200 PCT sample
5 30 1200 PBST wash
6 60 1200 B-anti-PCT
7 30 1200 PBST wash
8 30 1200 Cy5-SA-cxFicoll
9 30 1200 PBST wash
10 0 0 Read 1
11 30 1200 Guanidine HCI, pH 1.6
12 0 0 Read 2
13 30 1200 PBST wash
14 60 1200 DMSO
15 30 1200 PBST wash
16 Returnto 1
Table 10
Protocol E
Probe:
BSA-F
Step | time,sec. | rpm
1 600 0 Anti F-anti-PCT+PCT+biotin-anti-PCT
2 Load F-BSA probe and start assay
3 0 0 Pre-read
4 300 1200 anti F-anti-PCT+PCT+biotin-anti-PCT
(from step 1)
5 30 1200 Wash
6 30 1200 Cy5-SA-FICOLL" @ 10 ug/ml
7 30 1200 Wash
8 0 0 Read 1
9 30 1200 pH 2 elution
10 0 0 Read 2
11 30 1200 Wash
12 60 1200 DMSO Elution
13 30 1200 Wash
14 Returnto 1
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Table 11
Protocol F
Probe:
BSA-F
Step | time,sec. | rpm

1 0 0 Pre-read
2 180 1200 anti F-anti SAA
3 30 1200 Three wash
4 180 1200 SAA sample
5 30 1200 Three wash
6 60 1200 Cy5-anti-SAA
7 30 1200 Three wash
8 0 0 Read 1
9 30 1200 Guanidine HCL pH 1.6
10 0 0 Read 2
11 30 1200 PBST
12 60 1200 DMSO
13 30 1200 PBST
14 Returnto 1

Example 9. PCT Assay Result (Protocol A, v1)

FIG. 2 shows data of PCT assays following protocol A, v1 with the fluorescein probe
format described in FIG. 1B. PCT samples from negative, 10 ng/ml and 100 ng/ml show
consistent fluorescence signals thru 10 cycles. The 100 ng/ml samples represented the
maximum signal in this PCT assay. Previous experiments showed steady increase in signal
upon each cycle, which was attributed to evaporation in the capture AB and signal AB
reagents. Since the reagent volumes were only 120 uL, aqueous evaporation likely caused an
increase in AB concentration. By adding 40 uL of mineral oil forming a layer on top of the
reagents to minimize aqueous evaporation, consistent signals were achieved as in FIG. 2. It is
remarkable that the probe tip containing immune complexes were not adversely affected by
transit of the probe tip thru the mineral oil layer.

FIG. 3 shows the data of PCT standards in the fluorescein coated probe format (FIG.
1B) with protocol A, vl. Results at each PCT level are very consistent across 10 cycles, CV
<10%. The high reproducibility of the assay indicates the method can be applied to
quantitative applications and only a single calibration curve is necessary, rather than cycle

specific calibration.
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FIG. 4 shows that the results with PCT clinical serum samples having correlation (R?
= 0.95) of the recycle assay with a commercial IVD instrument (Biomerieux Vidas). To
measure 15 samples, the Vidas used 15 test strips, while the recycle assay used a single probe
and reagent set with samples measured in random order. The recycle assay format can

tolerate biological samples and accurate results are obtainable.

Example 10. Tnl Assay Result (Protocol A, v2)
FIG. 5 presents results applying the recycle assay (Protocol A, v2) to another
immunoassay, cardiac Tnl. The format is as FIG. 1B, except capture AB was anti F linked to

anti-Tnl and signal AB was Cy5 —anti-TnlL

Example 11. PCT Assay Result (Protocol A, v3)

FIG. 7 contains data of different PCT samples up 10 cycles using the Alexa Fluor 647
labeled signal AB (Protocol A, v3). Results show that the invention can be applied to a
multitude of signal generating dyes (fluorescent and chemiluminescent). The principle of the
invention centers upon dissociation of an anti hapten antibody from a hapten coated probe
surface. The dye employed should not impact the hapten/ anti hapten disassociation since the

dye is labeled to the signal AB.

Example 12. PCT Assay Result (Protocol A, v4)
FIG. 9 presents PCT levels up to 10 cycles using the digoxiginnen format (Protocol
A,v4) results are very similar to the fluorescein probe format in FIG. 3. Results indicate the

invention can employ multiple hapten / anti hapten pairs in the probe coating.

Example 13. PCT Assay Result (Protocol B)

FIG. 11 shows PCT assays performed with the recycle format in FIG. 10 with Protocol
B, v1 using pH 2 elution. FIG.s 11 shows 3 PCT levels up to 10 cycles demonstrating
feasibility of using a labeled antibody linked to a high molecular weight polymer.

Example 14. PCT Assay Result (Protocol B, v2)
FIG. 13 shows the PCT results with the streptavidin amplification reagent using
Protocol B, v2 with pH 2 elution. The data show raising pre-read at each cycle. Subtracting

the pre-read signal from the final read signal is used to derive the PCT specific signal. In this
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case, the PCT specific signals remain constant thru 10 cycles. The data suggests that besides
PCT immune complexes additional fluorescent dye is bound on the probe surface. The likely
culprit was believed to be streptavidin since it is known to be robust where even pH 2
treatment would not inhibit its biotin binding activity. Any residual streptavidin remaining on

the probe tip after the pH 2 elution could remain active in subsequent cycles.

Example 15. PCT Assay Result (Protocol C)

FIG. 15 contains the results of the recycle assay of 3 PCT levels with the dual pH 2
and DMSO elution as in FIG. 14 using Protocol C. PCT signals remain consistent through 10
cycles with a significant reduction in pre-read signals. Although many organic solvents could
serve as suitable denaturants, DM SO would be one of the preferred choices due to its
relatively low toxicity. Consistent PCT cycles also indicates that the hapten coated probe

surface tolerates the repeated DMSO exposures.

Example 16A. PCT Assay Result (Protocol D)

FIG. 17 shows the results of the recycle assay of 3 PCT levels (0, 10, and 100 ng/mL)
by the two-read/ subtraction protocol (FIG. 16B, Protocol D). In 12 cycles, the fluorescent
signals of PCT = 0 ng/mL remain negligible (about 20-30 fluorescent units), which is
significantly lower than the results shown in FIG. 15 (between 80-110 fluorescent units after
subtraction of pre-read fluorescent signal).

FIG. 18 shows that the results with 15 PCT clinical serum samples by two-read
recycle protocol (Protocol D). The 15 samples were measured twice in the order from low
concentration to high concentration (shown as Y-axis) and from high concentration to low
concentration (shown as X-axis). The results of high to low and low to high are highly
correlated (R* = 0.9985) indicating no carry-over problem regardless the sample
concentration.

FIG. 19 shows that the results with 15 PCT clinical serum samples had high
correlation (R? = 0.98) of two-read recycle protocol (Protocol D) vs. a commercial IVD
instrument (Biomerieux Vidas). To measure 15 samples, the Vidas used 15 test strips, while

the recycle assay used a single probe and reagent set with samples measured in random order.
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Example 16B. PCT Assay Result (Protocol D-1)

FIG. 20 contains the results of the recycle assay of 3 PCT levels with the dual low pH
plus denaturant guanidine chloride (6M guanidine HCI, pH 1.6) and DMSO elution using
Protocol D-1. The protocol is similar to those described in FIG. 16B, except the first elution
was carried out in 6M guanidine hydrochloride (pH 1.6). Similar to Protocol D, PCT signals
remain consistent through 11 cycles with a significant reduction in pre-read signals.
Consistent PCT cycles also indicates that the hapten coated probe surface tolerates the

repeated denaturants guanidine chloride and DMSO exposures.

Example 17. PCT Assay Result (Protocol E)

FIG. 21 shows the data of PCT standards in the fluorescein-coated probe format (FIG.
16A) with protocol E. Sample was mixed with dual antibody anti-F-anti-PCT and signal
antibody biotin-anti-PCT first before contacting the probe. Results at each PCT level are very

consistent across 12 cycles, CV <10%.

Example 18. Serum Amyloid A (SAA) Assay Result (Protocol F)

FIG. 23 contains the results of the recycle assay of 3 SAA levels with the dual (1) low
pH plus denaturant guanidium chloride (6M guanidine. HCI, pH 1.6) elution and (i1)
denaturant DMSO elution as in FIG. 22 using Protocol F. Recombinant SAA, capture
antibody monoclonal SAA antibody (6F9) and signal antibody monoclonal SAA antibody
(8C7) were obtained from GenScript.

SAA tends to aggregate and sticks to probe. Without guanidium chloride, the pH 2
acid elution and the DMSO elution did not appear to disassociate the immune complex
substantially from the probe. The pre-read signal got progressively higher each cycle causing
the specific SAA binding signal declined upon each cycle (data not shown here).

However, the inventors discovered that by adding guanidium chloride in the acid
elution, i.e., with both (i) low pH plus denaturant guanidium chloride elution and (ii)
denaturant DMSQO elution, the pre-read signals remain low and SAA signals remain

consistent through 11 cycles (see FIG. 23).

The invention, and the manner and process of making and using it, are now described
in such full, clear, concise and exact terms as to enable any person skilled in the art to which

it pertains, to make and use the same. It is to be understood that the foregoing describes
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preferred embodiments of the present invention and that modifications may be made therein
without departing from the scope of the present invention as set forth in the claims. To
particularly point out and distinctly claim the subject matter regarded as invention, the

following claims conclude this specification.
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WHAT IS CLAIMED IS:
1. A method of detecting an analyte in multiple liquid samples comprising an analyte,
comprising the steps of:

(a) dipping a probe in an aqueous solution having pH of 6.0-8.5 to pre-read the
fluorescent signal of the probe tip, wherein the probe comprises a hapten immobilized on the
tip of the probe, and the diameter of the tip surface is <5 mm,;

(b) forming an immunocomplex comprising the analyte from a sample, a capture
antibody, and a signal antibody on the probe tip, wherein the capture antibody and the signal
antibody are two different antibodies against the analyte, the capture antibody is covalently
linked to an anti-hapten antibody against the hapten and the signal antibody is conjugated
with fluorescent labels;

(c) dipping the probe tip into a washing vessel containing a wash solution;

(d) determining the analyte concentration in the sample by measuring the fluorescent
signal of the immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of
(a), and quantitating the subtracted signal against a calibration curve;

(e) dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the
immunocomplex from the probe tip; and

(f) repeating the steps (a)-(e) except in step (b) with the analyte from a new sample,

whereby the analyte in each of the multiple liquid samples is detected.

2. The method of Claim 1, wherein the immunocomplex of step (b) is formed by:

(b1) mixing a sample solution with a dual antibody solution and a reagent solution to
form a mixture, wherein the sample solution comprises the analyte, the dual antibody solution
comprises the anti-hapten antibody covalently linked to the capture antibody, and the reagent
solution comprises the signal antibody conjugated with fluorescent labels; and

(b2) dipping the probe tip in the mixture to form the immunocomplex on the probe

tip.

3. The method of Claim 1, wherein the immunocomplex of step (b) is formed by:
(b1) dipping the probe tip in a dual antibody solution comprising the anti-hapten
antibody covalently linked to the capture antibody;
(b2) dipping the probe tip in a sample solution comprising the sample;
(b3) dipping the probe tip in a reagent solution comprising the signal antibody
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conjugated with fluorescent labels to form the immunocomplex on the probe tip.

4. The method of Claim 1, 2, or 3, wherein the acidic solution in step (e) has a pH of 1.5-
2.5.
5. The method of Claim 1, 2, or 3, where in step (e), the probe tip is exposed to the

acidic solution one time for 10 second to 2 minutes.

6. The method of Claim 1, 2, or 3, where in step (e), the probe tip is exposed to a pulse
treatment of 2-5 cycles of the acidic solution treatment followed by neutralization in the read

vessel for 10-20 seconds.

7. The method of Claim 1, 2, or 3, wherein the hapten is fluorescein, digoxiginnen, or
biotin.
8. A method of detecting an analyte in multiple liquid samples, comprising the steps of:

(a) dipping the probe tip in a dual antibody solution comprising a dual antibody
comprising an anti-hapten antibody covalently linked to a capture antibody, wherein the
capture antibody is a first antibody against the analyte, wherein the probe having a hapten
immobilized on the tip of the probe, and the diameter of the tip surface is <5 mm;

(b) dipping the probe in an aqueous solution having pH of 6.0-8.5 to pre-read the
fluorescent signal of the probe tip;

(c) dipping the probe tip in a sample solution comprising a liquid sample having an
analyte;

(d) dipping the probe tip in a reagent solution comprising a signal antibody conjugated
with fluorescent labels to form an immunocomplex comprising the analyte, the capture
antibody, and the signal antibody on the probe tip, wherein the signal antibody is a second
antibody against the analyte;

(e) dipping the probe tip in a wash solution;

(f) determining the analyte concentration in the sample by measuring the fluorescent
signal of the immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of

(b), and quantitating the subtracted signal against a calibration curve;
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(g) dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the
immunocomplex from the probe tip; and
(h) repeating the steps (a)-(g) except in step (d) with a new sample solution containing

a new sample, whereby the analyte in each of the multiple liquid samples is detected.

9. The method of Claim 8, wherein the dual antibody further comprises a second

fluorescent label different from the fluorescent label of step (d).

10. A method of detecting an analyte in multiple liquid samples, comprising the steps of:
(a) dipping a probe in an aqueous solution having pH of 6.0-8.5 to pre-read the
fluorescent signal of the probe tip, wherein the probe comprises a first hapten immobilized on

the tip of the probe, and the diameter of the tip surface is <5 mm;

(b) forming a first immunocomplex comprising the analyte from a sample, a capture
antibody, and a signal antibody on the probe tip, wherein the capture antibody and the signal
antibody are two different antibodies against the analyte, the capture antibody is covalently
linked to an anti-first hapten antibody against the first hapten and the signal antibody is
conjugated with a second hapten, the first hapten and the second hapten are different;

(c) dipping the probe tip in a wash solution;

(d) dipping the probe tip in an amplification solution comprising an anti-second
hapten antibody or streptavidin conjugated to fluorescent labels to form a second
immunocomplex comprising the analyte, the capture antibody, the signal antibody, the second
hapten, and the anti-second hapten antibody or streptavidin on the probe tip;

(e) determining the analyte concentration in the sample by measuring the fluorescent
signal of the second immunocomplex at the probe tip, subtracting the pre-read fluorescent
signal of (a), and quantitating the subtracted signal against a calibration curve;

(f) dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the
immunocomplexes from the probe tip; and

(g) repeating the same steps (a)-(f) except in step (b) with the analyte from a new

sample, whereby the analyte in each of the multiple liquid samples is detected.

1. The method of Claim 10, wherein the first immunocomplex of step (b) is formed by:
(b1) mixing a sample solution with a dual antibody solution and a reagent solution to

form a mixture, wherein the sample solution comprises the analyte, the dual antibody solution
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comprises the anti-first hapten antibody covalently linked to the capture antibody, and the
reagent solution comprises the signal antibody conjugated with the second hapten; and
(b2) dipping the probe tip in the mixture to form the first immunocomplex on the

probe tip.

12. The method of Claim 10, wherein the first immunocomplex of step (b) is formed by:
(b1) dipping the probe tip in a dual antibody solution comprising the anti-first hapten
antibody covalently linked to the capture antibody;
(b2) dipping the probe tip in a sample solution comprising the sample;
(b3) dipping the probe tip in a reagent solution comprising the signal antibody

conjugated with the second hapten to form the first immunocomplex on the probe tip.

13. The method of Claim 10, 11, or 12, wherein the amplification solution comprises an

anti-second hapten antibody conjugated to the fluorescent labels.

14. The method of Claim 10, 11, or 12, wherein the first hapten and the second hapten are

selected from the group consisting of’ fluorescein, digoxiginnen, and biotin.

15. The method of Claim 10, 11, or 12, wherein the first hapten is non-biotin, the second
hapten is biotin, and the amplification solution comprises streptavidin conjugated to the

fluorescent labels.

16. The method of Claim 10, 11, or 12, wherein the amplification solution comprises
copolymers of sucrose and epichlorohydrin bound to the conjugate of the anti-second hapten

antibody or streptavidin and the fluorescent labels.

17. A method of detecting an analyte in multiple liquid samples, comprising the steps of:
(a) dipping a probe tip in a dual antibody solution comprising a dual antibody
comprising an anti-first hapten antibody covalently linked to a capture antibody, wherein the
probe having a first hapten immobilized on the tip of the probe, and the diameter of the tip

surface is < 5 mm, the capture antibody is a first antibody against the analyte;
(b) dipping the probe in an aqueous solution having pH of 6.0-8.5 to pre-read the

fluorescent signal of the probe tip;
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(c) dipping the probe tip in a sample solution comprising a liquid sample having an
analyte;

(d) dipping the probe tip in a reagent solution comprising a signal antibody conjugated
with a second hapten to form a first immunocomplex comprising the analyte, the capture
antibody, and the signal antibody on the probe tip, wherein the signal antibody is a second
antibody against the analyte and the first hapten and the second hapten are different;

(e) dipping the probe tip in a wash solution;

(f) dipping the probe tip in an amplification solution comprising an anti-second hapten
antibody conjugated to fluorescent labels to form a second immunocomplex comprising the
analyte, the capture antibody, the signal antibody, the second hapten, and the anti-second
hapten antibody on the probe tip;

(g) determining the analyte concentration in the sample by measuring the fluorescent
signal of the second immunocomplex at the probe tip, subtracting the pre-read fluorescent
signal of (c), and quantitating the subtracted signal against a calibration curve;

(h) dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the
immunocomplexes from the probe tip; and

(1) repeating the same steps (a)-(h) except in step (c) with a new sample solution
containing a new sample, whereby the analyte in each of the multiple liquid samples is

detected.

18. A method of detecting an analyte in multiple liquid samples, comprising the steps of:

(a) dipping a probe tip into a dual antibody vessel containing a dual antibody solution
comprising an anti-hapten antibody covalently linked to a capture antibody, wherein the probe
having a hapten immobilized on the tip of the probe, wherein the diameter of the tip surface is
<5 mm, and the hapten is not biotin the capture antibody is an antibody against the analyte;

(b) dipping the probe in a pre-read vessel comprising an aqueous solution having pH
of 6.0-8.5 to pre-read the fluorescent signal of the probe tip;

(c) dipping the probe tip in a sample solution containing a liquid sample having an
analyte;

(d) dipping the probe tip into a reagent solution comprising a signal antibody
conjugated with biotin to form a first immunocomplex comprising the analyte, the capture
antibody, and the signal antibody on the probe tip, wherein the signal antibody is a second

antibody against the analyte;
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(e) dipping the probe tip in a wash solution;

(f) dipping the probe tip in an amplification solution comprising streptavidin
conjugated to fluorescent labels to form a second immunocomplex comprising the analyte,
the capture antibody, the signal antibody, the biotin, and the streptavidin on the probe tip,

(g) determining the analyte concentration in the sample by measuring the fluorescent
signal of the second immunocomplex at the probe tip, subtracting the pre-read fluorescent
signal of (b), and quantitating the subtracted signal against a calibration curve;

(h) dipping the probe tip first in an acidic solution having pH about 1.0-4.0, then in
dimethyl sulfoxide to elute the immunocomplexes from the probe tip; and

(1) repeating the same steps (a)-(h) except in step (c) with a new sample solution
comprising a new sample, whereby the analyte in each of the multiple liquid samples is

detected.

19. A method of detecting an analyte in multiple liquid samples, comprising the steps of:

(a) obtaining a probe having a non-biotin hapten immobilized on the tip of the probe,
wherein the diameter of the tip surface is <5 mm;

(b) forming a first immunocomplex comprising the analyte from a sample, a capture
antibody, and a signal antibody on the probe tip, wherein the capture antibody and the signal
antibody are two different antibodies against the analyte, the capture antibody is covalently
linked to an anti-hapten antibody and the signal antibody is conjugated with biotin;

(c) dipping the probe tip in a wash solution;

(d) dipping the probe tip in an amplification solution comprising streptavidin
conjugated to fluorescent labels to form a second immunocomplex comprising the analyte,
the capture antibody, the signal antibody, the biotin, and streptavidin on the probe tip;

(e) reading a first fluorescent signal of the second immunocomplex at the probe tip;

(f) dipping the probe tip in an acidic solution having pH about 1.0-4.0;

(g) reading a second fluorescent signal of the acid-treated probe tip,

(h) subtracting the second fluorescent signal from the first fluorescent signal, and
quantitating the subtracted signal against a calibration curve;

(1) dipping the probe tip in dimethyl sulfoxide; and

(J) repeating the same steps (b)-(i) except in step (b) with a new sample solution
comprising a new sample, whereby the analyte in each of the multiple liquid samples is

detected.
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20. The method of Claim 19, wherein the first immunocomplex of step (b) is formed by:
(b1) mixing a sample solution with a dual antibody solution and a reagent solution to
form a mixture, wherein the sample solution comprises the analyte, the dual antibody solution
comprises the anti-hapten antibody covalently linked to the capture antibody, and the reagent
solution comprises the signal antibody conjugated with biotin; and
(b2) dipping the probe tip in the mixture to form the first immunocomplex on the

probe tip.

21. The method of Claim 19, wherein the immunocomplex of step (b) is formed by:
(b1) dipping the probe tip in a dual antibody solution comprising the anti-hapten
antibody covalently linked to the capture antibody;
(b2) dipping the probe tip in a sample solution comprising the sample;
(b3) dipping the probe tip in a reagent solution comprising the signal antibody

conjugated with the biotin to form the first immunocomplex on the probe tip.

22. The method of Claim 19, 20, or 21, further comprising a step before step (b):
dipping the probe tip in an aqueous solution having pH of 6.0-8.5 to pre-read the

fluorescent signal of the probe tip, before forming the first immunocomplex on the probe tip.

23. The method of Claim 19, 20, or 21, wherein the amplification solution comprises

streptavidin conjugated to fluorescent labels and copolymers of sucrose and epichlorohydrin.

24, A method of detecting an analyte in multiple liquid samples, comprising the steps of:

(a) dipping a probe in an aqueous solution having pH of 6.0-8.5 to pre-read the
fluorescent signal of the probe tip, wherein the probe comprises a hapten immobilized on the
tip of the probe, and the diameter of the tip surface is <5 mm,;

(b) forming an immunocomplex comprising the analyte from a sample, a capture
antibody, and a signal antibody on the probe tip, wherein the capture antibody and the signal
antibody are two different antibodies against the analyte, the capture antibody is covalently
linked to an anti-hapten antibody against the hapten and the signal antibody is conjugated
with fluorescent labels;

(c) dipping the probe tip into a washing vessel containing a wash solution;
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(d) reading a first fluorescent signal of the immunocomplex at the probe tip;

(e) dipping the probe tip in an acidic solution having pH about 1.0-4.0 and containing
guanidium chloride;

(f) reading a second fluorescent signal of the acid-treated probe tip,

(g) subtracting the second fluorescent signal from the first fluorescent signal, and
quantitating the subtracted signal against a calibration curve;

(h) dipping the probe tip in a chaotropic agent different from guanidium chloride; and

(1) repeating the same steps (b)-(h) except in step (b) with a new sample solution
comprising a new sample, whereby the analyte in each of the multiple liquid samples is

detected.

25. The method of Claim 24, wherein the first immunocomplex of step (b) is formed by:
(b1) mixing a sample solution with a dual antibody solution and a reagent solution to
form a mixture, wherein the sample solution comprises the analyte, the dual antibody solution
comprises the anti-hapten antibody covalently linked to the capture antibody, and the reagent
solution comprises the signal antibody conjugated with fluorescent labels; and
(b2) dipping the probe tip in the mixture to form the first immunocomplex on the

probe tip.

26. The method of Claim 24, wherein the immunocomplex of step (b) is formed by:
(b1) dipping the probe tip in a dual antibody solution comprising the anti-hapten
antibody covalently linked to the capture antibody;
(b2) dipping the probe tip in a sample solution comprising the sample;
(b3) dipping the probe tip in a reagent solution comprising the signal antibody

conjugated with fluorescent labels to form the first immunocomplex on the probe tip.

45



PCT/US2020/026466

WO 2020/206175

1726

V1 9

BAD YoBR IR 3(0Id 95N-3Y .
312A0 Alsaa saipoqnue pue sjduies maN .

3]2A29Y
\\\\\\\\\\\\ S i \\\\\\\\\\\\\\\\\«\\
\\\ 1Dd nue-gAn \\\\\\\\
+
ajdweg
7 {d IUBISBIONY +
UGN pesy 13d tue-4 nuy pess-aid

HEYAA SIISMOIOHA
. 4
/ 7 \\ \\ y % m
@ B S ) 4 By
\ o - n
% \\ \J \\\x\\\\\ &\ W ago.d
\

10201044 10YS Aessy uoilelauaday |Dd



PCT/US2020/026466

WO 2020/206175

2126

41 'S

312AD yoea 1k pasn-al ag ued Juadest gy (eudis pue usdeas Apogiue aunydey .
2043 YoeD 1B 30Id 95N-3Y .
312A221 uodn asueLIGLISd Ul 5SO| SPIOAR 2]0AD Auaas sgoud 8yl uo gy paunider) ysaud .

30A38Y
i \\\\\\\\\\\\\\\\\\\\\\\\\\\ ccataall o e \\\\\\\\\\\\‘v\\\\\\\\\\\u\\\\
U = \\
%
7 Hd S2UBIFIONY 124 iue-gAD v 134 iue-4 juy
uapRm3 pesy qy jeudig Sjduies Apogiiue jeng pEad-9id

HEY A HSYA SHESMOIDIHA

HSYAA

\ A Y

T

L 2.

ay |eusis-gAD Aessy uoi1eI2u389Y | Dd



PCT/US2020/026466

WO 2020/206175

3/26

¢ "Dl

7 1% ; w M

% el

KCass

37 Hd:s

\\.«\‘S.‘A\tQ&S\.\\\c\\\\\ti\\\\\\.i\:& oot e

-
o
4 :

“Bireersseosiffposier G

5

i
pesg
-
a~f
P

rer 2,

2 kt.k\\m..\\\\x\\\\ \eke\%k\\\\\\\@ ross ooty ossi i i % iy

i “trssniy
4

IS ABSSY |



WO 2020/206175

on

®

PCT Std. Curve at 10 Cycles with pH 2 Elut

4/26

fe—

e I T B B B
[l BNl B B el B Sl B
—t ] i [N 1 3

S

oD
o

e

<D

S
J—
! Lot 00 cond el e
st g 3 “b <SS a5 S
— ol Qi B~ B 0 s
o - v S PSR R
e \—
)
f orem | 252
Loy -
el R < T
— S -
<> 55 <3 [on g
(7D:>
[ LS
. (W
&E= Py
oD
ool BT
Rl B | N R
~ — O e
pashr e
D D | B ] . e o) P
i b o S5 e
LS 2 .
R | T
[ ) [ ] R LD 2
o S B2 e w3 = =
pmmmansi P pmmmmnnd T Q Ez—:f —_
Pt S5 =) B
LD L2
- o P ) e
TR SR e S 25
Lo L o e ==
yamamand h I
et
- e =l
-l o5 = —
- - ~—— | 5 ———t
= —— 3| e
o
Sy e LoD
el B LS oS
e I £ ey
& P— S5
f’— - y— LT
S |
i e = D
D2 d oo =¥ -
: y oD e =
i T S5 ot =
= = " =
)
LoD
| B i’ ez ~
- SS1 ool oD
o el
T = V=) o
o2
)
ol SR e T D
R ) = - -
. - "
— ) o3

3

PCT/US2020/026466

FiG. 3



PCT/US2020/026466

WO 2020/206175

5/26

¥ Ol

’ AR

{rufdu} 3

sojdwies wnuas |esiuld g1
Aessy 3]2A29Y |Dd



PCT/US2020/026466
6/26

WO 2020/206175

5 'Ol

\\\\t.\\t\\\\t\.\o» s ‘.&(...\\t\\\x\e\e\: 2 s o ecesisss,
2 e,

Brssrs o0 st 0 cimegyeerr et G

S rrriBpors BETH IO

” i 4

s ?

w \
e,

P e P o .
o fptrereeidiprreeresilfnessrs g ey,
Heoaroserssgy,

N

Grorsereitipseeceolprecoranierss .
ey

corifpoee

IS ABSSY 9]0A23Y |U




PCT/US2020/026466

WO 2020/206175

7126

9 "Bl

30A38Y

P p . (L7

32A3 Yoes Ot
“
Py,

\\\\ mﬁ&mm MBN \\\\\\\\\\\\\H

\\\\\\\\\\\\\\

7 Hd SOUBISRUONRY  10d 1IUR-L7T 4Y ’ 134 fiue-4 juy
sjduies

UonN 3 pesy qy jeudig Apogiiue jeng pEad-9id

HEY A HSYA SHESMOIDIHA

HSYAA

. | , \ ) b B ) )
4. | B ™ | Y N B O | . B
\\\\N\\\\\\\\?\\ \\\\\\\\\\\\\S\\\\\ \\\\\\\\\\\\\\S\ \\ \\\\\\\\\\\\S\ \ \\\\\\\\\\\ \\

3q0.Id

gV |eudiS /19 4V :AeSSy UOI1eI2Ud33Y 1Dd



PCT/US2020/026466

WO 2020/206175

L9

o v o / o s F
a4 v g ’ 3 >4 ~

..................... Y i

.\.ww
o, Z
o SAL ",
Gttt s rtrs i orrrs s recors o 2. )
e x\\\\\\ Q‘\\\c\\\\\\\\\\\\\\.\\\\\\.\
15 <o < f nre e
R~ TR
A DY T

Y T Z i o T
e e i £ 3 v e
- D P P
4 7 7

s I corippessinnssy

% . P

% A irtur,, Bpeorr o, A %

i

2575 g} e lrres




PCT/US2020/026466

WO 2020/206175

9/26

8 'Ol

30A38Y

- - - - - \\\\\\\\

32A3 Yoes Ot
“
Py,

\\\\ mﬁ&mm MBN \\\\\\\\\\\\\H

1Dd nue-Big
Apogiue jeng pesd-aid

2
m
\

%
7

sjduies

Z Hd 3OUBISIONY 10d nue-gAy
UON 3 peay Oy jeusis

HEY A HSYA SHESMOIDIHA

HSYAA

Z p b % 7 \\\ . w y 7
\\\\\\\\\\\\\?\\ \\\\\\\\\\\\\\3\\\\\ \\\\\\\\\\\\\\: \\ \\\\\\\\\\\\\ \ \\\\\\\\\\\\ \\

3q0.Id

_

$S2Q0Jd UIUBZIX08I(] :ABSSY UOIIRIBUIEDY |)d



PCT/US2020/026466
10/26

WO 2020/206175

6 'Oid

vt
i
sy
W

Ao coilppore ety rrsegyy, it perne, P

4 3

.nnnN\nnn\

\.\\\

. v o porg i
W /B T 1
# i3 3 i
....................................................................................................................... e
£
Yoo Yoo Gpocei ensiipoersd ;
R e e s

. G gy
. ; , e Bpordrrredfe? g2

p P
Cersesipfrr?”?

o e,
Borrtyortt?” Ve,

\\\\z\\\\\\5\\\\\.\.\\\\\\\\\\\e.e.\\\\N W \\\\\\.\.\\\\\,\\\\\\

Gy eecpees

$900.Jd UauuidIxosdiq yum Aessy 2]0A23Y 1Dd



PCT/US2020/026466

WO 2020/206175

11/26

01 'Ol

219438y

o
W st
\\\\\\\\\\\\

W a10ko yous B
\\\\\\ aidwes me i,
W

124 jue-4 juy
sjduies Apogiue jeng peal-sld

Z Hd pesy

HSVM HSYAM G
\ i HSYM HSYAA SH3MOUOIN

e
N5

4

800id

Jusgdesy uollesijijdwy uiloig-11uy yiim Aessy ajoAsay



WO 2020/206175

PCT/US2020/026466
12126

i
o

&

FIG. 11

IR

H
cecsty

: : it
: : 5 ~
£ N : 5

N o=

e .

e
X R}
Laber &
ES
: N
= {
b N
N \
AN
it
Y N
N W
b 3
P b
e » \
C e )
& R
o .

i

R

.
ot

'
;
:

ant

PCT Recycle Assay

R
N
3
N
N
X
i
i
N
N
N
; S £
N & N
p R ]
i \§ i
= R 3
z.\.‘ } 3 -
‘ X
i
N
3
N
N
N
3 3
3 b
¥ &
SN
-
L3

Ut ttsss fpenirsrsse fypareoss Bl

s
N
N
N
§
{ 3
N 3
R e IR
D
A



PCT/US2020/026466

£1 "9id
219438y
\\\\\\\\\\\\\\\\\\\\ 2k Yoo e,
W siduwies Mo L
7
N / 1Dd 11ue-g v
& . jue- 12d fue-4 nuy
3 Z Hd peEsY gy (eudis ajdwes Apogiiue [eng peaL-aid

HSVM HSYAM G
\ i HSYM HSYAA SH3MOUOIN

.

4

.. \ Mo \ o, . \ = " N oo
.

.

WO 2020/206175

luagdeay uoliedijijdwy uipiaeldalls ylim Aessy a)2A2aYy 11d



PCT/US2020/026466

WO 2020/206175

14/26

€1 Ol

iy &
b
oo
s
"
e ;
e L84

R L %

L eeeece

’
Gpporrisreprreere

ool

s 4 _— P
T ape 95E 5¥
A 665

Gposooosrc

: OO s S

R T g \\,\\,\\\\K

®

LD rrripass

B astas i

son RO [T

3 i o 5 i 5 7
¥ pxH % % 2 b o ¥ z

g 4 ere
" H

i
\\\\.\\t«.\\w\\
s Y,
y ‘ ) —"
vl ot  svriiTpeessorceoeriitis s Bpr 7
orre

\Q\\\

i,
Tey,,
o,

\u
7

\\. 3
- S

sy ys A% o4 o
B F B Y F T

uoIn|y 7 Hd pue uonesyijdwy m%mwmwmmmwm :Aessy apAI3Y 10d



PCT/US2020/026466

WO 2020/206175

15/26

P19
\\\\\\\\\\\\\\ s z 111
o) \\
\\\ waﬁwm AMaN \\\\\\\\\x
yd eay 10214-¥S-GAD 1od ve-g ’ 10d lue-3 nuy
e ¢ i 13y dwy  Apogiiue jeusis ajdweg Apogiue jeng peatr-aid

HSYA HSY M HSYM HSYM

L

", \

.

uonni3 OSING pue z Hd yum uonesyijdwy uipiaeidas :Aessy appArsy 10d



PCT/US2020/026466

WO 2020/206175

16/26

o

51 'Ol

_ir

Gpeircssoocyoreeerersiyy.

eeilffres

Frrriirnn,, ol

o
e

A

. P p 3

s srssrseadlssrrie et B )
F resSfprr / ]
Ypoeosiroedy

\.
Y

5 roitippen. 3 rooTfors.




PCT/US2020/026466

WO 2020/206175

17726

v91 'Ol

3240 4oBD 1B BQ0Id AsN-aY .
aoAs Aloaa saipoque pue sjduwies maN .

7 beay — T peay :|020104d duipeal jeusis

\\\\\\\\\\\\\\\\ a|pAday §
>
& 13d ue-g \\\\\\\\\x
+
ajduses

Y
+

1 pesy HO214-¥S-SAD  Iduue-4 UV pesi-aig

Z peay

B HSYAM HEVAA HSYAA

HSYA

|0203104d J0YS ‘UCIIND OSIAIG pue Z Hd ‘uonesijdwy uipiaeidalis :Aessy 19d



WO 2020/206175 PCT/US2020/026466
18/26

FiG. 16B

N\
5 \
2 N \
Iy N ey
e 3 \
b N\ ] \ ie)
O ~ i} \\ o
75
- \\\\N e~ i
3 T iﬁ
- ;
£ \\\\\\\\\\\\\\ o
X s
; \\\\\ - °
e
o g —
g 4 S
o \\\\\ ) & 3 ,E?;
T . g 2 O
o £ES U -
= = QA [
= N\ 2 F > Q.
5 g £88 8 ap
= S
< Ny 2 & ©
— - W
Ty | | é_@ oo
= s g8 v
¥ E =
. \\\\\\\\ 3 50
v g & y
2 \ @ &
N b &

¥

Yy

-



PCT/US2020/026466

WO 2020/206175

19/26

LYY e e 4 rilfper.

orBrtins,, P %, o
%\\N\\\\ A B s, s st T et i B are

» :
o Wrrins,,, Sprrvearre, iy
- e .\.\.X\\\ » \\.\\\ & .\\ﬁ

o

V\.\.H:\\.‘c‘.\\.\\\v.v.v.v.v.,.\.v.v.\\xk Ly i et w

oy e r P2

j030104d Zpeay-Tpesy

uonnizl OSNA B Z Hd yum uonesyijdwy uipiaeydails sjeubig 10d



PCT/US2020/026466

WO 2020/206175

20/286

ARy

% $3c3 b v
Y Wy

{sajduwies jesiu]2 ¢T=u} USiH 01 MO SA MO 01 U3IH :jo20304d 7 peEsY-T peay

uonNig OSINGA 2 Z HA wim uonesydwy uipiaeidans



PCT/US2020/026466

WO 2020/206175

211286

{sajduwies jeaiuld §T=u) |6203104d 7 pE3Y -T PESY SA SEPIA XN3LSWOoIg

uonNi3 OSING 8 2 Hd Yyl uonesydwy uipiaeldaag



PCT/US2020/026466

WO 2020/206175

221286

0¢ "Si

Tigh e dfees

I

Benr, e onstensy H
$..$$§t\\\\\\€ 5\\S\#&%E\ESELQ\\\\\\\%\ o eLQSS:3\&@\\\\\\\\»% i

\\\\§ IS AL

% 4 e 200110001y 7" Aforasrssoes; \\\3\:\3\\\\\\\\\3\\\\:\3\3\&

UoIINd 0SNG+ 1DH suipiuens Aq j0o0j0ad Zpeay-Tpesy :Aessy 13d




WO 2020/206175 PCT/US2020/026466

- 1::("’-:’
ool R Se i o3
o il e

el I == I <
e ) oo} 23

5o D D
1 e z oy LS
S e IS5 =2 E3 ) &8
Romm 3 LCTD
SR
10000000
o) Cen
€3 pnll b= g B
mmmmmnd B D I = s
? = L
e

rem ) oeen ) R0 oo
< - -8 =3 o
R | B R — C“"Wb Sl =
<L 3D 3 — =
e | LED

B-anti PCT + Cy5-SA-F
B-anti PCT 0.25 ug/mL

P
o=
e o = =l ooss o
— R X vl RO = - s
Dl B = R S5 s
________ > S
. =
i L.
- - [ I s
. E g . R By -
T CEP Y oSt dned DN SR =
Emm taTt) Pares 22 oo
L - -
8.
— —
J— I s i 3
;‘m L sy = e P p—— £
=e ¢y gl I o IR el I TES
Eum (N
=
& o et <
~+ | e
5 s !
&
e
- LD
o = LoD oienf VO -
g =L -l N R B e P2
e ="l Py
M— R o]

Anti
)

| e
ez -
A e i Bt
i

LT S <

T - <33 S <

L eantainini 3 Nrmmmmmny




PCT/US2020/026466
24/26

WO 2020/206175

¢ "Bl

7 beay — T peay :|000104d duipeal |eusdis

\\\\\\ \\Q\\\\\\\v.\\\u\\\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\ apArey i,
p appho yoes oy
\ sjduies Man _
9f Hd 1OH
e aulpiuens yyS ue-ghy ¥ ——

ay anyden

HEYA HSYM HSY M HSYM




PCT/US2020/026466

WO 2020/206175

25/286

€ B

v

o
~

o
VR R
155 1 s e B

5 erelfppren.

b

ﬁ.\\\\\\t\iﬂv@~3\!t%ﬁ~\EEtt\ﬂ\\tt\tt\@v\\\ -~

V\\S\\{\\\\\\x

st \
‘.\\\\\&\:\\é\\\\\\\

)

\\ % % s stnss G

T

%

UoIIN® 0SNG+ T3H Bulpiuens Ag j000301d Zpeay-Tpeay :ABSSY VVS



PCT/US2020/026466
26/26

WO 2020/206175

e Ol

no-eudis

Py

Ve
PAd 7

sus| Buposlod .. ffssU

. p ~
i v

. g . AL

7
o

wiopoy jussedsuel)

~ [ISMOIaIN

&m% 1€ UOI1oala(] 20U-Isa3i0N 4



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 20/26466

A. CLASSIFICATION OF SUBJECT MATTER

IPC -
CcpPC

GO1N 33/54393, GO1N 33/547, GO1N 33/549,

BO1L 3/00, GO1N 9/10, GO1N 21/64, GO1N 21/93, GO1N 23/12, GO1N 33/543 (2020.01)

BO1L 3/0289, BO1L 3/50, GO1N 9/10, GO1N 21/64, GO1N 21/6428, GO1N 21/6486, GO1N 23/125,
GO1N 21/93, GO1N 27/3274, GO1N 30/8689, GO1N 33/533, GO1N 33/54366, GO1N 33/54386,

GO1N 33/582, GO1N 33/6857, GO1N 35/00732,

GO1N 2033/0096, GO1N 2201/127, GO1N 2021/7786, GO1N 2223/322, GO1N 2333/76

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

In 18-34

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2018/0180606 A1 (ACCESS MEDICAL SYSTEMS, LTD.) 28 June 2018 (28.06.2018), Table | 1-7, 10-16, 24-26
1; para [0025), [0026], [0032]-[0034], [0046], [0047], [0052], [0053]}, [0055), {0059], [0061],
[0066], [0067], [0073]

A US 2017/0153231 A1 (ACCESS MEDICAL SYSTEMS, LTD.) 01 June 2017 (01.06.2017), para | 1-7, 10-16, 24-26
[0032], (0039], [0047], [0049]

A US 2006/0276972 A1 (LIGHT Il et al.) 07 December 2006 (07.12.2006), para [0014], [0130], 1-7, 10-16, 24-26
[0206}, [0347], [0436], [0451)]

A WO 98/18968 A1 (DOELLGAST) 07 May 1998 (07.05.1998), pg 2, In 11-23; pg 4, In 26 to pg 5, | 1-7, 10-16, 24-26
In 8; pg 5, In 21 to pg 6, In 3; pg 10, In 6-20

A US 5,108,896 A (PHILO et al.) 28 April 1992 (28.04.1992), col 2, In 21-32; col 4, in 37-53; col 5, | 1-7, 10-16, 24-26

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E" earlier application or patent but published on or afler the international
filing date

“L” document which maz throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“O”" documentreferringto an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁlicauon but cited to understand

the principle or theory underlying the invention

" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

" document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27 July 2020

Date of mailing of the international search report

12AUG 2070

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Lee Young

Telephone No. PCT Helpdesk: 571-272-4300
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/26466

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I____J Claims Nos.

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so finked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |: Claims 1-7, 10-16, 24-26, drawn to methods of detecting an analyte in multiple liquid samples comprising an analyte,
comprising the step of: (a) dipping a probe in an aqueous solution having pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip.

Group |: Claims 8-9, 17-23, drawn to methods of detecting an analyte in multipte liquid samples, comprising the step of: (a) dipping the
probe tip in a dual antibody solution and obtaining a probe having a non-biotjn hapten immobilized on the tip of the probe.

-- Please See Supplemental Box --

i

1. D As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-7, 10-16, 24-26

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

|:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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. L International application No.
Information on patent family members PP

PCT/US 20/26466

Continued from Box No. Ill, Observations where unity of invention is lacking,

The inventions listed as Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group !l does not require a method, comprising the steps of: (a) dipping a probe in an aqueous solution having pH of 6.0-8.5 to pre-read
the fluorescent signal of the probe tip, wherein the probe comprises a hapten immobilized on the tip of the probe, and the diameter of the
tip surface is <= 5 mm; (b) forming an immunocomplex comprising the analyte from a sample, a capture antibody, and a signal antibody
on the probe tip, wherein the capture antibody and the signal antibody are two different antibodies against the analyte, the capture
antibody is covalently linked to an anti-hapten antibody against the hapten and the signal antibody is conjugated with fluorescent labels;
(c) dipping the probe tip into a washing vessel containing a wash solution; (d) determining the analyte concentration in the sample by
measuring the fluorescent signal of the immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of (a), and
quantitating the subtracted signal against a calibration curve; (e) dipping the probe tip in an acidic solution having pH about 1.0-4.0 to
elute the immunocomplex from the probe tip; and (f) repeating the steps (a)-(e) except in step (b) with the analyte from a new sample,
whereby the analyte in each of the multiple liquid samples is detected;

a method, comprising the steps of: (a) dipping a probe in an aqueous solution having pH of 6.0-8.5 to pre-read the fluorescent signal of
the probe tip, wherein the probe comprises a first hapten immobilized on the tip of the probe, and the diameter of the tip surface is <= 5
mm; (b) forming a first immunocomplex comprising the analyte from a sample, a capture antibody, and a signal antibody on the probe
tip, wherein the capture antibody and the signal antibody are two different antibodies against the analyte, the capture antibody is
covalently linked to an anti-first hapten antibody against the first hapten and the signal antibody is conjugated with a second hapten, the
first hapten and the second hapten are different; (c) dipping the probe tip in a wash solution; (d) dipping the probe tip in an amplification
solution comprising an anti-second hapten antibody or streptavidin conjugated to flucrescent labels to form a second immunocomplex
comprising the analyte, the capture antibody, the signal antibody, the second hapten, and the anti-second hapten antibody or
streptavidin on the probe tip; (e) determining the analyte concentration in the sample by measuring the fluorescent signal of the second
immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of(a), and quantitating the subtracted signal against a
calibration curve; (f) dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the immunocomplexes from the probe tip;
and (g) repeating the same steps (a)-(f) except in step (b) with the analyte from a new sample, whereby the analyte in each of the
multiple liquid samples is detected; and

a method, comprising the steps of: (a) dipping a probe in an aqueous solution having pH of 6.0-8.5 to pre-read the fluorescent signal of
the probe tip, wherein the probe comprises a hapten immobilized on the tip of the probe, and the diameter of the tip surface is <= 5 mm,
(b) forming an immunocomplex comprising the analyte from a sample, a capture antibody, and a signal antibody on the probe tip,
wherein the capture antibody and the signal antibody are two different antibodies against the analyte, the capture antibody is covalently
linked to an anti-hapten antibody against the hapten and the signal antibody is conjugated with fluorescent labels; (c) dipping the probe
tip into a washing vessel containing a wash solution;(d) reading a first fluorescent signal of the immunocomplex at the probe tip; (e)
dipping the probe tip in an acidic solution having pH about 1.0-4.0 and containing guanidium chloride; (f) reading a second fluorescent
signal of the acid-treated probe tip, (g) subtracting the second fluorescent signal from the first fluorescent signal, and quantitating the
subtracted signal against a calibration curve; (h) dipping the probe tip in a chaotropic agent different from guanidium chloride; and (i)
repeating the same steps (b)-(h) except in step (b) with a new sample solution comprising a new sample, whereby the analyte in each of
the multiple liquid samples is detected, as required by Group |.

Group | does not require a method, comprising the steps of: (a) dipping the probe tip in a dual antibody solution comprising a dual
antibody comprising an anti-hapten antibody covalently linked to a capture antibody, wherein the capture antibody is a first antibody
against the analyte, wherein the probe having a hapten immobilized on the tip of the probe, and the diameter of the tip surface is <=5
mm; (b) dipping the probe in an aqueous solution having pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip; (c) dipping the
probe tip in a sample solution comprising a liquid sample having an analyte; (d) dipping the probe tip in a reagent solution comprising a
signal antibody conjugated with fluorescent labels to form an immunocomplex comprising the analyte, the capture antibody, and the
signal antibody on the probe tip, wherein the signal antibody is a second antibody against the analyte; (e) dipping the probe tip in a wash
solution; (f) determining the analyte concentration in the sample by measuring the fiuorescent signal of the immunocomplex at the probe
tip, subtracting the pre-read fluorescent signal of (b), and quantitating the subtracted signal against a calibration curve; (g) dipping the
probe tip in an acidic solution having pH about 1.0-4.0 to elute the immunocomplex from the probe tip; and (h) repeating the steps (a)-(g)
except in step (d) with a new sample solution containing a new sample, whereby the analyte in each of the multiple liquid samples is
detected; a method, comprising the steps of: (a) dipping a probe tip in a dual antibody solution comprising a dual antibody comprising an
anti-first hapten antibody covalently linked to a capture antibody, wherein the probe having a first hapten immobilized on the tip of the
probe, and the diameter of the tip surface is <= 5 mm, the capture antibody is a first antibody against the analyte; (b) dipping the probe
in an aqueous solution having pH of 6.0-8.5 to pre-read the fluorescent signal of the probe tip; (c) dipping the probe tip in a sample
solution comprising a liquid sample having an analyte; (d) dipping the probe tip in a reagent solution comprising a signal antibody
conjugated with a second hapten to form a first immunocomplex comprising the analyte, the capture antibody, and the signal antibody
on the probe tip, wherein the signal antibody is a second antibody against the analyte and the first hapten and the second hapten are
different; (e) dipping the probe tip in a wash solution; (f) dipping the probe tip in an amplification solution comprising an anti-second
hapten antibody conjugated to fluorescent labels to form a second immunocomplex comprising the analyte, the capture antibody, the
signal antibody, the second hapten, and the anti-second hapten antibody on the probe tip; (g) determining the analyte concentration in
the sample by measuring the fluorescent signal of the second immunocomplex at the probe tip, subtracting the pre-read fluorescent
signal of (c), and quantitating the subtracted signal against a calibration curve; (h) dipping the probe tip in an acidic solution having pH
about 1.0-4.0 to elute the immunocomplexes from the probe tip; and (i) repeating the same steps (a)-(h) except in step (c) with a new
sample solution containing a new sample, whereby the analyte in each of the multiple liquid samples is detected; and ... (continued)

-- Please See Supplemental Box --

Form PCT/ISA/210 (patent family annex) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 20/26466

Continued from Box No. lil, Observations where unity of invention is lacking,

(Continued from previous Supplemental Box) ... a method, comprising the steps of: (a) dipping a probe tip into a dual antibody vessel
containing a dual antibody solution comprising an anti-hapten antibody covalently linked to a capture antibody, wherein the probe having
a hapten immobilized on the tip of the probe, wherein the diameter of the tip surface is <= 5 mm, and the hapten is not biotin the capture
antibody is an antibody against the analyte; (b) dipping the probe in a pre-read vessel comprising an aqueous solution having pH of 6.0-
8.5 to pre-read the fluorescent signal of the probe tip; (c) dipping the probe tip in a sample solution containing a liquid sample having an
analyte; (d) dipping the probe tip into a reagent solution comprising a signal antibody conjugated with biotin to form a first
immunocomplex comprising the analyte, the capture antibody, and the signal antibody on the probe tip, wherein the signal antibody is a
second antibody against the analyte; (e) dipping the probe tip in a wash solution; (f) dipping the probe tip in an amplification solution
comprising streptavidin conjugated to fluorescent labels to form a second immunocomplex comprising the analyte, the capture antibody,
the signal antibody, the bictin, and the streptavidin on the probe tip, (g) determining the analyte concentration in the sample by
measuring the fluorescent signal of the second immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of (b), and
quantitating the subtracted signal against a calibration curve; (h) dipping the probe tip first in an acidic solution having pH about 1.0-4.0,
then in dimethyl sulfoxide to elute the immunocomplexes from the probe tip; and (i) repeating the same steps (a)-(h) except in step (c)
with a new sample solution comprising a new sample, whereby the analyte in each of the muitiple liquid samples is detected; and

a method, comprising the steps of: (a) obtaining a probe having a non-biotin hapten immobilized on the tip of the probe, wherein the
diameter of the tip surface is <= 5 mm; (b) forming a first immunocomplex comprising the analyte from a sample, a capture antibody, and
a signal antibody on the probe tip, wherein the capture antibody and the signal antibody are two different antibodies against the analyte,
the capture antibody is covalently linked to an anti-hapten antibody and the signal antibody is conjugated with biotin; (c) dipping the
probe tip in a wash solution; (d) dipping the probe tip in an amplification solution comprising streptavidin conjugated to fluorescent labels
to form a second immunocomplex comprising the analyte, the capture antibody, the signal antibody, the biotin, and streptavidin on the
probe tip; (e) reading a first fluorescent signal of the second immunocomplex at the probe tip; (f) dipping the probe tip in an acidic
solution having pH about 1.0-4.0; (g) reading a second fluorescent signal of the acid-treated probe tip, (h) subtracting the second
fluorescent signal from the first fluorescent signal, and quantitating the subtracted signal against a calibration curve; (i) dipping the probe
tip in dimethyl suifoxide; and (j) repeating the same steps (b)-(i) except in step (b) with a new sample solution comprising a new sample,
whereby the analyte in each of the multiple liquid samples is detected, as required by Group II.

Shared Common Features

The only feature shared by Groups | and 1l that would otherwise unify the groups is a method of detecting an analyte in multiple liquid
samples comprising an analyte, comprising the steps of dipping the probe in an aqueous solution having pH of 6.0-8.5 to pre-read the
fluorescent signal of the probe tip, wherein the diameter of the tip surface is <= 5§ mm; forming a first immunocomplex comprising the
analyte from a sample, a capture antibody, and a signal antibody on the probe tip, wherein the capture antibody is covalently linked to an
anti-hapten antibody and the signal antibody is conjugated with fluorescent labels, biotin, or the signal antibody are two different
antibodies against the analyte; determining the analyte concentration in the sample by measuring the fluorescent signal of the
immunocomplex at the probe tip, subtracting the pre-read fluorescent signal of (a), and quantitating the subtracted signal against a
calibration curve; dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the immunocomplex from the probe tip; and
repeating the steps with the analyte from a new sample, whereby the analyte in each of the multiple liquid samples is detected.
However, this shared technical feature does not represent a contribution over prior art, because the shared technical feature is
anticipated by US 2018/0180606 A1 (Access Medical Systems, LTD.).

Access Medical Systems, LTD. discloses a method of detecting an analyte in multiple liquid samples comprising an analyte (para
[0025]), comprising the steps of dipping the probe in an agueous solution having pH of 6.0-8.5 to pre-read the fluorescent signal of the
probe tip (para [0047], [0073]), wherein the diameter of the tip surface is <= 5 mm (para [0034]); forming a first immunocomplex
comprising the analyte from a sample (para [0032), [0033]), a capture antibody (para [0033]), and a signal antibody on the probe tip
(para [0032]), wherein the capture antibody is covalently linked to an anti-hapten antibody (para [0055], the binding pair comprises
hapten and its antibody... or fluorescein and anti-fluorescein, which is a hapten and anti-hapten.), the signal antibody is conjugated with
fluorescent labels (para [0038)), biotin (para [0055]), or the signal antibody are two different antibodies against the analyte (para [0032],
{0033)); determining the analyte concentration in the sample by measuring the fluorescent signal of the immunocomplex at the probe tip,
subtracting the pre-read fluorescent signal of (a), and quantitating the subtracted signal against a calibration curve (para [0046], [0052));
dipping the probe tip in an acidic solution having pH about 1.0-4.0 to elute the immunocomplex from the probe tip (para [0032], [0044]);
and repeating the steps with the analyte from a new sample, whereby the analyte in each of the multiple liquid samples is detected (para
[0053], [0084]).

As the technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups.

Groups | and |l therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (July 2019)
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