BRIEF DESCRIPTION

[0005] Disclosed herein are novel methods for high-throughput multiplexing sample
analysis. The methods employ, e.g., a signal cycling process wherein in each cycle, a
photoreaction step allows the same signal generators, e.g., fluorophores, to be reused in the
subsequent cycle to detect additional markers, e.g., proteins. These methods can be employed,
e.g., for sequentially analyzing a biological sample to discern, among other things, the presence,
absence, concentration, and/or spatial distribution of multiple biological targets in a biological
sample. The photoreaction step can include applying an electron transfer agent, e.g., a borate salt,
and initiating a photoreaction, e.g., by irradiating the sample with visible light, to inactivate the

signal generator, e.g., fluorescent dye.

[0006] In some embodiments, advantages of the disclosed methods may include the rapid
destruction of signal in each cycle. For example, in some instances, quenching is observed in
about 20 seconds as compared to more than 15 minutes in conventional methods. In some
embodiments, the disclosed methods also may be characterized by the absence of residual
fluorescence even in high expression targets resulting, e.g., in increased signal-to-noise ratio.
Also, the disclosed methods do not damage the biological sample or its components, e.g., the
epitopes, such that the same sample may be used for many dozens of cycles. Also, in some
embodiments, when compared to direct photobleaching of fluorescent dyes, the disclosed
methods are advantageous because they do not require high power light which may damage

biological sample components.

[0006a] In a first aspect, there is provided a method of probing multiple targets in a

biological sample comprising:

(a) binding at least one probe to one or more targets present in the biological sample

including multiple targets;
(b) detecting a signal from the at least one probe bound in step (a);

(c) contacting the sample comprising the bound probe of step (a) with an electron

transfer reagent, wherein the electron transfer reagent is a borate salt represented by the

following structural formula;




R,—B——R,| M*

wherein:

heteroaryl, wherein said alkyl, alkenvl, alkynyl. arvl or heteroarvl is optionally

substituted with one or more substituents selected from the group consisting of (C1-

Chyalleyl, (C1-Chyalkoxy, (C1-Cyalkviamine, amino, hydroxvl, cvano. halogen. or nitro,

Ry is an alkvl, an alkenyl, or an akvnyl, wherein said alkyl, alkenvl, or alkynyl is

optionally substituted with one or more substituents selected from the group consisting of

Cl-Chalkyl, (C1-Cdialkoxy, (C1-Chalkylamino, amino, hvdroxvl. cvano, halogen. or

nitro, and

PPEE. . | L . . . .
M is selected from the group consisting of organic and 1norganic cations;

(d) irradiating the sample of step (¢);

(e) binding at least one probe to one or more targets present in the sample of step (d);

and
63 observing a signal from the probe bound in step (e).

[0007] In some embodiments, the present disclosure is a method of probing multiple

targets in a biological sample comprising:

(a) binding at least one probe to one or more targets present in the biological sample

including multiple targets;
(b) observing a signal from the at least one probe bound in step (a);

(c) contacting the sample comprising the bound probe of step (a) with an electron

transfer reagent;
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as the signal generator in step (e). In other embodiments, the signal generator in step (a) is

different from the signal generator in step (e).

[0027] In some embodiments, the signals observed in step (b) and step (f) are both
detectable in a single detection channel. In other embodiments, the signal observed in step (b) or

step (f) is independently detectable in different detection channels.

[0028] In some embodiments, the components of the biological sample that are different

from the probe are not significantly modified.
[0029] In some embodiments, no detectable signal is observed after step (d).

[0030] In some embodiments, the signal generator comprises a chromophore, or a

Raman-active tag.

[0030a]  In asecond aspect, there is provided a method of probing multiple targets in a

biological sample comprising:

(a) binding multiple probes to multiple targets present in the biological sample,

wherein the multiple probes include a first set of probes and a second set of probes;
(b) detecting a first set of signals from the first set of probes bound in step (a);

(c) contacting the sample comprising the bound probe of step (a) with an electron

transfer reagent, wherein the electron transfer reagent is a borate salt represented by the

following structural formula;

Ry| M*

wherein:

each Ry, Ry, and R is, independently, an alkyl, an alkenvl, an akynyl, an aryl or a

heteroaryl, wherein said alkyl, alkenyl, alkynyvl. arvl or heteroarvl is optionall




substituted with one or more substituents selected from the group consisting of (C1-

Cayalkyl, (C1-Chalkoxy, (C1-Chalkvlamino, amino, hvdroxvl. cvano. halogen. or nitro.

Ry is an alkyl, an alkenyl, or an akynyl, wherein said alkyl, alkenvl. or alkvnvl is

optionally substituted with one or more substituents selected from the group consisting of

(C1-Chyalkyl, (C1-CHyalkoxy, (C1-C)alkylamino, amino, hyvdroxyl, cvano. halogen. or

nitro, and

e . . N N . . . N
M is selected from the group consisting of organic and inorganic cations;

(d) irradiating the sample of step (c);
(e) generating a second set of signals from the second set of probes bound in step (a);
6 detecting the second set of signals.

[0031] In some embodiments, the present disclosure is a method of probing multiple

targets in a biological sample comprising:
(a) binding multiple probes to multiple targets present in the biological sample;
(b) observing a first set of signals from the first set of probes bound in step (a);

(c) contacting the sample comprising the bound probes of step (a) with an electron

transfer reagent;

(d) irradiating the sample of step (¢);

(e) generating a second set of signals from the second set of probes bound in step (a);
D observing the second set of signals.
[0032] In some embodiments, irradiation of sample in step (d) initiates a photoreaction

that substantially inactivates the signal generator by photoactivated chemical bleaching. In some
embodiments, the photoreaction comprises intermolecular electron transfer. In other

embodiments, the photoreaction comprises intramolecular electron transfer.

6a



[0033] In some embodiments, the signal generator is irreversibly modified. In some
embodiments, the signal generator is irreversibly modified by a photoreaction that inactivates the

signal generator by photoactivated chemical bleaching.

[0034] Inseme-embedimnentsa third aspect, the present disclosure is a high throughput

multiplexing biological sample analysis method, the method comprising:

a signal cycling process, wherein in each cycle, staining and imaging is followed by

applying an electron transfer reagent and irradiation of the biological sample.

[0035] In some embodiments, the method allows rapid signal cycling without

significantly modifying the components of the biological sample that are different from the probe.

[0036] In some embodiments, the present disclosure is a kit for probing multiple targets

in a biological sample comprising:
multiple probes comprising a binder coupled to a signal generator;

an electron transfer reagent that, when contacted with the signal generator, is capable of

bleaching the signal generator upon irradiation.

[0036a] In a thirdfourth aspect, there is provided a series of at least two images depicting

optically labeled biological targets wherein:

the images are obtained in the process of probing multiple targets in a biological sample,

wherein the process comprises:

(a) binding at least one optical probe to one or more targets present in the biological

sample including multiple targets;
(b) detecting a signal from the optical probe bound in step (a);

(c) contacting the sample comprising the bound optical probe of step (a) with an

electron transfer reagent. wherein the electron transfer reagent is a borate salt represented

by the following structural formula:




Rz_‘—"B—""—'R4 M+

wherein:

heteroarvl, wherein said alkvl, alkenvl, alkynvl, arvl or heteroarvl is optionally

substituted with one or more substituents sclected from the group consisting of (C1-

Chyalkyl, (C1-Chyalkoxy, (C1-CAalkvlamino, amino, hvdroxvl, cvano, halogen. or nitro

Ry is an alkyl, an alkenvl, or an akynvl, wherein said alkyl, alkenvl, or alkynyl is

optionally substituted with one or more substituents selected from the group consisting of

(C1-Cayalkyl, (C1-Chralkoxy, (C1-Chalkvylamine, amino, hvdroxvyl, cvano, halogen. or

nitro, and

M__is selected from the group consisting of organic and inorganic cations;

(d) irradiating the sample of step (c);

(e) binding at least one optical probe to one or more targets present in the sample of
step (d); and

H detecting a signal from the optical probe bound in step (e).

[0037] In some embodiments, the present disclosure is a series of at least two images

depicting optically labeled biological targets wherein:

the images are obtained in the process of probing multiple targets in a biological sample,
wherein the process comprises:

(a) binding at least one optical probe to one or more targets present in the
biological sample including multiple targets;

(b) observing a signal from the optical probe bound in step (a);

(c) contacting the sample comprising the bound optical probe of step (a) with
an electron transfer reagent;

(d) irradiating the sample of step (c);

Ta



CLAIMS
What is claimed is:
1. A method of probing multiple targets in a biological sample comprising:

(a) binding at least one probe to one or more targets present in the biologigél sample

including multiple targets;
(b) detecting a signal from the at least one probe bound in step (a);

(¢) contacting the sample comprising the bound probe of step fa) with an electron

transfer reagent;
(d) irradiating the sample of step (c);

(e) binding at least one probe to one or more targgts present in the sample of step (d);

and
0 detecting a signal from the probe bourd in step (e).

2. The method of claim 1, wherein the prob€ in step (a) comprises an optical signal

generator, and the signal observed in step (b) £s an optical signal.

3. The method of claim 2, wherein fhe probe in step (a) comprises a fluorescent signal

4, The method of claim 1, wherein irradiating the sample in step (d) is carried out in the

presence of a buffer at pH of

5. The method of clm 1, wherein irradiating the sample in step (d) is accomplished by

exposing the sample tgf light of 350 nm - 1.3 pM in wavelength.

6. The methgd of claim 5, wherein irradiating the sample in step (d) is accomplished by

exposing the sdmple to light of 400-700 nm in wavelength.
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7. The method of claim 1, wherein the electron transfer reagent is a borate salt represented

by the following structural formula:

_ =
Ry

Rz""""‘T R4 M+
Rs

wherein:

each Ry, Ry, and Rj is, independently, an alkyl, an alkenyl, an akynyl, an aryl or a
heteroaryl, wherein said alkyl, alkenyl, alkynyl, aryl or hetergaryl is optionally
substituted with one or more substituents selected from the€ group consisting of (C1-

C4)alkyl, (C1-C4)alkoxy, (C1-C4)alkylamino, amino, Hydroxyl, cyano, halogen, or nitro,

Ry is an alkyl, an alkenyl, or an akynyl, whérein said alkyl, alkenyl, or alkynyl is
optionally substituted with one or more substity€nts selected from the group consisting of
(C1-C4jalkyl, (C1-C4)alkoxy, (C1-C4)alkyldmino, amino, hydroxyl, cyano, halogen, or

nitro, and
M is selected from the group/consisting of organic and inorganic cations.

8. The method of claim 7, whereiryeach Ry, Ry, and R; is an optionally substituted aryl and

R4 is an optionally substituted alkyl.

9. The method of claim &,
unsubstituted butyl, and the

herein each R;, Ry, and Rj is unsubstituted phenyl and Ry is
rate salt is triphenylbutyl borate salt.

10.  The method of cj4im 7, wherein M" is an inorganic cation selected from the group

consisting of Li", Nayor K.
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11. The method of claim 1, wherein steps (c)-(f) are repeated one or more times.

12.  The method of claim 1, wherein the probe in step (a) and the pfobe in step (e) each
comprise a signal generator, wherein the signal generator in step (a) is different from the sigal

generator in step (e).
13. A method of probing multiple targets in a biological sample comprising:

(a) binding multiple probes to multiple targets present in the biologidal sample,

wherein the multiple probes include a first set of probes and a second/set of probes;
(b) detecting a first set of signals from the first set of probes bound in step (a);

©) contacting the sample comprising the bound probe of step (a) with an electron

transfer reagent;

(@) | irradiating the sample of step (c);

(e) generating a second set of signals from the second set of probes bound in step (a);
(f) detecting the second set of signals.

14. The method of claim 1, wherein irradjation of sample in step (dj initiates a photoreaction

that substantially inactivates the signal gepérator by photoactivated chemical bleaching.

15.  The method of claim 1, wherefn no detectable signal is observed after step (d).
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16. A high throughput multiplexing biological sample analysis method, the method

comprising:

a signal cycling process, wherein in each cycle, staining and imaging is followed by

applying an electron transfer reagent and irradiation of the biological sample.

17.  The method of claim 16, wherein the method allows rapid signal cycling witifout

significantly modifying the components of the biological sample that are different from the probe.
18. A series of at least two images depicting optically labeled biological fargets wherein:

the images are obtained in the process of probing multiple targets in a blological sample,

wherein the process comprises:

(a) binding at least one optical probe to one or morefargets present in the biological

sample including multiple targets;
(b) detecting a signal from the optical probe Bound in step (a);

(c) contacting the sample comprising thg bound optical probe of step (a) with an

electron transfer reagent;
(d) irradiating the sample of step/(c);

(e) binding at least one optigal probe to one or more targets present in the sample of

step (d); and

63 detecting a signgl from the optical probe bound in step (e).
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CLAIMS

What is claimed is:
1. A method of probing multiple targets in a biological sample comprising:

(a) binding at least one probe to one or more targets present in the biological sample

including multiple targets;
(b) detecting a signal from the at least one probe bound in step (a);

(c) contacting the sample comprising the bound probe of step (a) with an electron
transfer reagent, wherein the electron transfer reagent is a borate salt represented by the

following structural formula:

Rz'_‘—B—"‘“—RA, N[+

wherein:

each Ry, Ry, and R; is, independently, an alkyl, an alkenyl, an akynyl, an aryl or a
heteroaryl, wherein said alkyl, alkenyl, alkynyl, aryl or heteroaryl is optionally
substituted with one or more substituents selected from the group consisting of (C1-

Caalkyl, (C1-Cd)alkoxy, (C1-C4)alkylamino, amino, hydroxyl, cyano, halogen, or nitro,

Ry is an alkyl, an alkenyl, or an akynyl, wherein said alkyl, alkenyl, or alkynyl is
optionally substituted with one or more substituents selected from the group consisting of
(C1-Cd)alkyl, (C1-C4jalkoxy, (C1-C4yalkylamino, amino, hydroxyl, cyano, halogen, or

nitro, and
e P e S . . . .
M is selected from the group consisting of organic and inorganic cations;

(d)  irradiating the sample of step (¢);
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(e) binding at least one probe to one or more targets present in the sample of step (d);

and
(0 detecting a signal from the probe bound in step (e).

2. The method of claim 1, wherein the probe in step (a) comprises an optical signal

generator, and the signal observed in step (b) is an optical signal.

3. The method of claim 2, wherein the probe in step (a) comprises a fluorescent signal

generator, and the signal observed in step (b) is a fluorescent signal.

4. The method of claim 1, wherein irradiating the sample in step (d) is carried out in the

presence of a buffer at pH of 5-9.

5. The method of claim 1, wherein irradiating the sample in step (d) is accomplished by

exposing the sample to light of 350 nm - 1.3 um in wavelength.

6. The method of claim 1, wherein irradiating the sample in step (d) is accomplished by

exposing the sample to light of 400-700 nm in wavelength.

7. The method of claim 1, wherein each Ry, R,, and Rj is an optionally substituted aryl and

R4 is an optionally substituted alkyl.

8. The method of claim1, wherein each R;, R, and R; is unsubstituted phenyl and Ry is
unsubstituted butyl, and the borate salt is triphenylbutyl borate salt.

9. The method of claim 1, wherein M is an inorganic cation selected from the group

consisting of Li", Na" or K.
10.  The method of claim 1, wherein steps (¢)-(f) are repeated one or more times.

11. The method of claim 1, wherein the probe in step (a) and the probe in step (e) each
comprise a signal generator, wherein the signal generator in step (a) is different from the signal

generator in step (e).

12. A method of probing multiple targets in a biological sample comprising:
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(a) binding multiple probes to multiple targets present in the biological sample,

wherein the multiple probes include a first set of probes and a second set of probes;
(b) detecting a first set of signals from the first set of probes bound in step (a);

(c) contacting the sample comprising the bound probe of step (a) with an electron
transfer reagent, wherein the electron transfer reagent is a borate salt represented by the

following structural formula:

Ryl M*

wherein:

each Ry, Ry, and R; is, independently, an alkyl, an alkenyl, an alkynyl, an aryl or a
heteroaryl, wherein said alkyl, alkenyl, alkynyl, arvl or heteroaryl is optionally
substituted with one or more substituents selected from the group consisting of (C1-

Chalkyl, (C1-Chalkoxy, (C1-C4jalkylamino, amino, hydroxyl, cyano, halogen, or nitro,

Ry 18 an alkyl, an alkenyl, or an akynyl, wherein said alkyl, alkenyl, or alkynyl is
optionally substituted with one or more substituents selected from the group consisting of
(C1-Chyalkyl, (C1-CHalkoxy, (C1-C4)alkylamino, amino, hydroxyl, cyano, halogen, or

nitro, and
M is selected from the group consisting of organic and inorganic cations;
(d) irradiating the sample of step (c);
(e) generating a second set of signals from the second set of probes bound in step (a);

() detecting the second set of signals.
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13. The method of claim 1, wherein irradiation of sample in step (d) initiates a photoreaction

that substantially inactivates the signal generator by photoactivated chemical bleaching.
14.  The method of claim 1, wherein no detectable signal is observed after step (d).

15. A high throughput multiplexing biological sample analysis method, the method

comprising:

a signal cycling process, wherein in each cycle, staining and imaging is followed by

applying an electron transfer reagent and irradiation of the biological sample.

16. The method of claim 15, wherein the method allows rapid signal cycling without

significantly modifying the components of the biological sample that are different from the probe.
17. A series of at least two images depicting optically labeled biological targets wherein:

the images are obtained in the process of probing multiple targets in a biological sample,

wherein the process comprises:

(a) binding at least one optical probe to one or more targets present in the biological

sample including multiple targets;
(b) observing a signal from the optical probe bound in step (a);

(©) contacting the sample comprising the bound optical probe of step (a) with an
electron transfer reagent, wherein the electron transfer reagent is a borate salt represented

by the following structural formula:

Ry| M*

wherein:
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each Ry, Ry, and Rs is, independently, an alkyl, an alkenyl, an akynyl, an aryl or a
heteroaryl, wherein said alkyl, alkenyl, alkynyl, aryl or heteroaryl is optionally
substituted with one or more substituents selected from the group consisting of (C1-

Ca)alkyl, (C1-C4jalkoxy, (C1-C4jalkylamino, amino, hydroxyl, cyano, halogen, or nitro,

R4 is an alkyl, an alkenyl, or an akynyl, wherein said alkyl, alkenyl, or alkynyl is
optionally substituted with one or more substituents selected from the group consisting of
(Cl1-Cd)alkyl, (C1-Cd)alkoxy, (C1-C4)alkylamino, amino, hydroxyl, cyano, halogen, or

nitro, and
NEN N v s . . . .
M’ is selected from the group consisting of organic and inorganic cations;
(d) irradiating the sample of step (c);

(e) binding at least one optical probe to one or more targets present in the sample of

step (d); and

® observing a signal from the optical probe bound in step (e).
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