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COMPOSITE PARTICLES FOR USE IN GENERATING SPECTRALLY ENCODED
LIBRARIES OF CHEMICAL COMPOUNDS, AND METHODS OF MAKING AND
USING THE SAME

{CROSS-REFERENCE TO RELATED APPLICATIONS
{0001]  This application claims the benefit of U.S. Provisional Patent Application No.
63/592,054, filed October 20, 2023 and entitled “Composite Particles For Use In Generating
Spectrally Encoded Librarics of Chemical Compounds, and Methods of Making and Using
the Same,” the entire contents of which are incorporated by reference herein.
FIELD
{0882]  This application generally relates to hibraries of chemical compounds.
BACKGROUND
{6063}  Conventional high-throughput screening (HTS) has been used for decades to
analyze the inferactions between targets and chemical compounds. Tvpically, different
chemical compounds are placed m different wells of a nucrotiter plate, and the collection of
these compounds is referred to as an “HTS library.” An entity of interest then s placed into
the wells and incubated therein with the compound(s) within the respective wells. Each of
the wells then i3 “screened” to characterize the nature of any interaction between the entity of
mterest and the compound{(s) within that well. However, the scale of conventional HTS
screening is limited by the mirimum practical size of the individual test weils. The current
standard is 1536-well plates, so screening millions of compounds would require thousands of
plates, with high costs for consumables and reagents. Although certain HTS operations may
be implemented by robotics {which themselves may be costly}, the time required to perform a
full scroening may be quite lengthy. Accordingly. the time and expense of HT'S has limited
its practical vuplementation.
{6004]  Previously known altematives to HTS have thewr own shorteomings. For example,
DNA-encoded library (DEL) technology can be used to generate libraries with billions of
unique chemical compounds. However, selection-based screening strategics reveal only the
strongest interactions between targets and compounds. As another example, one-bead, one-
compound (GBOC) combinatorial hbraries have been encoded with DNA (OBOC-DEL) and
used in activity-based screening. However, only a subpopulation of “hits” is defined and
collected for DNA sequencing and structural deconvolution. Thus, s OBOC-DEL, the vast

majority (typically >98%) of screeming data is unguantified. The chemistries that can be used
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to build a DNA-encoded library also are limited to those which do not damage or destroy the
DNA that is used to encode the bibrary.

SUMMARY
{B005]  Examples herein provide composite particles for use in generating spectrally-
encoded hibraries of chemical compounds, and methods of making and using the same.
{#0066]  The present inventors have recognized that for drug discovery, there is a need for a
new platform for high-throughput screcuing assays that is simple to operate, can determine
whether targets respectively interact with compounds — which may number in the millions.
Among other things, the present application provides a process for synthesizing and
screening opticallv-encoded particle-based libraries of chemical origin against one or more
targets of interest.  As provided herein, the present compositions, systems, and methods
utilize composite particles which have one or more optically detectable particles within them,
and in some examples have multiple optically detectable particles within them. The optically
detectable particle(s) within a compaosite particle may emit hight at different wavelengths than
one another, to produce an emission spectrum which acts as an optical “spectral fingerprint”
from which the composite particle may be rapidly identified at any suitable point during its
use. The composite particles may be chemically elaborated so as to include one or more
corapounds, and the spectral fingerprint is recorded at each step of chemical incorporation so
that the synthetic history for each composite particle is known., When assaying the
interaction between target(s) to the chemical compound(s) coupled to respective composite
particles, the assay result and the spectral fingerprint are detected and used to informatically
link the assay result directly to the identity of the compound(s) on the respective composite
particles.
{8007}  Some examples herein provide a composite particle. The composite particle may
melude an optically detectable particle; and a network polymer gel substantially surrounding
the optically detectable particle,
{0008}  In some examples, the composite particle includes a plurality of the optically
detectable particles. In some examples, at least some of the optically detectable particles
have different emnission wavelengths than one another. In some examples, all of the optically
detectable particles have different emission wavelengths than one another. In some
examples, the composite particle includes at least three of the optically detectable particles
with different eraission wavelengths from oune ancther. fn some exanmples, the compaosite
particle includes at least six of the optically detectable particles with different emission

wavelengths from one another.
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{80081  In some examples, the optically detectable particles are randomly oriented relative
to one ancther within the network polymer gel. In some examples, the optically detectable
particles have substantially the same orientation as one another within the network polyrer
gel.

{0818]  In some examples, the optically detectable particle is configured to emit light with
a bandwidth of about 1 nm or less at full-width half~maximum (FWHM} responsive to
excitation hight. fu some cxamples, the optically detectable particle jncludes a mucrodisk
laser particle. In some examples, the microdisk laser particle has a diameter of about | ym to
about 10 ym. In some examples, the light enutted by the microdisk laser particle is near-
infrared.

{8011} Tn some examples, the optically detectable particle 18 configured to emit light with
a bandwidth of about 40 nm or less at full-width half-maximum (FWHM) responsive to
excitation light. In some oxamples, the optically detectable particle includes a CsPbBrs
Perovskite guantum dot,

{86121  In some examples, the network polymer gel inclades a chemical moiety which s
couplable to a chemical compound. In some examples, the chemical moiety is cleavable
from the network polymer gel using light, heat, or a reagent. In some exaraples, the chemical
maoiety is distubuted throughout the network polymer gel. In some examples, the chenycat
moiety is positively charged. In some examples, the chemical moiety 18 negatively charged.
In some examples, the chemical moiety is uncharged.

[6613]  Insome examples, the compostie particle further includes chemical compounds
coupled to the network polymer gel. In some examples, the chemical compounds are
cleavable from the network polvmer gel using light, heat, or a reagent. In some examples, the
chemical compounds are distributed throughout the network polymer gel. In some examples,
the chemical compounds are the same as one another. In some examples, the chemical
compounds are different than one another,

{6014}  In some examples, the optically detectable particle 1s covalently coupled to the
network polymer geb.

{8013]  In some examples, the composite particle further inchudes a carrier particle having
an outer surface. The optically detectable particle is coupled to the outer surface of the
carrier particle. The network polymer gel substantially surrounds the carrier particle and the
optically detectable particle coupled to the carrier particle. In some examples, the composite
particle includes a plurality of the optically detectable particles coupled to the outer surface of

the carrier particle. In some examples, the carrier particle includes a polymer or a glass. In
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some examples, the carrier particle has a different composition than the network polymer gel.
In some examples, the carrier particle has the same composition as the network polymer gel.
In some examples, the camier particle has a diameter of between about | ym and about 20 pm
m water at pH 7. In some examples, the carrier particle has a diameter of between about 3
wm and about 15 pm in water at pH 7. In some examples, the carrier particle has a diameter
of between about 1 um and abowt 5 m in water at pH 7. In some examples, the composite
patticle is at least about 100 nm larger than the carrier particle i water at pH 7. fo some
examples, the optically detectable particle is coupled to the carrier particle via a covalent
bond. In some examples, the optically detectable particle i3 coupled to the carrier particle via
anon-covalent bond. In some examples, the composite particle further includes at least one
additional carrer particle having an outer surface; and an additional optically detectable
particle coupled to the outer surface of the at least one additional carrier particle. The
network polymer gel substantially surrounds the at least one additional carrier particle and the
additional optically detectable particle coupled to the at least one additional carrier particle.
[8816]  In some examples, the compostte particle has a diameter of between about | pm
and about SO pm i water at pH 7. In some examples, the composite particle has a diameter
of between about 10 pum and about 30 pm in water at pH 7. In some examples, the composite
particle has a diameter of between about 5 pm and about 20 pm in water at pH 7.

Some examples herein provide a collection of the composite particles of any of the above
statements.

{0017} In some examples, cach of the compostte particles of the collection mcludes a
plurality of the optically detectable carner particles. At least some of the optically detectable
particles of that plurality may have different emission wavelengths than one another. The

o some examples, a majority of the composite particles of the collection have different
spectral fingerprints than one another, In some examples, over 80% of the composite
particies of the collection have different spectral fingerprinds than one another.

{6018}  In some cxamples, the compostie particles of the collection respectively include
substantially the same number of optically detectable particles as one another. In some
examples, the composife particles of the collection respectively include between two and ten
of the optically detectable particles.

{0019 Iu some examples, the composite particles of the collection respectively include

different numbers of optically detectable particles than one another. In some examples, the
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composite particles of the collection respectively include between two and ten of the optically
detectable particles.

{8026} 1o some examples, a majority of the composite particles of the collection
respectively mnclade the same number of carrier particles as one another. In some examples,
the composite particles of the collection respectively include one to three of the carrier
particles.

{8021}  In some cxamples, a composition includes the collection of the composite particles
of any of the above statements suspended in an agueous solvent. In some examples, a
composition includes the collection of the composite particies of any of the above statements
suspended in an organic solvent.

{B022]  Some examples herein provide a method of making a composite particle. The
method may include substantially surrounding an optically detectable particle with a network
polymer gel. In some examples, substantially sarrounding the optically detectable particle

gcl mcludes: forming a droplet including a crosslinker, an initiator,

with the network polymer
and the optically detectable particle; and using the imtiator to polymerize the crosshnker to
form the network polvmer gel within the droplet.

{6623}  In some examples, the droplet further mchudes a non-functional monomer, or a
functional monomer, and the inttiator polvmerizes the crosslinker, non-functional monomer,
or functional monomer together with the monomer fo form the network polymer gel within
the droplet. In some examples. the initiator includes a photo-initiator, and using the tnitiator
to polymerize the monomer includes trradiating the droplet with hight. In some examples,
forming the droplet includes suspending the optically detectable particle in a solution
mchuding the monomer and the mittator. In some examples, forming the droplet includes
encapsulating a defined volume of the solution in an otl/surfactant mixture using a
microfluidic junction. In some examples, forming the droplet includes foroung an emulsion
with the solation and an oil/surfactant mixtore.

{3024}  In some examples, the method further includes substantially surrounding at least
one additional optically detectable particle with the network polymer gel. 1o some examples,
the optically detectable particle and the at least one additional optically detectable particle are
randomly oriented relative to one another within the network polymer gel. In some
examples, the optically detectable particle and the at least one additional optically detectable
particle have substantially the same onientation as one another within the network polymer

gel.
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[8025]  In some cxamples, the optically detectable particle is coupled to a chemical
moiety, the method including coupling the chemical motety to the network polymer gel. In
some exaraples, the chemical rooiety 1s covalently coupled to the network polymer gel. Tn
some examples, the chemical moicty includes a component of the network polymer gel. In
some examples, the method further includes couphing the chemical moicty to the optically
detectable particle.

{8026}  In some cxamples, the method further includes coupling the optically detectable
particle to an outer surface of a camier particle; and substantially surrounding the camer
particle, with the optically detectable particle coupled thercto, with the network polvmer gel.
In some examples, the method further includes coupling a plurality of additional optically
detectable particles to the outer surface of the carrier particle. In some examples, the carrier
particle inchudes a polymer or a glass. In some examples, the carrier particle has a different
composition than the network polvmer gel. In some examples, the carrier particle has the
same composition as the network polyvmer gel. In some examnples, the optically detectable
particle 1s coupled to the camner particle via a covalent bond. In some examples, the carrier
particle 1s coupled to a first chemical moiety and the optically detectable particle ts coupled
t a second chemical moiety, the method meluding covalently coupling the first chemical
maiety to the second chenical moiety to form the covalent bond. In some examples, the
method mchides coupling the first chemical moiety to the carrier particle. In some examples,
the method includes coupling the second chemical moicty to the optically detectable particle.
In some examples, the optically detectable particle is coupled to the carder particle via a non-
covalent bond. In some examples, the non-covalent bond includes an 1onic bond. In some
examples, the optically detectable particle 1s negatively charged, and the carrier particle s
positively charged. In some cxamples, the optically detectable particle is positively charged,
and the camner particle 1s negatively charged.

{8027} In some examples, the optically detectable particle 1s configured to emit hight with
a bandwidth of about 1 nm or less at full-width half~maximum (FWHM} responsive to
excitation light. In some examples. the optically detectable particle includes a microdisk
laser particle. In some examples, the optically detectable particle is configured to emit light
with a bandwidth of about 40 nm or less at full-width halfmaximum (FWHM) responsive to
excitation hight. In some examples, the optically detectable particle includes a CsPbBrs
Perovskite quantum dot.

[B028]  Some examples herein provide a library of chemical compounds. The library may

wclade composite particles. The compostte particles respectively may include a plurality of
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optically detectable particles; a network polymer gel substantially surrounding the optically
detectable particles; and a chemical compound coupled to the network polymer gel. The
coraposite particles of a furst group of the composite particles inchude the same chemical
compound as one another. The compostie particles of a second group of the composite
particles include the same chemical compound as one another and a different chemical
compound than that of the first group of composite particies.

{06625}  In some examples, the chemical compound is covalently coupled to the vetwork
polymer gel. In some examples, the chemical compound is non-covalently coupled to the
network polvmer gel. In some examples, the chemical compound is adsorbed to the network
polymer gel.

{6038 In some examples, the composite particles of the first group of composite particles
wclade a first plurality of different chemical compounds. In some examples, the composiie
particies of the sccond group of composite particles include a second plurality of different
chemical compounds, wherein the chemical compounds of the first plurality arc at least
partially different than the chenucal compounds of the second plurality. In some examples,
the first plurality of different chemical compounds inchides between two and four different
chemical compounds.

{6031}  In some examples, the chemical compound 15 distributed throughout the network
polymer gel.

{98032}  In some examples. the chemical compound is cleavable from the network polymer
gel using light, beat, or a reagent.

{86331  In some examples, the optically detectable particles are configured to emit light
with a bandwidth of about I nm or less at full-width half-maximoem (FWHM) responsive to
excitation hight. In some examples, the optically detectable particles mehude microdisk laser
particles.

{B034]  In some examples, the optically detectable particles are configured to et hight
with a bandwidth of about 40 nm or kess at full-width half-maximnim (FWHM) respounsive o
excitation light. In some examples, the optically detectable particles mclude CsPbBu
Perovskite quantum dots.

{8635}  In some examples, the optically detectable particles are randomly ortented relative
to one another within the network polymer gel. In some examples, the optically detectable
particles have substantially the same orientation as onc another within the network polymer

gel.
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{8036]  In some examples, the optically detectable particles are covalently coupled to the
network polvmer gel.

{6637} 1o some exanmples, the composite particles respectively further nclude a carner
particle having an outer surface. The optically detectable particles may be coupled to the
cuter surface of the carrier particle. The network polymer gel may substantially surround the
carrier particle and the optically detectable particle coupled to the carrier particle. In some
exaraples, the optically detectable particles respectively are coupled to the carrier particle via
covalent bonds. In some examples, the optically detectable particles respectively are coupled
o the carrier particle via non-covalent bonds. In some examples, the composite particles
respectively further include at least one additional carrer particle having an outer surface;
and a plurality of additional optically detectable particles coupled to the outer surface of the
at least one additional carrier particle. The network polvmer gel substantially surrounds the
at least one additional carrier particle and the additional optically detectable particles coupled
to the at least one additional carrier particle.

[8638]  Some examples herein provide a method of generating a library of chemical
compounds. The method may melude irradiating a collection of composite particles with
excitation hght. The composite particles of the collection respectively include a plarality of
optically detectable particles; and a network polymer gel substantially surrounding the
optically detectable particles. The method may include respectively obtaming emission
spectra from the optically detectable particles of the composite particles. The method may
include coupling chemical compounds to the composite particles by coupling the chenucal
compounds to the network polvmer gels of the composite particles. The composite particles
of a first group of compostte particles are coupled to the same chemical compound as one
another. The composite particles of a second group of composite particles are coupled to the
same chemical compound as one another. The cherical compound coupled to the fust group
of composite particles is different than the chemical compound coupled to the second group
of composite particles. The method may include, for respective compuosite particles of the
collection, storing, in a data structure, (i} identifiers for the compostte particles which are
based on the respectively obtained emission spectra, and (31} identifiers for the chemical
compounds which respectively are coupled to those composite particles.

{6639}  In some examples, coupling the chemucal compounds to the composite particles
mnelades (a} dividing the collection of composite particles mio subsets; and (b} for respective
subsets formed wn operation (1}, coupling a chemical moicty o the network polyvmer gel of

the composite particles of that sobset to form a modified subset. In some examples, the
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chemical moiety coupled to the network polymer gel of the composite particles of a first one
of the subsets ts different than the chemical moiety coupled to the network polymer gel of the
corapostte particles of a second one of the subsets. In some examples, the chenical moiety
coupled to the network polymer gel of the composite particles of a first one of the subsets is
the same as the chemical moiety coupled to the network polvimer gel of the composite
particies of a second one of the subsets.

{060408]  In some cxamples, dividing the collection of composite particles nto subsets
mechudes: using a flow cytometer to dispense a first subset of the composite particles of the
collection mto a first reservoir; and using the flow cytometer to dispense a second subset of
the composite particles of the collection into a second reservoir.  In some examples, dividing
the collection of composite particles into subsets further mcludes counting composite
particles as they flow through the flow cytometer and into the first reservoir, wherein the
composite particles are dispensed into the first reservoir until a predetermined number of the
composite particles are dispensed into the first reservoir. Afier the predetermined number of
the composite particles are dispensed nto the first reservoir, the composite parficles are
dispensed into the second reservoir until a predetermined number of the composite particles
are dispensed into the first reservoir. In some examples, the composite particles are counted
using the emission spectra.

{B041]  In some examples, the coliection of composite particles is manaally divided nto
respective reservoirs to form the subsets.

{6642}  In some examples. the method further includes, for the composite particles of
respective subsets formed in operation (a): irradiating the composite particles of that subset
with excrtation Hight; respectively obtaiming the emission spectra from the optically detectable
particles of the composite particles of that subset; and using the emission spectra to identify
the composite particles of that subset using the stored wdentifiers. In some examples, the
emission spectra from the optically detectable particles of the composite particles of that
subset are obtained one at a ime as the composite particles flow through a channel. In some
exarples, the emuission spectra from the optically detectable particles of the compostte
particles of that subset are obtained before that subset of particles is formed. In some
examples, the emission spectra from the optically detectable particles of the composite
particies of that subset are obtained after that subset of particles is formed.

{0043}  In some examples, for the composite particies of respective subsets formed mn

operation {(a}, the identifier for the chemical compound which is coupled fo those composite
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patticles includes an identifier for the chemical moicty which is coupled to the network
polvmer gel in operation {b}.

{0044] 1o some examples, the method further includes (¢) pooling the modified subsets of
operation (b) to form a modified collection of composite particles. In some examples,
coupling the chemical compounds to the composite particles further includes: {d} dividing the
modified colection of compuosite particles of operation {¢) into subsets: and {¢) for respective
subsets formed in operation {(d), coupling a chemical moiety to the to the chemical moicty
which was coupled to the network polvmer gel in operation (b} to form a modified subset.
{0845]  In some examples, the method further includes, for the composite particles of
respective subsets formed in operation (d): rradiating the composite particles of that subset
with excitation light; respectively obtaining the emission spectra from the optically detectable
particles of the composite particles of that sabset; and using the emission spectra to identify
the composite particles of that subsct using the stored identifiers.

{6046]  In some examples, for the composite particles of respective subsets formed in
operation {d}, the identifier for the chemical compound which is coupled to those composites
particle inclades {1) an identifier for the chemical moiety which is coopled to the network
polymer gel in operation (b} and (1) an identifier for the chemical moiety which is coupled in
operation {¢} to the chemical moiety which was coupled to the network polyvmer gel in
operation (b).

{86471 In some examples, the method further includes repeating operations {c) through (¢}
for the modified collection of compostie particles. In some examples, operations (¢} through
(¢} are repeated between one and five times. In some examples, operation (b) and the
repeated operations {¢} through {¢} buld {i} the chemical compound coupled to the composite
particles of the first group of composite particles, and (1) the chemical compound coupled to
the composite particles of the second group of composite particles.

{B048]  In some examples, coupling the chemical compounds to the compostie particles
includes using a condition, solvent, or reagent which is incompatible with DNA.

In some cxamples, the chemical compound is covalently coupled to the network polymer gel.
In some examples, the chemical compound is non-covalently coupled to the network polymer
gel. In some examples, the chemical compound 1s adsorbed to the network polymer gel.
{6649}  In some examples, the composite particles of the first group of composite particles
mehade a first plurality of different chemical compounds. In some exaraples, the composite
particles of the second group of composite particles includes a second plurality of different

chemical compounds, wherein the chemical compounds of the first plurality are at least
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partially different than the chemical compounds of the second plurality. Tn some examples,
the first plurality of different chenucal compounds nchudes between two and four different
chemical compounds.

{B056]  Tn some examples, the chemical compound 1s distributed throughout the network
polymer gel.

{98051}  In some examples, the chemical compound is cleavable from the network polymer
gel using light, heat or a rcagent.

{86521  In some examples, the identifiers for the composite particles which are based on
the respectively obtained emission spectra inchude lists of wavelengths having peaks n the
CINISSION spectra.

{0833] o some examples, the identifiers for the composite particles which are based on
the respectively obtained emission spectra include bits representing wavelengths having
peaks in the emission spectra.

{0054}  In some examples, the identifiers for the chemical compounds which respectively
are coupled to those composite particles include a chronelogical description of chenucal
reactions performed using those composite particles.

{6655}  In some examples, the identifiers for the chemical compounds which respectively
are coupled to those composiie particles include tokens chronologically representing
chemical reactions performed using those composite particles

{B656]  In some examples, the optically detectable particles are configured to emit light
with a bandwidth of about I nm or less at full~width balf-maximuwmn (FWHM) responsive o
excitation hight. In some examples, the optically detectable particles include microdisk laser
particles.

{8657}  In some examples, the optically detectable particles are configured to emit hight
with a bandwidth of about 40 nyo or less at full-width half~-maximum (FWHM) responsive to
excitation light. In some examples, the optically detectable particles include CsPbBrs
Perovskite quantum dots.

{6088}  In some examples, the optically detectable particles are randomly oriented relative
to one another within the network polymer gel. In some examples, the optically detectable
particles have substantially the same orientation as one another within the network polymer
gel.

{0059]  In some examples, the optically detectable particles are covalently coupled to the

network polymer gel.

11~



WO 2025/085861 PCT/US2024/052134

[8068]  In some examples, the compostte particles respectively further ncluding a carnier
particle having an cuter surface, wherein the optically detectable particles are coupled to the
outer surface of the cammer particle; and the network polyvmer gel substantially surrounds the
carrier particle and the optically detectable particle coupled to the carrier particle. In some
examples, the optically detectable particles respectively are coupled to the carrier particle via
covalent bonds. in some examples, the optically detectable particles respectively are coupled
to the carrier particle via non~covalent bonds. In some examples, the composite particles
respectively further include at least one additional carmer particle having an outer surface;
and a plosality of additional optically detectable particles coupled to the outer surface of the

at feast one additional carer particle. The network polymer gel substantially surrounds the

Q
at least one additional carrier particle and the additional optically detectable particles coupled
to the at least one additional carrier particle.

{8061}  Somec oxamples herein provide a method of detecting binding between different
chemical compounds and a target. The method may nclude incubating a first target with a
collection of composite particles. The composite particles of the collection may mclude a
plurality of optically detectable particles; a network polymer gel substantially sarrounding the
optically detectable particles; and a chemical compound coupled to the network polvmer gel.
At least some of the composite particles include the same chemical compound as one anocther.
At least some of the composite particles inclade different chemical compounds than one
another. The first target binds differently to different ones of the chemical compounds. The
method may include removing unbound first target from the collection of composite particles.
The method may include irradiating the composite particles of the collection, with the first
target bound to different ones of the chemical compounds, with excitation light. The method
may include obtaining emission spectra from the optically detectable particles of respective
conaposite particles. The method may include obtaining signals respectively indicating
whether the first target binds to the chemical compounds of respective composite particles,
The method may include using the emission spectra and the signal to (i) identify the chemical
compound which is coupled to at least some of the composite particies and (i) determine
whether the first target binds to that chemical compound.

{8062} In some examples, the first target is labeled with a probe before the incubating.
{6663}  In some examples, the method further includes, after the first target binds
differently to different ones of the chemical compounds, {abeling the first target with an
affinity reagent that is labeled with a probe. In some examples, the method further includes,

after the first target binds differently to different ones of the chemical compounds, incubating
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the first target with an unlabeled primary affinity reagent, then labeling the unlabeled primary
affinity reagent with a secondary affinity reagent that is labeled with a probe.

{B8064] 1o some examples, the composite particies are irradiated with a first wavelength of
light that stimulates the emission spectra of the optically detectable particles. In some
examples, the composite particles are irradiated with a second wavelength of light that
stinadates fluorescence which gencrates the signal indicating whether the first target binds to
the chemical comapounds of respective composite patticles. fo sore exanples, the composite
particles are irradiated with the first and second wavelengths of light at different times than
one another. In some examples, the composite particles are irradiated with the first and
second wavelengths of hight at the same time as one another,

{0865] o some examples, the emission spectra and signal are obtained concurrently with
one another. In some examples, the emission spectra and signal are obtained at different
times than one another.

[6066]  In some examples, the method further includes incubating a second target with the
collection of composite particles. The second target binds differently to different ones of the
chemical compounds. The method may inchede removing unbound second target from the
collection of composite particles; and obtaining signals indicating whether the second target
binds to the chemical compounds of respective composite particles. In some cxamples, the
collection of composite particles is incubated concarrently with the first target and the second
target. In some examples, the signals include fluorescence. and fluorescence from the first
target is at a differcnt wavelength than fluorescence from the second target.

{8667} In some examples, the emission specira, the signals, or both the emission spectra
and the signals, are obtained while the composite particles are static. In some examples, the
cmission spectra, the signals, or both the emission spectra and the signals, are obtained while
the composite particles are flowed through an mspection point.

{B068]  In some examples, the signals are optical.

{6069} Some examples herein provide a spectral fingerprint system for categorizing a
pluorality of composite particles suspended in a fluid. Each compostte particle includes a
plurality of optically detectable particles and a network mesh polymer substantially
surrounding the optically detectable particles. The system may mchide an optical excitation
systerm; an optical detector; a flow cell; at least one memory storning instructions; and at least
one processor configured to execute the instructions to perform operations. The operations
may include flowing the composite particles in the fluid through the flow cell; exciting the

composite particles in the flow cell with light from the optical excitation system; reading, by
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the optical detector, a spectral fingerpring of each composite particle excited by the light; and
generating, using the spectral fingerprint of each composite particle, a composite particle
wlentity of that conposite particle.

{B076]  Tn some examples, the optical excitation system includes a laser,

{8071} In some examples, at least some of the optically detectable particles of each
composite patticle inchude different emission wavelengths than one another. The spectral
fingerprint of cach composite particle is based on the different emission wavelengths of the
optically detectable particles of that composite particle.

{68721 In some examples, a majority of the composite particles have different spectral
fingerprints than one another.

{80731 In some examples, the composite particles respectively include between two and
ten of the optically detectable particles.

{06074]  In some cxamples, at least some of the flow cell is positioned in an optical path
between the optical excitation system and the optical detector.  Tun some examples, the step of
reading, by the optical detector, the spectral fingerprint of each composite particle excited by
the light includes measuring an IR emission orthogonal to an excitation beam of the optical
excitation sysiom.

{80751 1o some examples, the at least one processor further is configured to execute the
mstnictions to perform operations including: physically sorting the plurality of composite
particies into a plurality of subsets. In some examples, the step of physically sorting is based
on the spectral fingerprints of the composite particles of the plurality. In some examples, the
step of physically sorting is based on dielectrophoresis. In some examples, the step of
physically sorting 18 based on clectrophorests.

{8676}  In some examples, a microfluidic device of the flow cell is coupled to the optical
detector, wherein a plurality of subsets includes a main subset sorted by the optical detector
sequentially detecting the spectral fingerprint of each compostte particle. The at least one
processor further may be configured o execute the instructions o perform operations
mchuding: dispensing, by the microfluidic device and based on characteristics of the spectral
fingerprint, each of the plurality of compostte particles into individual tubes or wellsin a
microplate.

{6677} In some examples, the system further includes a composite particle dispenser. The
at feast one processor further may be configured to execute the instructions to perform

operations including: outputting, by a composite particle dispenser, the plurality of composite

14



WO 2025/085861 PCT/US2024/052134

patticles through an optical beam of the excitation laser system and into a plarality of
collection vesscls based on a user-defined population size.

{6678}  Tun some examples, the system further includes a compostie particle dispenser. The
at least one processor further may be configured to execute the wmstructions to perform
operations including: outputting, by the composite particle dispenser, the plurality of
composite particles through an optical beam of the excitation laser systern and into a phurality
of colicction vessels based on a counted number of composite particles. Tn some examples,
the plurality of collection vessels include 96 vessels.

{68791  In some examples, the optical detector includes a laser particle detector and an
assay result detector.

{B080] o some examples, the optical detector includes an infrared (IR) detector.

{3081]  In some examples, the system further inclades a plurality of assay lasers
downstroam of the excitation laser system and upstroam of an imterrogation point. In some
exaraples, the optical detector meludes a laser particle detector, a forward scatter detector, a
side~scatter detector, and a plurality of assay result detectors. In some examples, a bandpass
filter 1s positioned upstream of each respective assay result detector. In some examples, a
dichroic mirror is positioned upstream of cach respective assay result detector. In some
examples, a dichrote mirror is positioned between cach respective assay laser and the
mterrogation point. In some examples, an enussion collection lens and a plurality of dichroic
mirrors are positioned between the interrogation point and the side-scatter detector.

{6082}  In some examples, the at least one processor further is configured to execute the
mstractions to perform operations including sorting by: determining, based on a side scatter
of beams of the plurality assay lasers detected by the side-scatter detector, a relationship
between the number of optically detectable particles present in a respective composite
particle and a magnitude of the side-~scatier for anv beam of the plurality assay lasers as the
respective composite particle moves through the interrogation point; and sorting, based on the
relationship, the plurality of composite particles into the phurality of subsets.

{6083}  In some examples, the at least one processor further is configured to execute the
nstractions to perform operations including sorting by determining a sort bin based on a side
scatter value of the beams of the plurality assay lasers detected by the side-scatter detector;
and separating, based on the side-scatter value, at least one of the composite particles of the
plurality of compostte particles of the sort bin from a rest of the plurality of coraposite
particles. In some examples, the at least one processor further is configared to exccute the

mstructions to perform operations including: apon mterrogating a respective composite
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patticle and placing the respective composite particle into the sort bin, then transmitting a
signal to one or more clectrodes within and/or adjacent a channel of the flow cell based on
detected clectrophoretic or dielectrophoretic properties so that the respective composiic
particle is deflected into a separate output. In some examples, the at least one processor
further 1s configured to execute the mstructions to perform operations incheding: upon
interrogating a respective composite particle and placing the respective composite patticle
iuto the sort bin, transmitting a signal to one or more magnets within and/or adjacent a
channel of the flow cell based on detected magnetic properties so that the respective
composite particle 1s deflected into a separate cuiput.

{0084}  To some examples, the flow cell includes an interrogation point at which the optical
excitation system sequentially excites the coraposite particles and the optical detector
sequentially reads the spectral fingerprints of the composite particles. In some examples, the
flow cell includes a fhuidic circuit to transport a plurality of composite particle compartments
to the interrogation point.

[06083]  In some examples, the at least one processor further is configured to execute the
mstractions to perform operations including: analyzing the spectral fingerprint of the
composite particle of the subset at every stage of compound exposure thereby establishing an
informatic link between the compound associated with that subset and the composite particle
wdentity of each composite particle of that subset.

{B686]  In some examples, the at least one processor further is configured to execute the
instractions to perform operations including: comparing each spectral fingerprnt to a registry
mchuding a plurality of known spectral fingerpnints that pertain to composite particles with a
desired chemical matter; and separating those compostte particles including one or more
spectral fingerprints matching a desired one or more compounds from a plurality of
coraposite particles.

{B087]  In some examples, the at least one processor further i1s configured to execute the
instrctions to perform operations including sorting, based on the spectral fingerprint, by
creating the subscts based on a detected link between the spectral fingerprint and a composite
particle wdentity of a specific compound.

{6088}  In some examples, the at least one processor further is configured to execute the
mstractions to perform operations including creating a plurality of subsets based on a
predicted Hink between the spectral fingerprint and a composite particle identity of a specific
compound, the predicted link being determined by a machine leaming model trained based on

training data that includes spectral data of the composite particles, a phurality of compounds,
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and output variables representing compound hbrary data sets. In some examples, the
maching learning model incorporates at least one of linear regression, kemel ridge regression,
logistic regression, neural networks, supportt vector machine (SVM), decision tree, hidden
Markov model, Bavesian network, a Gram-Schmidt process, reinforcement-based learning,
cluster-based leamng, hierarchical clustering, genetic algorithm, or combination thereof.
{068%]  In some examples, the system includes a flow cytometer.  In some examples, the
flow cytometer is IR cnabled.

[8693]  In some examples, the system includes a fluorescence-activated cell sorting
(FACS) instrument, wherein the plurality of subsets inchides a main subset sorted by the
FACS mstrument sequentially detecting an ernission spectrum of the spectral fingerprint of
cach composite particle. In some examples, the FACS instrument is IR enabled.

{3091]  In some examples, the at least one processor further 1s configured to execute the
mstructions to perform operations including: dentifying, by the FACS fostrument, a munber
of the optically detectable particles in cach composite particle; and separating, based onthe
number of optically detectable particles, those composite particles of the plurahity of
composite particle including fower than 3 predetermined mumber of optically detectable
particles from the main subset.

{B092] 1o some examples, the at least one processor further is configured to execute the
mstrictions to perform operations including: identifying, by the FACS instrument, a number
of optically detectable particles in each composite particle; and separating, based on the
mumber of optically detectable particies, those composite particles of the plurality of
composite particle including more than a predetermined number of optically detectable
particles from the main subset.

{8093} In some examples, the at least one processor further is configured to execute the
mstructions to perform operations including: identifving, by the FACS strument, a number
of unique peak maxima present in the emission spectrum.

{6094}  In some examples, the at least one processor further is configured to execuie the
mstructions to perform operations ncluding: dentifying, by the FACS instrurnent, a number
of optically detectable particles in cach compostte particle; and dispensing, by a thudic
system and based on the namber of optically detectable particles or the spectral fingerprint,
cach of the plurality of composite particles ito individual tubes or wells in a microplate, and
wherein each separate vessel or well 15 associated with specific subset of the plurality of

subsets. In some examples, the microplate includes 96 vessels or wells,
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[0693]  In some examples, the main subset includes approximately 10° to 10° composite
particles present in solution at a concentration of approximately 10° to 10° composite
particles per millduer.

{B096]  Tn some examples, the at least one processor further is configured to execute the
mstructions to perform operations including: upon determining if a composite particle of the
plurality of composite particles ncludes a mumber of optically detectable particles falls within
a gate, executing a sort evertd so that the compostic particle within the gate 1s automatically
physically removed from the main subset and mnto a subset defined by the gate.

{08977  In some examples, the optically detectable particles emit ight with a bandwidth of
about | nm or less at full-width half-maxioum (FWHM) respousive to excitation by the
beam of the excitation laser svstem.

{3098]  In some examples, the excitation laser system inclades an infrared (IR} laser.
{06099]  In some cxamples, the spectral fingerprint includes an optical response of cach

gether.

optically detectable particle 1n a respective composite particle when sumned to
[8108]  In some examples, the at least one processor further is configured to exccute the
mstractions to perform operations including: detecting, by the optical detector, characteristics
of the spectral fingerprint of cach composite particle; removing, from a main subset of the
plurality of subsets, one or more composite particles mcluding an abundance of non-unique
spectral characteristics.

{#181}]  Some examples herein provide a method for categorizing a plurality of composite
particles suspended in a fluid. Each composite particle may mclude a plurality of optically
detectable particles and a network mesh polymer substantially surrounding the optically
detectable particles. The method may tnclade flowing the composite particles i a fluid
through a flow cell. The method may include exciting the composite particles in the flow cell
with hight from an optical excitation systera. The method may include reading, by an optical
detector, a spectral fingerprint of cach composite particle excited by the hight. The method
may include generating, using the spectral fingerprint of each composite particle, a composite
particie wdentity of that composite particle.

8162]  In some examples, the step of reading, by the optical detector, the spectral
fingerprint of each composite particle excited by the hight includes measuring an IR emission
orthogonal to an excitation beam of the optical excitation system.

{0103}  In some examples, the method further includes physically sorting the plurality of
composite particles into a plurality of subsets. In some examples, the method further

mcludes, after cleaving one or more compounds off the plarality of composite particles in
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cach subset, then detecting, by an ultra-performance hquid chromatography system or a high-
performance liquid chromatography system coupled to a mass spectrometry system or
tandera mass spectroructyy system, a corapound identity, a purity and/or a synthetic vicld of
the plurality of composite patticles. In some examples, the step of physically sorting s based
on the spectral fingerprints of the composite particles of the phurality. In some examples, the
step of physically sorting is based on dielectrophoresis. In some examples, the step of
physically sorting is based on electrophoresis.

{8104}  In some examples, a microfluidic device of the flow cell 1s coupled to the optical
detector, the flow cell including a channel 10 microfiugdic device, wherein a plurality of
subsets includes a main subset sorted by the optical detector sequentially detecting the
apectral fingerprint of cach composite particle. The method further may include dispensing,
by the microfluidic device and based on charactenistics of the spectral fingerpring, each of the
plurality of composite particles into individual tubes or wells in a microplate.

{6105}  In some examples, the method further includes outputting, by the composite
particle dispenser, the plurality of composite particles through an optical beam of the
excitation laser system and into a plarality of collection vessels based on a counted namber of
composite particles. In some examples, the method further includes, upon subsets containing
those composite particles of the plurality of composite particles with the same chemical
meorporation history being output in separate vessels of the plurality of collection vessels. In
some examples, the method further includes cleaving one or more compounds from the
plurality of composite particles in cach collection vessel.

{8106}  In some examples, the method further includes determining, based on a side scatter
of beams of a plurality of assay lasers detected by a side-scatter detector, a relationship
between the number of optically detectable particles present in a respective composiic
particle and a magnitude of the side-scatter for any beam of the plurality of assay lasers as the
respective composite particle moves through an interrogation point, the plurality of assay
lasers being downstream of the excitation laser svstem and upstream of the mterrogation
point; and sorting, based on the relationship, the plurality of coraposite particles wto the
plurality of subsets.

{81071  In some examples, the method further inclades determining a sort bin based on a
side scatter value of beams of a plurality of assay lasers detected by a side-scatter detector;
and separating, based on the side-scatter value, at least one of the composite particles of the
plurality of composite particles of the sort bin from a rest of the plurality of composite

particles. In some examples, the method further inclades, apon mterrogating a respective
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composite particle and placing the respective composite particle into the sort bin, then
transmiting a signal to one or more electrodes within and/or adjacent a channel of the flow
cell based on detected electrophoretic or dielectrophoretic properties so that the respective
composite particle is deflected mto a separate output.

{108}  In some examples, the method further includes, upon interrogating a respective
composite particle and separating the respective composite particle into the sort bin,
transmitting a signal to onc or more magnets within and/or adjacent a channel of the flow cell
based on detected magnetic properties so that the respective composite particle 1s deflected
nto a separate output.

{6109}  In some cxamples, the method further includes analyzing the spectral fingerprint of
the composite particle of the subset at every stage of compound exposure thereby cstablishing
an informatic link between the compound associated with that sabset and the composite
particle identity of cach composite particle of that subset.

{0119}  In some examples, the method further includes analyzing the spectral fingerprint of
the plurality of composite particles to cstablish an informatic link between a respective
compound and the composite particle identity of respective composite particles of the
plurality of composite particles.

{6111} In some cxamples, the method further includes detecting, by matrix-assisted laser
desorption/iomzation-time of flight (MALDI-TOF)} mass spectrometry (MS}), a compound
identity, a purity and/or a synthetic vield of the plurality of composite particles.

{6112} o some examples, the method further includes comparing each spectral fingerprog
to a registry including a plurality of known spectral fingerprints that periain to composite
particles with a desired chemical matter; and separating those composite particles including
one or more spectral fingerprints maiching a desired one or more compounds from a plurality
of composite particies.

{0113]  In some examples, the method further includes sorting, based on the spectral
fingerprint, by creating the subsets based on a detected link between the spectral fingerprint
and a composite particle identity of a specific compound.

{8114}  In some examples, the method further inclades creating a plurality of subsets based
on a predicted link between the spectral fingerprint and a composite particle identity of a
specific compound, the predicted link being determined by a machine leamning model trained
based on traming data that includes spectral data of the corapostte particles, a plurality of

compounds, and output variables representing compound hibrary data sets.
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{81151  In some examples, the method further ncludes separately collecting each subset,
after the step of pooling a plurality of subsets where each subset has been exposed to one or
more corapounds and then releasing the one or more compounds from a tespective composite
particle.

{#116]  In some examples, the method further inchudes identifving, by a FACS instrument,
a number of the optically detectable particles in each composite particle; and separating,
based on the number of optically detectable particles, those composite particles of the
plurality of composite particle including less than a predetermined number of particles from
the main subset.

{8117} In some cxamples, the method further includes identifyving, by a FACS wnstrument,
anumber of optically detoctable particles i cach composite particle; and separating, based on
the number of optically detectable particles, those composite particles of the plurality of
composite particke mchuding more than a predetermined number of optically detectable
particles from the main subset.

{8118}  In some examples, the method further inclades identifying, by a FACS instrument,
a number of optically detectable particles tn each composite particle; and dispensing, by a
fluidic system and based on the number of optically detectable particles or the spectral
fingerprint, cach of the phurality of compaosite particles into individual tubes or wells ina
microplate, and wherein each separate vessel or well is assoctated with specific subset of the
plurality of subsets.

{6119}  In some examples, the method further includes, upon determining f a composite
particle of the plurality of composite particles mcludes a number of optically detectable
particles falls within a gate, exccuting a sort event so that the composite particle within the
gate is automatically physically removed from the main subset and into a subset defined by
the gate.

{0128]  In some examples, the method further meludes detecting, by the optical detector,
charactenistics of the spectral fingerprint of each composite particle; removing, from a main
subset of the plurality of subsets, one or more compostic particles including an abundance of
non-unigue spectral charactenstics.

{8128}  Some examples herein provide a spectral fingerprint system for categorizing a
plurality of composite particles, the system may mchude an optical excitation system
configured to exciic the composite particles with light; a flow cell configured to permit
flowing of the composite particles suspended in a thud; and an optical detector configured to

read a spectral fingerprint of cach composite particle excited by the light. The system also
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may include a control system configured to control (a) flow of the composite particles in the
fluid through the flow cell, (b} excitation by the optical excitation system of the composite
particles in the flow cell with light from the optical excitation system; (¢} reading by the
optical detector of a spectral fingerprint of each composite particle excited by the light; and
(d) gencrating, based on the spectral fingerprint of each composite particle, a composite
particle wdentity of that composite particle.

{0122}  Sowme examples herein provide a method for generating a compound library fora
plurality of composite particles. Each composite particle may include a plurality of optically
detectable particles and a network mesh polymer substantially surrounding the optically
detectable particies. The method may include reading, by the optical detector, a spectral
fingerprint of each composite particle excited by the light; and storing, in a data structure of
the compound lbrary, an identifier for each composite particle based on the spectral footprint
and an identifier for the one or more different compounds coupled to that composite particie.
{0123} In some examples, the method further includes dispensing the plurality of
composite particles into a plurality of subsets based on a number of detected optically
detectable particles. In some examples, the method further inclodes exposing cach subset of
a plurality of subsets to one or more compounds to associate that subset with one or more
different comapounds. In some exaraples, the step of exposing includes: dividing the plurality
of composite particles into a plurality of subsets; coupling, for cach subset, 3 chemical motety
to the polymer of the composite particles of that subset to form a modified subset; and
pooling the modified subsets to form a modified collection of composite particles.

{6124}  In some examples, the method further inclodes establishing, by a machine leaming
model, an mformatic link between the chemical compound and the identifier for sach
composite particle, the machine leaming model having been trained based on the data
structure and training data that includes spectral data of the composite particles, the plurality
of compounds that have been coupled, and output variables representing compound library
data sets; and storing the informatic link in the data structure of the compound library. In
some examples, the machine learning model incorporates at least one of linear regression,
kemel ridge regression, logistic regression, neural network, support vector machine (SVM),
decision tree, hidden Markov model, Bayesian network, a Gram-Schondt process,
reinforcement-based learing, cluster-based learning, hicrarchical clustering, genetic
algorithm, or combination thercof.

{125]  Some examples herein provide a method for categonzing a plurality of composite

particles suspended in a fluid, each composite particle mclading a plarality of optically
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detectable particles and a network mesh polymer substantially surrounding the optically
detectable particles. The method may include causing the composite particles to flow mto a
flow cell and be trradiated by an optical beam one-by-one in the flow cell resulting in
detection of a spectral fingerprint and a composite particle count. The method may inclade
dispensing a plurality of groups of the composite particles into separate vessels based on a
composite patticle count. The method may include changing vessels when the composite
particle count reaches a predetermined threshold and then causing a counting operation to
restart. The method may include recording a vessel destination for each composite particle in
a spectral fingerprint registry. The method may include incorporating a different chemical
entity onto the respective group of the composite particles in each respective vessel. The
method may include pooling together the composite particles in each vessel. The method may
mclade repeating steps (a} to (£} after cach successive meorporating of the different chemical
entity.

[6126]  Some examples herein provide a method for categorizing a plurality of composite
particles suspended in a fluid. Each composite particle may include a plurality of optically
detectable particles and a network mesh polymer substantially surrounding the optically
detectable particles. The method may include dispensing a plurality of groups of the
composite particles tnto separate vessels. The method may include mceorporating a different
chemical entity onto the respective group of the composite particles in gach respective vesscl.
The method may include, for each vessel, causing the composite particles to flow into a flow
cvtoreter and be irradiated one-by-ane by an optical beam in a flow cell resulting
detection of a spectral fingerprint. The method mayv mclade collecting an output of the
composite particles from all runs in a single vessel thereby creating a spectral fingerpring

registry comprising spectral fingerprints of each group of the plurality of groups for the

successive incorporating of the different chemical entity.
BRIEF DESCRIPTION OF DRAWINGS
{01277 FIGS. 1A-1E schematically tllustrate example composite particles.
[8128]  FIGS. 2A-2C schematically Hustrate example operations for generating composite
particles.
{6128}  FIGS 3A-3D schematically llustrate example operations for generating composiic
particles.
{#138]  FIGS. 4A-4C schematically iHhustrate example operations for generating composite

particles including carrier particles.
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{81311  FIGS. SA-5E schematically iltustrate example operations for gencrating composite
particles including carrier particles.

{0132]  FIGS. 6A-6C schematically thustrate example operations for gencrating composite
particles including carrier particles.

{3133]  FIGS. 7TA-7B schematically tustrate example compositions that may be used in a
composite particle or carrier particie.

{0134}  FIGS. 8A-8B schematically illustrate example compositions that may be used n a
composite particle or carrier particle.

{0135}  FIGS. 9A-9C schematically ilustrate operations and structures for use in
generating subsets of composite particies including different numbers of optically detectable
particles than one another,

{3136]  FIGS. 10A-10D schematically iHlustrate operations and stractures for ase in
generating subsets of composite particles including difforent numbers of optically detectable
particies than one another.

{81377  FIG. 1 schematically illustrates an example compostte particle to which a
chemical compound is coupled.

{6138}  FIG. 12 schematically illustrates an example composite particle to which different
chemical cornpounds are coupled.

{#139]  FIGS. 13A-13C schematically illustrate example operations for coupling chemical
compounds to a composite particle using serial addition of chemical moieties.

{6146}  FIGS. 14A-14C schematically dlustrate example operations for generating a
spectrally encoded chemical library.

{8141}  FIGS. 15A-13D schematically illustrate example reaction schemes which may be
used to gencrate a spectrally encoded chemical library.

{6142}  FIGS. 16A-15C schematically illustrate examople binding assays that may be
performed using a composite particle coupled to a chemical compound.

{6143}  FIG. 17 schematically tllustrates an example binding assay that may be performed
using a compostie particle coupled to different chemical compounds.

{8144}  FIG. 18 schematically illustrates the optical components of an example optical
system for identifying composite particles and detecting the respective results of binding
assays performed using those particies.

{0145]  FIG. 19 1s a computer architecture diagram showing a general computing system
for implementing aspects of the present disclosure in accordance with one or more

embodiments described herein.
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[8146]  FIG. 20A illustrates an example method for combinatonal one~bead-multiple-
compound synthesis.
{0147}  FIG. 208 iHustrates another example raethod for combinatonal one-bead-multiple-
compound synthesis.
{3148}  FIG. 21 iflustrates a montage of tmages of example SpectraGel beads {embedded
with Lase Particles (LPs}) produced in Example 1 captured using Attune Cyipix.
{6149]  FIG. 22 illustrates scanoing clectron micrographs (SEMs) of example blank beads
{left} and example LP-embedded beads (right} in both dark-scanning modes {fop) and bright-
scanning modes {bottom). Arrows point to LPs.
{61506}  FIG 23 illustrates a lustogram of LP incorporation in a | million-bead sample.
{#181]  FIG. 24 illustrates characterization of biotin and acetylated beads i the presence
of fluorophore-labeled streptavidin.
{#152]  FIG. 25 illustrates characterization of biotin and acetylated beads in the presence
of fluorophore-labeled streptavidin,
{81831  FIG. 26 llustrates fluorescence response with increasing concentrations of labeled
streptavidin,

DETAILED DESCRIPTION
{0154}  Examples herem provide composite particles for use in generating spectrally
encoded hibraries of chemical compounds, and methods of making and using the same.
{3155}  The composite particles provided herein may be used to generate and optically
encode libraries of compounds, without the need for DNA as is used in OBOC-DEL.
Described herein, among other things, are the composite particles themselves, methods of
making such particles, methods of gencrating spectrally encoded libraries using such
particles, and assay formats that can be used to screen the library and generate quanditative
assay results for any suitable Hibrary subset.
{0156]  Inamanner such as described i greater detail below, the present composite
particles may encapsulate optically detectable particles. The composite particles may be
synthesized from appropriate monomers and the optically detectable particles. Each optically
detectable particle produces a measurable optical response intrinsic to that optically
detectable particle, and the optically detectable particles may be separable into a series of
bins defined by their respective optical responses. The composite particles may be separated
mnto subsets {or groups} using an instrument (svstem) that records the spectral fingerprint of
each composite particle — that is, the sum of the optical emissions from the optically

detectable particles within that composite particle — when generating the subsets. Hach subset
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of composite particles may be coupled to a single compound or a small set of compounds,
¢.g., between two and foar different chemical compoands. The compound(s) may be coupled
to respective composite particles 1n any suttable mauner, ¢.g., via adsorption. covalent
attachment, or covalent attachment of a first portion (moiety} of the compound followed by
synthesis of the remaining portions of the compound. Each subset of composite particles thus
contains a number of composite particles which are coupled to a compound(s). The
mwformatic Lok (spectral fingerprint) between the compaosite particle and the identity of the
compound {or portion thereof} is recorded and tracked at appropriate time(s) before, afler,
and/or during coupling of the compound to the composite particles of a given subset.
Dnfforent subsets of composite particles are coupled to different compounds than one another,
and the resulting collection of subsets may be referred to as a “library.”

{31571 In a manner such as also described below, the hibrary may be screened in an assay
that can detect the activity of the compound(s} coupled to respective composite particles
against one or more targets of interest. Such activity may include the compound binding to
the target and/or may include the compound changing fumctional activity of the target. For
cach composite particle in the library being screened, a signal associated with the assay result
is detected and recorded. The spectral fingerprint of each composite particle in the library
being screcned also is detected and recorded. The signal and the spectral fingerprint are used
to informatically link the assayv result to the identity of the composite particle — and thus to
the wdentity of the compound(s} coupled to that composite particle. To validate the identity of
the compound{s) and/or the result of the assay, an nstrument may be used to sort the
composite particles inio subsets with specific compounds, using their spectral fingerprints
and the carlier-gencrated informatic links between spectral fingerprints of the composite
particles and the compound(s) coupled to those particles. The different subsets may be
collected separately, and the compound(s} may be released from the composite particles {e.g.,
via cleavage of a cleavable linker) and analvzed by standard analviical techmigues.

{6158}  The compounds in OBOC-DEL libranies are bound to beads using a photo-
cleavable linker and are cleaved off into a droplet container with appropriate assay reagents.
A screen for assay activity in the droplet containers is performed, and droplets that satisfv a
certain assay threshold are sorted and collected. The eollected DNA-encoded beads are
deconvoluted 1n bulk. The structures of compounds on hit beads i an OBOC-DEL screen
arc deconvoluted by sequencing the DNA tags via NGS afier the assay 1s completed and hits
have been curiched. It 1s not commercially practicable to link the compound on any given

bead to the corresponding assay result because cach sorted bead would need to be
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individually collected and then individually sequenced. This task would be meredibly tedious
and low-throughput. As recognized by the present inventors, such bulk deconvolution of
OBOC-DEL beads misses the opportunity to obtaun the structure-activity identity (SAl) of the
compounds which are coupled to those beads. Furthermore, OBOC-DEL beads are often
simply lost daring liguid-handling steps associated with bead collection, bead processing, and
PCR amplification for next-generation sequencing {NGS) of the encoding DNA coupled
thereto. Still further, a scparate set of solution phase reactions may be needed fo vahdate the
screeming hits observed using OBOC-DEL beads. As recognized by the present inventors,
atilizing optically detectable particles instead of DNA to encode the compounds coupled to a
coraposite particle establishes an SAT informatic link because the compounds coupled to that
composite particle may be decoded simultaveously with assay detection.
[3158]  Indecd. the presently disclosed subject matter describes an ultra-high throaghput
technology which may be used to generate and/or screen one-bead-one~-compound (OBOC)
spectrally encoded libraries and/or one-bead-multiple-compound (OBMC) spectrally encoded
hibraries. In particular, the present subject matter may be used to generate the SAT of the
entire chemical space which s screened. Using the present spectral encoding may
significantly increase the rate of identifying screening hits relative to OBOC-DEL.
Additionally, the present spectral encoding offers greater than 99% data coverage, whereas in
OBOC-BEL the vast majority (typically >98%:) of screening data cannot be attnbuted to a
specific compound. Accordingly, the presently disclosed subject matier is expected to enable
focused and discovery libraries to be screened with vastly enhanced matching precision
(>90%) than may be obtained vsing OBOC-DEL. The present spectral encoding easily
allows for more efficient and less operationally intense screens than may be used with
OBOC-DEL. Because the present spectral encoding does not rely on DNA for encoding, it is
comapaiible with expanded chemistries which allow greater access to chemical space. Todeed,
the present DNA-free approach using spectrally encoding libraries also allows any target that
binds to or acts on DNA or RNA (nucleases, helicases, transcription factors, etc.) 1o be
screened.
[8168]  First, some teoms used herein will be explamed. Then, further details regarding the
present composite particles, and the preparation and use thereof, will be provided.

Terms
{0161}  As used herein, the teom “compostie particle” 1s fntended 1o refer 1o a particle that
melades a network polvmer gel and at least one optically detectable particle. A composite

particle optionally also may inclede one or more other components, such as one or more
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carrier particles and/or one or more chemical compounds. In examples in which the
composite particle 1s coupled to one or more chemical compounds {e.g., where the one or
more chemical compounds are coupled to the network polymer gel of that composite
particle), the composite particle equivalently may be said to include those chemical
compound(s}.

{#162]  As used herein, the term “network polymer gel” is intended to refer to a polymer
where individual strands are connected by a crosslinker moiety {producing a strand junction)
using covalent bonds, capable of swelling in water and organic solvenis. A network polymer
gcl also may include a chemical moiety, such as a moiety that may be used to couple a
chemical compound to the network polymer gel. For further detatls of network polymer gels,
see Danielsen et al,, “Molecular Characterization of Polyioer Networks,” Chem Rev. 121{(8):
5042-5092 (2021}, the entire contents of which are incorporated by reference herein.

{0163} As used herein, the term “optically detectable particie™ is intended o referto a
particle that, when irradiated with excitation light, emits light.

[8164]  As used herein, the term “mucrodisk laser particle” refers to an optically detectable
particle that includes a disk-shaped core which is made from direct bandgap monocrystalline
semiconductor material(s), with diameter on the order of about 1-10 pm. A microdisk laser
particle may cmit single-mode light having a bandwidth of about 1 nm or less at full-width
halfemaximom (FWHMj), e.g.. about 0.4 nm at FWHM, in the infrared portion of the
spectrum, ¢.g., from about 700 nm to about 3300 nm. Optionally, a microdisk laser particle
may include a shell that surrounds the core and is formed from a different material than the
core. Hlustratively, the shell may include silica (504},

{8165}  As uvsed herein, the term “Perovskite quantum dot” 18 intended to referto a
nanoscale semiconductor crystal made from, or including, a metal trhalide perovskite
maternial such as CsPhBr.

{#166]  As used herein, the term “chemical library™ 18 intended to refer to a collection of
different chemical compounds. The chemical compounds of a chemical library respectively
may be coupled to particles, in which case the chemical compounds may be referred to as
“supported.”

{8167}  As used herein, the term “binding” 1s intended to refer to one or more
intermolecular interactions that bring two clements into contact with one another. Such
mtermolecular interaction{s) may include any combination of covalent bonds, iou-dipole
miteractions, hydrogen bonds, dipole-dipole interactions, ion-induced dipole interactions, and

London dispersion forces.
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[8168]  As used herein, the term “target” is intended to refer to any entity of brological
origin that modalates its behavior or function upon binding of an endogenous or exogenous
tigand (e.g., drug). Nonlimiting exaraples of targets include DNA, RNA, proteins, cells,
organelles, and viruses.
{B169]  Asused hercin, a “probe” is intended to refer to an element that can produce an
optical signal from which binding between a chemical compound and a target can be
detected. Nonlimiting examples of probes melude fluorophore dves, fluorescent proteins,
chromophore dyes, a catalviic DNA, RNA or enzyme wosking 1n concert with a fluorogenic
or chromogenic substrate, quantum dots, or other types of mnorganic nanoparticies that
produce optical signals.
{3176]  As uscd herein an “affinity reagent” 1s intended to refer to an element that binds
selectively etther to a target {in which case the affinity reagent may be referred o as a
“primary affinity reagent} or to another affinity reagent (in which case the atfinity reagent
may be reforred to as a “secondary affinity reagent”}. Nounlmmiting examples of affinity
reagents mnclude antibodies, antibody fragments, nancbodies, monobodies, proteins, peptides,
peptidomimetics, oligonucleotide aptamers, DARPing, Affimers, Avimers, Knottins, affinity
clamps, or antibody mimetics. Affinity reagents may, in some examples, bind to a native
cpitope of the target or another affinity reagent, or may bind to a non-native epitope that bas
been added to the target or other affinity reagent.
{0171} By “assay reagent” it is meant an clement that produces a measurable signal that is
proportional 1 magoitude to the activity of a target.
{81721 By “activity” of a target it is meant the rate of target function.

Compaosite particles, and methods of making the same
{8173}  Some examples herein provide a composite particle. The composife particle may
melude an optically detectable particle; and a network polymer gel substantially suwrrounding
the optically detectable particle. The present composite particles may have any of a variety
of configurations, some nonlinmiting examples of which now will be described with reference
to FIGS. 1A-1E. Example methods of making such particles will be described further below
with reference (o FIGS. 2A-2C, 3A-30, 4A-4C, 5A-5F, 6A-6C, TA-7B, and 8A-8B.
{8174}  Tuming now to FIGS. 1A-1E, example composite particles 10 are schematically
iflustrated. Although composite particles 10 may be described in the context of generating
and using 3 library of chemical compounds, it should be appreciated that the composite
particles are not so hmited. Indeed, the present composite particles may be used in a variety

of other suitable contexis.
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{8178}  FIG. 1A illustrates an example composite particle 10 which includes network
polymer gel 110 and at least one optically detectable particle 120 which is substantially
surrounded by the network polymer gel 110, In some examples, composite particle 10
melades a plurality of the optically detectable particles 120, At least some of the optically
detectable particles 120 within composite particle 10 may have different emission
wavelengths than one another, and 1n some examples all of the optically detectable particles
have different eraission wavelengths than one another. THustratively, particle 10 may melude
at least three optically detectable particles 120 with different enussion wavelengths from one
another, or at least six optically detectable particles 120 with different emission wavelengths
from one anotber. In the nonliniting example illustrated in FIG. 1A, the optically detectable
particles 120 are randomly oriented relative to one another within the network polymer gel
110, ¢.g., have orientations which are not related o one another in any predetenmined
manncr. Altematively, in the nonlimiting example illustrated 10 FIG. 1B, the optically
detectable particles 120 have substantially the same orientation as one another within the
network polvmer gel 110, For example, the optically detectable particles 120 may have
planar major surfaces, and the planes of the major surfaces of different ones of the optically
detectable particles 120 mav be substantially parallel to one another. Exaraple methods for
orienting optically detectable particles 120 within composite particle 10 are described in
further detai below. Although not llustrated, it will be appreciated that in some examples,
composite particie 10 may include a single optically detectable particle 120.

{6176}  Network polvmer gel 110 may have any suitable composition of monomers,
crosslinking agents and/or crosslinking monomers, solvents, and the hike. Network polymer
gel 110 may include mmdividual polymeric chains that are crosslinked mto a three-dimensional
molecular framework (appearing as a “net” or “network ™) that is relatively consistent in
structure throughout the volume of the gel. This framework is essentially a matnix capable of
holding solvent molecules, giving the gel an appearance of solidity or rigidity. Individual
macromolecular chains within a network polymer gel can comprise any molecular
arrangement of one or more monomers, such as homopolymerie, random copolvmeric, block
copolymeric, and so forth, and may be linear or branched. Network polvmer gel 110 may
mchide chemical crosslinking between individual polymer chains such that the gel i3
relatively insoluble in any solvent, although it remains capable of swelling upon absorption of
sotvent. Crosslinking may be aclueved by polymerization of monomers in the presence of a
is-functionalized monomer such as N N-methylene-bis-acrvlamide or ethvleneglveol

dimethacrviate, for example.
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81771 In various embodiments, network polvmer gel 110 may be configured to permit
diffusion therethrough of an aqueous solvent and/or an organie solvent and/or of one or more
chemical compounds which are dissolved 1 such aqueous or organic solvent, whie
permanently retaiming the optically detectable particle 120 within the composite particle.
Hhustratively, the composition and cross-hinking of network polvmer gel 110 is selected such
that the diameter of composite particle 10 swells in an aqueous or organic solution {such as
durmg library synthesis) by a factor of about 1.5 to about 3.0 as compared to when the
composite particle is dry, while permanently retaining the optically detectable particle
therein. The ability of different sizes, and different types, of brological compounds to
permeate into the gel matrix may be characterized using fluorescently-labeled biological
compounds of different sizes and then visually tracking their penmeation into the matnix. The
degree of crosslinking affects the maximum size of molecules that can fit inside the matrix.
Optionally, the optically detectable particle(s} 120 may be coupled to the network polymer
gel 110 via covalent bond(s). Nonlinuting methods of forming such bonds are described
further below with reference to FIGS. 3A-3D.

{81781  In some examples, network polymer gel 110 may include, or may consist
essentially of, acrylamide, poly-ethylene glycol {(PEG), PEG-acrvlate, PEG-acrylamide PEG-
amine, PEG-carboxylate, PEG-dithiol, PEG-cpoxide, PEG-isocyanate, PEG~-maletmide,
polyacrylic acid (PAA}, poly{methyl methacrylate) (PMMA), polystyrene (PS), polyvstyrene
sulfonate (PSS), polvvinylpyrrolidone (PVPON]}, N N-bis{acrvloyijcystamine,
polypropyiene oxide (PPO), poly{hydroxyethyl methacrylate) (PHEMA), polv(N-
isopropvlacrvlamide) {PNIPAAm), polviiactic acid) (PLA), polv{lactic-co-glveolic acid)
(PLGA), polycaprolactone (PCL}, poly{vinylsulfonic acid} (PVSAY, poly(L-aspartic acid),
poly{L-glutamic acid), bisacrylamide, diacrylate, diallylamine, trialiylamine, divinyi sulfone,
dicthviene glycol dialiyl ether, ethylene glveol diacryiate, PEG diacrvlate, PEG diacrvlamide,
trimethylolpropane trimethacrylate, ethoxylated trimethylol tnacrylate, ethoxyviated
pentacrythritol tetraacrylate, hyaluronans, chitosans, agarose, heparin sulfate, cellulose, or
combination thereof.

{81791  For nonlimiting examples of network polymer gels that may be used m the present
composite particles, see the following references, the entire contents of which are
meorporated by reference herein: Fryer et al. "Gigavalent display of proteins on
monodisperse polvacrylamide hydrogels as a versatie modular platform for functional assays
and protein engineering,” ACS Central Science 8(8): 1182-1195 (2022); Zhuetal,

"Hydrogel droplet microfluidics for ugh-throughput single molecole/cell analysis,” Accounts
3 £ 2 £ 3
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of chenucal rescarch SO(1): 22-31 (2017); Feng et al., "MRBLES 2.0: High~throughput
generation of chemically functionalized spectrally and magnetically encoded hydrogel beads
using a sinple single-layer microfluidic device,” Microsystems & Nanoengineenag 6(1) 109
(20203, Whlson et al., "Encoded microcarriers for high-throughput multiplexed detection,”
Angewandic Chemie International Edition 45(37): 6104-6117 (2006}; Liu ¢t al. "Microfluidic
synthesis of D-encoded PEGDA microspheres for suspension assay,” Journal of Materialg
Chemistry B 4(3); 482-488 (2016); Chen et al. "Microfluidic generation of multicolor
guantum-dot-encoded core-shell microparticles with precise coding and enhanced stability,”
Langmuir 30(28): 8538-8542 (2014}; Gerver ot al. "Programmable microfluidic synthesis of
spectrally encoded microspheres,”" Lab on a Chip 12(22): 4716-4723 (2012); Nguyen et al.
"Programmable microthudic synthesis of over one thousand uniguely identifiable spectral
codes," Advanced optical materials S(3): 1600548(2017); and Zhao et al. "Microflmdic
generation of multifunctional quantun dot barcode particies,” Journal of the American
Chemical Society 133(23) 8790-8793 (2011).

{81887  FIG. 1C Jlustrates another example composite particle 10 including a carrier
particle 130 having an outer surface 131, The optically detectable particle 120 is coupled to
the outer surface 131 of the carrier particle 130, and the network polymer gef 110
substantially surrounds the carrier particle 130 and the optically detectable particle 120
coupled to the carrier pasticle. In the nonhimiting exampie illustrated 1 FIG. 1C, composiic
particie 10 includes a plurality of the optically detectable particles 120 coupled to the outer
surface 131 of the carrier particle 130, Carnier particle 130 may have any suitable
composition, e.g., may mclade, or may consist essentially of, a polvmer or a glass. Carner
particle 130 may have a different composition than the network polymer gel 118, or may
have the same composttion as the network polymer gel. Nonlimiting examples of
corapositions of network polymer gel 110 are provided above, and elsewhere herein. Other
nonhimiting examples of polymers that may be used n carrier particle 130 include polymers
formed by reacting a monomer and a crosslinker, for example PEG-thiol/PEG-acrylate,
acrviamide/N.N'-bis{acrylovlicystarmine (BACy), or PEG/PPO. In some cxampies, the
network polvmer gel 110 includes a four-arm PEG. In some embodiments, the four-arm PEG
is selected from the group consisting of PEG-acrvlate, PEG-amine, PEG-carboxylate, PEG-
dithial, PEG-epoxide, PEG-isocvanate, and PEG-malcimide. Additionally, or altematively,
carrier pariicies 130 may include a solid-support matrix, such as glass, with appropriate
chemically-resistant surface coating, such as a silane with appropriately inert chemical

groups.
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{81811  FIG. 1D illustrates another example in which particle 10 includes at least one
additional carrier particle 130 having an outer surface 131; and an additional optically
detectable particle 120 coupled to the outer surface of the at least one additional camier
particle. Network polymer gel 110 substantially surrounds the at least one additional carrier
particle 120 and the additional optically detectable particle coupled to the at least one
additional carrier particle. Hhustratively, composite particle 10 may include about two to
about ten carner particles {cach of which may be coupled to one or more optically detectable
particles), e.g., about two to about six carner particles, or about six to about ten carrier
particles, or about two to about three carrier particles. Optionally, the optically detectable
particle{s) 120 may be coupled to the corresponding carrier particle 130 via covalent bond(s),
or may be coupled to the corresponding carner particle 130 via non-covalent bond(s).
Nonlimiting methods of forming such bonds are described further below with reference to
FIGS. SA-5F and 6A-6C.

{0182}  Compostte particle 10, some nonlimiting examples of which are lustrated n
FIGS. [A-1D may have anv suitable dimensions. The dimensions of composite particle 10
may vary depending on the particular solvent in which the particle is suspended. Further,
pore size of a composite particle can be altered by pH. temperature, exposure to solvents,
and/or tonic strength of a solution containing the composite particle. For exaraple, some
solvents may cause the composite particle 10 to swell, increasing the porosity of the polymer
network gel 110, while other solvents may cause the compuosite particle to shrink, decreasing
the porosity of the polymer network gel 110). In some examples, composite particle 10 hasa
diameter D of between about 1 pm and about 5O pm 10 water at pH 7, illustratively a
diameter Th of between about 10 wm and about 30 wm in water at pH 7, for example a
diameter Dh of between about 5 um and about 20 pm in water at pH 7, or a diameter By of
between about 15 um and about 25 wm i water at pH 7. However, other diameters may
readily be envisioned. In general, when swelled in solution {whether aqueous or organic), the
composite particle 10 preferably is sized to accommodate a plurality of optically detectable
particies, and to be readily transportable through the fluidic channels of the tnstrumentation n
which the particles are to be used, e.g., for library synthesis or screening.

{81831  Indeed, other composiie particle shapes also may be envisioned. For example,
afthough FIGS. 1A-1D may suggest that composite particle 10 is substantially spherical,
particle 10 may bave any other surtable shape. For example, FIG. 1E tlustrates an example
particle 10 which s non-sphernical, and may have an irregular shape which generally follows

that of the collection of carrier particles 130 therein. In such examples, composite particle 10
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may have a largest lateral dimension St which may be in the same range as diameter Dy
described above, but because the composite particle i3 not spherical i may not necessarily be
considered to bave a diameter. In examples including one or more carrier particies, such as
tlustrated in FIGS. 1C-1E, the network polymer gel 110 may have a thickness T1 of about
100 nm to about 1 pm, ¢.g., about 200 nm to about 500 nm. In examples sach as described
with reference to FIGS. 1C-1E, the carrier particle(s} may have any suitable diameter Dz, e g,
a diaracter of between about | um and about 20 poy in water at pH 7, illustratively a diameter
of between about 5 um and about 15 pm in water at pH 7, or a diameter of between about |
pm and about § pm i water at pH 7. Additionally, or alternatively, the composite particle 10
may be at least about 100 nm larger than the carrier particle(s) 130 in water at pH 7 {that is,
T1 dlustrated m FIGS. 1C-1E may be at least about 100 nm, ¢.g., about 100 n to about 1
o, ¢.g., about 200 nm to aboat 500 am).

{0184}  [lustratively, carrier particle 130 may have a diameter Dz of about 3 pn to about
10 um. In examples in which the optically detectable particles are microdisk laser particles
having a diameter of ~2 pum, and assunung that only one side of an optical detectable particle
120 binds to the carrier particle 130 at any given time, Table 1 below lists the approximate

maximum number of microdisk laser particles that can bind to carrier particles of different

diameter:
Table 1
Carrier Particle Diamester {1} Im] BMax. # of microdisk laser particles
3 00E-06 9
4 HOE-8 H
LO0E-03 100

{6185]  The present composite particle 10, some nonlinuting examples of which are
described with reference to FIGS. TA-1E, mayv inclade any suitable type of optically
detectable particle{s) 120. In some examples, optically detectable particle 120 may be
configured to emit light with a bandwidth of about 1 nm or less at full-width half~maximum
(FWHM) responsive 1o excitation hight. THustratively, optically detectable particle 128 may

imchide, or may consist essentially of, a microdisk laser particle. In some examples, the
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microdisk laser particle may have a diameter Do of about 1 pm to about 10 pm, e.g., about |
pim to about 5 um, or about 1 wm to about 2.5 pm. Additionally, or altematively, the
microdisk laser particle may have a thickness T2 of about 100-1000 nm. The light emitted by
the microdisk laser particle may be near-infrared, ¢.g., about 1100 mm to about 1600 nm. In
one specific example example, laser light with a wavelength between 1060-1070 nm may be
used to excite microdisk laser particles including InAlGaAs and/or mAIGaP. More generally,
noicrodisk laser particles may et light in respounse to bemg “pumped” above thew lasing
threshold, which is between 5 and 40 pl. The excitation wavelength may be from 700-3300
nm, depending on the matertal. In some examples, the microdisk laser particles include a
silica glass shell to inhibit damage from chemical reagents. Tn a manuver such as described in
greater detail with reference to FIGS. 3A-3D and 3A-5F, the silica glass shell optionally may
be used to install functional handles via which the microdisk laser particles may be covalently
coupled to the network polymer gel 110 or to a carrier particle 130.

{6186}  For further details regarding microdisk laser particles {which also may be referred
1o as “Lase particles” or “LPs7), see the following references, the entire contents of which are
mcorporated by reference herein: Dannenberg et al, “Multilayver fabrication of a rainbow of
microdisk laser particles across a 300 nm bandwidth,” ACS Photonics 8: 1301-1306 (2021);
Kwok ¢t al., “Laser particle barcoding for multi-pass high-dimensional flow cytometry,”

doi.org/10.1101/2022.06.03 494697, 25 pages (2022};

; Martino et al |, “Micron-sized laser
particles for massively multiplexed cellular labeling and tracking,” 2018 Conference on
Lasers and Electro-Optics (CLEQ), 2 pages (2018); Martino et al., “Wavelength-encoded
laser particles for massively multiplexed cell tagging,” Nature Photonies 13: 720-727 2019);
and Tang et al., “Laser particles with omnidirectional emussion for cell tracking,” Light:
Science & Applications 10: 23 11 pages (2021}

{6187}  In other examples, optically detectable particle 120 may be configured to erott hight
with a bandwidth of about 40 nro or less at FWHM responsive to excitation hight.
Hlustratively, optically detectable particle may include a CsPbBrs Perovskite quantum dot. Inn
some examples, CsPbBrs Perovskite quardum dots may be excited using light between about
300-430 nm. For further details regarding CsPbBrs Perovskite quantum dots, see Livetal,
“Highly soluble CsPbBrs Perovskite gquantum dots for sohution-processed light-emission
devices,” Applied Nano Materials 42} 1162-1174 {2021), the entire contents of which are
meorporated by reference herein. However, it will be appreciated that other types of quantum

dots switably may be used.
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[6188]  Optionally, network polymer gel 110 may include a chemical mosety 140 which is
couplable to a chemical compound. For example, the chemical moiety 140 may be
distributed throughout the network polymer gel. As such, network polyvmer gel 110 may
melade a plurality of such chemical moieties 140 whuch are coupled to the polvmer backbone
ofthe gel. In some examples, the functional moiety (moiety 140} i3 or includes an amine,
thiol, hydroxyl, epoxide, halogen, aldehvde, or carboxylic acid {(140-X). Optionally, a
branching moiety can be coupled to chemical moety 140 to merease the mumber of chemical
compounds coupled to the network polymer gel by 2 — 5-fold. Optionally, chemical moiety
140 may be cleavable from the network polyvmer gel using light, heat, or a reagent.
Optiovally, a cleavable linker that can release the attached chemical compound using light,
heat, or a reagent may be coupled to chemical moiety 140, Hustratively, examples of release
conditions include application of electromagnetic radiation (e.g., UV or optical light of a
suitable wavelength), a solution or vapor of trifluorcacetic acid, a solution or vapor of
trimethylamine, dimethylamine or ammonia, a solution containing a reducing agent which
cleaves a disulfide-contaning linker or a solution of an oxidant that cleaves a double bond in
alinker. Selected examples are listed 1n Table 2 below:

Table 2

iCOm_DOLmd
Y,Lénkerwz
Compound

14(}‘“Y\C:ompeund 1404«\:’4.5nkerv;z’_ n
4E n
\Y\Compaund
146-X | Linker Y Cleaved by Z-Released
compound
Br G Acid HO-Compound
NHz (EI) Acid HO-Compound
HN
NH» o) ﬁ UV light HaN-Compound
N
NH o ﬁ UV light HO-Compound
Ho’ﬂ\/\/ - HN
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OH O Mel, then Base | NCH3-
Compound
NHz jﬂj Base HOOC-
HN Compound
NHz jj} Mel, then Base | NCHs-Compound
HN
NH: ﬁ Dithiothreitol | HS-Compound
or tris{2-
HN carboxylethyl
phosphine

{6189}  For nonlimiting examples of chemical moicties that are cleavable using light, heat,
or a rcagent, see the following references, the entire contents of which are incorporated by
reference herein: Brise and Dahmen, “Linkers for Solid-Phase Synthesis,” Handbook of
Combmatorial Chemistry: Drugs, Catalysts, Materials, K. C. Nicolaou {(Ed 3, ISBN: 978-3-
527-60303-9 Chapter 4, Pages 59-169 {2002}, Wiley; Su, “Developing a cellular DNA-
encoded Hibrary screening platform.” Thesis, Untversity of California, Irvine (20213,
MacConnell et al,, “DNA-encoded solid-phase synthesis: Encoding language design and
complex oligomer library synthesis,” ACS Combinatorial Science 17: 518-534 (2018}; and
Gibaut et al, “Study of an RNA-focused DNA-encoded library informs design of a degrader
of a r{CUG) repeat expansion,” J. Am. Chem. Soc. 144: 21972-21979 (2022).

{#190]  Example methods of incorporating cleavable chemical moicties 140 within
network polymer get 110 are described below with reference to FIGS. 2A-2C. Additionally,
or alternatively, chemical moiety 140 may be posttively charged. or may be negatively
charged, ¢.g., in a manner such as deseribed further below with reference to FIGS. 7A-7B and
8A-8B, or may be uncharged. In some examples, moiety 140 may be present in network
polymer gel 110 at a loading of about 75-300 fimol.

{#191]  Although not specifically Hlustrated 1 FIGS. 1A-1E, composite particle 10 further
may include chemical compounds coupled to the network polvmer gel 110, e.g., via moieties
140, in a manner such as described elsewhere herein. As such, in some examples, the
chemical compounds are cleavable from the network polymer gel 110 using light, beat, ora

reagent and/or may be disinbuted throughout the network polymer gel 110, The chemical
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compounds coupled to a given composite particle may be the same as one another, or may be
different than one ancther. Nonlimiting examples of chemical compounds that may be
coupled to composite particle 10 are described elsewhere herein,

{#192]  Nonlimiting examples of the mamner in which the present composite particles may
be made now will be described with reference o FIGS. 2A-2C, 3A-3D, 4A-4C, SA-SF, 6A-
6C, TA-7B, and 8A-8B.

{0193} In some examples, a method of making a composiic particle may melude
substantially surrounding an optically detectable particle with a network polymer gel.
Optionally, the method may include surrounding at least one additional optically detectable
particle with the network polvmer gel. Substantially surrounding the optically detectable
particleds) with the network polymer gel may, in some examples, include forming a droplet
that mcludes a crosslinker, an initiator, and the optically detectable particle(s); and using the
mitiator to polvmerize the crosslinker to form the network polyvmer gel within the droplet.
Optionally, the droplet further comprises a non-functional monomer, or a functional
monomer, and wherein the itiator polvmerizes the non-functional monomer or functional
monomer together with the crosslinker to form the network polymer gel 110 within the
droplet. In some cxamples, the network polymer gel is synthesized using a mixture of at least
two monomers, the first of which produces polymer chains and the second of which
crosslinks the polymer chains together to form the network polymer gel. The monomer(s) are
mixed together with optically detectable particle(s) 120 and the initiator, and polymerization
is started by activating the tnitiator, for example by heat or light. The respective percentages
of monomer(s) (if any) and crosslinker in the monomer mixture are selected so that the
optically detectable particle(s) arc permanently retained within the resoliing composite
particle, that is. are retained within the composite particle during any subset generation
operations, any hibrary synthesis operations and/or any library screening operations to which
the composiie particle 1s subjected.

{6194}  An optional third monomer may be mchided in the monomer mixture, which
contains a functional motety (moiety 140 described with reference to FIGS. [A-1E) that may
be used to subsequently attach chemical compounds to the network polyvmer gel 110, The
percentage of the third monomer in the mixtare determines the covalent loading of the
composite particle. In some cxamples, the functional moiety {moicty 140} of the third
monomer is or includes an aming, thiol, hydroxyl, epoxide, halogen, aldehvde, or carboxylic
acid. Because the third monomer 1s distributed throughout the mixture, the functional

moietics become distributed throughout the resuliing network polymer gel 110, In some
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exaraples, the functional moiety loading density in the resulting network polvmer gel is about

0.05-1.5 mmol/g.

16195

Table 3 lists non-luntting examples of non-functional monomers, cross-linkers,

and functional monomers that may be used to prepare network polymer gel, and their

example ratios within the monomer mixture (i ts independently between 0 and 503

Table 3
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{6196} Other non-limiting examples of non-functional monomers, cross-linkers, and
functional monomers and their use in generating polymers may be found in Haag et al,
“Solid Phase and Soluble Polymers for Combinatorial Syothesis,” Handbook of
Combinatorial Chemustry: Drugs, Catalysts, Materials, K. C. Nicolaou (Ed ), ISBN: 978-3-
527-60303-9 Chapter 3, pages 24-58 {2002), the entire contents of which are incorporated by
reference herein.  In one purely illustrative example from Table 3, row 1, the non-functional
monomers, cross-hnkers, and functional monomers used are those llustrated below:

O

O O O
E\!/\“ /JE\N/\\/G\/’\N : N/\\/NHz
| H (. Ho

Non-fimctional Crosslinker, n = 0 Functional, n = 0

{0197} A commeraially available photoinitiator, such as ¥rgacure, Duracure, LAP, VASO,
VA44, or the ke, may be used to imtiate copolymerization of the mixtare. The
concentration of the photoinitiator in the mixture, and the exposure time, may be selected so
as to appropriately cross-link the monomers to provide a desired porosity of the polymer
network gel while permancatly retaining the optically detectable particle(s) therem.

{6198}  In some examples, the network polvimer gel 110 resulting from reactions such as
described above may include about 16-50% of the reaction products of the combined
manomer mixture (the balance of the gel being the solvent used for the reaction), with a
degree of polymenization (D) ranging from about 20 o about 40. These ranges are just an
example of a workable porosity and stiffness/ brittleness of the polymer matrix. In various
examples, the porosity of the polvier network gel may be selected to limit enzymes from
diffusing into the gel, while providing sufficient space for small molecules to be cleaved and
diffuse out through the pores. Nonlimiting examples of network polvmer gels are provided
elsewhere herein.

{6199}  In some cxamples. the optically detectable particle may be suspended in a solution
that mclades the monomer{s) and the initiator. A droplet of the solution then may be formed,
for example by encapsulating a defined volume of the solution i an oil/surfactant mixiure
using a microfluidic junction. In such examples. the size of the composite particle which is
formed 1s determined by the size of the droplet, the volume of which may be controlled
microfhudically, thus providing relatively consistent sizes of composite particles.
Hustratively, FIGS. 2A-2C schematically illustrate example operations for gencrating
composite particles. The approach illustrated in FIG. ZA may be referred to ag droplet-

templated synthesis. In this approach, an appropriate ratio of non-functional monomer,
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crosslinker, functional monomer, and photo~initiator are dissolved in solution, and optically
detectable particles 120 are added to the monomer mix to obtain solotion 210 including a
concentration of optically detectable particles selected to melude, on average, an appropriate
number of the optically detectable particles within each composite particle that 1s formed.
Preforably, solution 210 s agitated before it is infroduced to channel 211, so as to help keep
the optically detectable particles 120 in solution. In some examples, the present composite
patticles are relatively hydropbilic, and are formed using monomers that are most soluble 18
aqueous solutions. However, an inverse svstem could be used, where the monomers were
dissolved in a hydrophobic solvent and droplets where dispersed in a continuous aqueous
phase, to obtain hydrophobic composite particles.

{0200]  Asillustrated m FIG. 2A, microthadic device 200 includes microfluidic channel
211, microfluidic channel 221, and microfluidic junction 231 at which microfhadic channels
211 and 221 mect, ¢.g., 2 17 junction in which channel 221 extends from either side of the
junction. Microfluidic device 200 transports solution 219 through microfluidic channel 211
to microthudic junction 231, Additionally, microfluidic device 200 transports an
oil/surfactant mixtare 220 throngh microfluidic channel 221 to microfhadic janction 231
such that the oil/surfactant nuxture 220 pinches off droplets 241 of solution 210 that become
encapsulated by the oil/surfactant mixture. The relative flow rates through microthudic
channels 211 and 221 are selected to appropriately control the diameter of droplets 241,
Microfluidic device 200 then irradiates droplets 241 with light fo initiate the polvmerization
process, generating compostie particles 10, Compostie particles 10 are expected to have <
10% variance m their diameter. Additionally, composite particles 10 may melude different
numbers of optically detectable particles 120 than one another.

{8201}  Akhough FIG. ZA may suggest that the optically detectable particles bave certain
orientation(s) within the resulting composite particles 10, the method of forming the
composite particles suitably may be adapted to orient the optically detectable particles in any
desired manner relative to one another. In the nonlimiting example shown m FIG. 2B, the
optically detectable particles 126 are randomly oriented relative to one another within the
network polvmer gel 110, for example by allowing the optically detectable particles to
mdependently rotate and translate relative to one another within droplets 241, In the
nonlimiting example shown in FIG. 2C, the optically detectable particles have substantially
the same orientation as one another within the network polymer gel, for example by
meluding, within solution 210, stacks 121 of optically detectable particles that are pre-

coupled to one another in a manner such as deseribed in Dannenberg et al., “Multilayer
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fabrication of a rainbow of microdisk laser particles across a 500 nm bandwidth,” ACS
Photonics 8: 1301-1306 {2021}, the entire contents of which are incorporated by reference
herein.

{08202]  In other examples, forming the droplet may include forming an emulsion with the
solution and an oil/surfactant mixture. For example, in a manner similar to that deseribed
further below with reference to FIG. 4C, solution 210 may be vortexed or mixed together
with otl/surfactant muxture 220 to form an emulsion that contains droplets 241, The droplets
then may be photopolymernized in the manner described with reference to FIG. 2A to obtain
composite particles 10, Similarly as deseribed with reference to FIG. 24, the optically
detectable particles therein may be randomly oriented relative to one another. Altematively,
similarty as descnibed with reference to FIG. 2B, the optically detectable particles may have
substantially the same orientation as one another, e.g.. by using pre-formed stacks 121
{02631 Asnoted further above, 10 some examples the optically detectable particle(s) 120
may be covalently coupled to the network polymer gel. Such coupling may be performed at
the time of forming the network polymer gel, ¢.g., in a manner which will now be described
with reference to FIGS. 3A-3D, which illustrate example operations for generating composite
particies. Briefly, the optically detectable particle 120 may be coupled to a chemical moiety,
and the chemical moicty may be coupled to the network polymer gel. Tuming now to FIG.
3A, optically detectable particle 120 may include core 121 and shell 122, which may have
different compositions than one another. In one nonlimiting example, optically detectable
particle 120 1s or includes a laser microdisk particle mcluding semiconductor core 121 and
silica glass shell 122, In another nonlimiting example, optically detectable particle 12015 or
inchudes a CsPbBrs Perovskite quantum dot including a CsPbBrs core 121 and a silica glass
shell 122, Silica glass shell 122 may be functionalized using standard sof-gel chemistry. As
lustrated 10 FIG. 3 A, optically detectable particle 120 may be contacted with bifunctional
molecules 320 which mclude first functional moiety 321 and second functional moiety 322.
Such contact may be performed, for example, in solution 30. In some examples, solution 30
is organie, 15 aqueous, or 18 a mixture of water and an organic solvent that is nuscible
water, such as ethanol. Acid or base may be added to catalyze the condensation of silane on
the silica surface.

{82084}  First functional moiety 321 may be selected to react with one or more monomers
within solution 210, ¢.g., may be or include an acrylate, methacrylate, epoxide, isocyanate,
styryl, or viny! group, corresponding to the functional moieties of the monomers that will be

used to form network polvmer gel 110, Second functional moiety 322 may be selected to
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react with one or more functional moicties 123 on shell 122, 50 as to covalently couple first
functional moiety 321 to optically detectable particle 120. In the nonlimiting example shown
n FIG. 3A, fimetional moieties 123 melude hydroxyl groups (-OH), and functional moictics
322 mclude silane groups such as alkoxysilanes or chilorostianes, which are generically
denoted as -SiXs, where the X motetics coupled to a given silicon atom may be different than
one ancther, or may be the same as one another. In some examples, X s selected from the
group consisting of methyl, ethyl, methoxy, ethoxy, acetoxy, and chioro.

{8203}  Asillustrated mn FIG. 3B, second functional moiety 322 may react with functional
moiety{s} 123 on shell 122, for example through a hydrolysis and condensation reaction that
forms silane bonds covalently coupling first functional moiety 321 to shell 122, In this
example, note that cach silane may couple to any suitable number of hydroxyl groups 123,
e.g., to one, two, or three hydroxyl groups, with the remaiming sites of the silane remaimning
coupled to an appropriate number of X moieties. As illustrated n FIG. 3C, a plurality of the
functionalized optically detectable particles 120-1, 120-2, 120-3 (the representation of which
is further simplified relative to that shown m FIG. 3B, for case of illustration} are disposed
within droplet 241 which may be formed in a manner such as described elsewhere herein.
Droplet 241 further may mclude solvent 31, non-functional monomers 32, functional
monomers 33 {which include functional moictics 140}, and crosslinkers 34 such as described
elsewhere herein.

{0206}  Asintended to be tHustrated in FIG. 3C by the triangles representing the functional
moieties respectively coupled to the optically detectable particles, the non~functional
monomers 32, functional monomers 33, and crosslinkers 34, such fimetional moieties may
react with one another to form the network polymer gel, e.g., are the same type of functional
maiety as one another. Accordingly, the functional moieties 321 coupled to the optically
detectable particles 120-1, 120-2, 120-3 may participate 1o the polymerization of non-~
functional monomers 32, functional monomers 33, and crosshinkers 34, As such, the
chemical moicties 321 are covalently coupled to the network polymer gel 110, e, arca
component of the network polymer gel. Accordingly, as illustrated wm FIG. 3D, the polymer
chains 300 formed when polymerizing functional moieties 321, non-functional monomers 32,
functional monomers 33, and crosslinkers 34 are covalently coupled to the optically
detectable particles. Additionally, as intended to be represented in FIG. 3D, functional
maieties 140 are distributed throughout network polymer gel 110, and network polymer gel
110 mcludes open spaces 310 through which a solvent {(e.g., aqueous or organic} may be

transported; it will be appreciated that these features also may be present i other examples
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described herein in which the optically detectable particles are not covalently coupled to the
network polvmer gel.

{8207F  Sull other methods may be used to prepare the present composite particles. For
example, optically detectable particles 120 may be coupled to carrier particles such as
described with reference to FIGS. 1C-1E, asing various binding methods. These may include
covalent bond formation, such as utilizing click chemistry, and/or non-covalent interactions
such as electrostatic forces, van dor Waals forces, or pi-pt interactions. In this approach,
optically detectable particles may be modified on one surface and mayv be mixed in bulk with
carrier particles that have the appropriate partner modification for binding.

[8208]  For example, FIGS. 4A-4C schematically tlustrate exaraple operations for
generating composite particles. As illustrated m FIG. 44, generating a composite particle 10
may include coupling optically detectable particle(s) 120-1, 120-2, 120-3, 120-4, 120-5 to an
outer surface 131 of a carrier particle 130 such as described with reference to FIGS. 1C-1E w0
produce a carrier particie-optically detectable particle conjugate 400, In some examples, the
ratio of optically detectable particles 120 to carrier particles in conjugate 400 15 at least 4: 1
oratieast 5.1, oraticast 6:1, oratleast 71, or at least &1, or at least 9.1, or at least 10: 1.
The carrier particle 130, with the optically detectable particle(s) coupled thercto, then are
substantially surrounded with the network polymer gel 1190,

{2091  One example of this approach crploys droplet microfluidics-based encapsulation
of carner particle-optically detectable particle conjugates 400 along with an appropriate
monomer nuxture 410 m a maoner such as tlustrated in FIG. 4B, The monomer mixture 419
ncludes a monomer mixture sumiar to that described with reference to FIG. 24, but in which
carrter particle-optically detectable particle conjugates 400 are suspended insiead of
mdividual optically detectable particles. Microfluidic device 200 tlustrated in FIG. 4B may
be configured sinularly as described with reference to FIG. 2A, ¢.g., includes microfluidic
channel 211, microfluidic channel 221, and mucrofluidic junction 231 at which microfluidic
channels 211 and 221 meet, e.g., a “T” junction in which channel 221 extends from either
side of the junction. Microfluidic device 200 transports solution 410 through microfhuidic
channel 211 to mucrofluidic junction 231, Additionally, microftuidic device 200 transports an
oil/sarfactant mixtare 220 throngh microfluidic channel 221 to microthudic janction 231
such that the oil/surfactant mixture 220 pinches off droplets 441 of solution 410 that become
encapsulated by the oil/surfactant muxture. The relative flow rates through microfluidic
channels 211 and 221 are selected to appropnately control the diameter of droplets 441, In

some examples, conjugates 400 are at a concentration within misture 410 such that droplets
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441, on average, contain at least 1-2 conjugates 400. Microfluidic device 200 then irradiates
droplets 441 with light to imtiate the polvmerization process, generating composite particles
10, Compostte particles 10 are expected to be refatively monodisperse, e.g., in a manner such
as deseribed with reference to FIG. 2A. Addiionally, composite particles 10 may include
different numbers of conjugates 400 than one another.

{8218}  In other examples, forming the droplet may include forming an emuision with the
solution and an oil/surfactant mixture. For example, as iltustrated in FIG. 4C, solution 410
(including the monomer mixture and conjugates 400) may be vortexed together with an
oil/surfactant mixtare to form an emulsion 420 that contains droplets 441, For further details
of using vortexing to obtain an emulsion ncluding particles, see the following references, the
entire contents of each of which are incorporated by reference heremn: Clark et al,,
“Microfhsdics-free single-cell genomics with templated emulsification,” Nature
Biotechnology, doi.org/10.1038/s41587-023-01685-z, 32 pages {2023); and Hatori ct al.,
“Particle-templated enulsification for microfluidics-free digital biology,” Analvtical
Chemistry 90 9813-9820 (2018). The droplets then may be photopolyvmerized in the manner
described with reference to FEG. 4A to obtain composite particles 10. The emulsion may be
meubated for sufficient time for complete polymerization of the matrix within individual
droplets. Once, polvrerized, the bulk emulsion is denulsified and further washed to extract
the oil and resuspend the polymerized beads in aqueous solution

{0211}  Note that in examples such as described with reference to FIGS. 4A-4C, the
apparent density of conjugates 400 15 expected to be lower than that of the optically
detectable particles 120 alone (e.z., about 4.5 g/em® for microdisk laser particles and CsPbBr:
Perovskite quantum dots), e.g., because the carrier particle 130 has a density that is less than
that of the optically detectable particles alone. For examaple. the density of the carrier
particles 130 may be about 1.06 to about 1.20 g/cm®. Because of the lower apparent density
of conjugates 400, it 1s expected to be easier to keep conjugates 400 in suspension than it is
for the optically detectable particles 120 alone.

{0212}  Asnoted further above, 10 some examples the optically detectable particle(s) 120
may be coupled to carmer particle 130 via a covalent bond, ¢.g., to form comjugates 400,
Briefly, carrier particle 130 may be coupled to a first chemical moiety, and the optically
detectable particle(s} 120 may be coupled to a second chemical maoicty, and the first chemical
maiety may be coupled to the second chemical moiety to form a covalent bond, and thus
form conjugate 400, The conjugates 400 then may be dispersed within the solution which is

used to form the network polymer gel, e.g., in a manner which will now be described with
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reference to FIGS. SA-SF, which illustrate example operations for generating composite
particles.

{8213}  Tuming now to FIG. 5A, optically detectable particle 120 may include core 121
and shell 122, which may have different compositions than one another. Nonhimiting
examples of core 121 and shell 122 are provided with reference to FIG. 3A. As illustrated in
FIG. 5A, optically detectable particle 120 may be contacted with bifunctional molecules 520
which mclude first functional oicty 521 and second functional moiety 322, Insome
examples, such contact may be performed by contacting optically detectable particle 120 with
a gas 30 containing bifunctional molecules 520, while the optically detectable particle is
disposed on a substrate 516, Gas 50 may contact exposed portion{s} 511 of optically
detectable particle 120 {(c.g., portion{s) which do not contact substrate 510}, and substantially
may not contact unexposed portion{s} 312 of optically detectable particle 120 (e.g., portion(s}
which contact substrate 510).

{6214}  Bifunctional molecules 520 may be sumntlarly as bifunctional molecules 320
described with reference to FIG. 3A. For example, first functional moiety 521 may be
selected to react with a corresponding fimctional moiety coupled to a carrier particle 130 in a
subsequent step descrbed with reference to FIGS. 3D-3E. Second functional moiety 422
may be selected to react with one or more functional moietics 123 onshell 122, so asto
covalently couple first functional moiety 521 to optically detectable particle 120. In the
nonlimiting example shown in FIG. SA, functional moieties 123 include hydroxyl groups (-
OH), and functional moteties 322 include silane groups such as alkoxvsilanes or
chlorosilanes, which are generically denoted as -8, where the X moietics coupled to a
given silicon atom may be different than one another, or may be the same as one another. In
some examples, X is selected from the group consisting of methyl, ethyl, methoxy, cthoxy,
acetoxy, and chloro.

{0218]  Asillustrated i FIG. 5B, second functional motety 522 may react with functional
moiety{s} 123 on shell 122, for example through a hydrolysis and condensation reaction that
forms silane bonds covalently coupling first functional moiety 521 to shell 122, Inthis
exarmple, note that each silane may couple to any suitable number of hydroxyl groups 123,
€.g., to one, two, or three hvdroxyl groups, with the remaining sites of the silane remaiming
coupled to an appropriate munber of X moictics. Following such reaction, the optically
detectable particie 120 may be removed from substrate 510 and suspended i liquid 51, as
tlustrated in FIG. SC. As ilustrated in FIG. 5D, a plarality of the functionalized optically

detectable particles 120-1, 120-2, 120-3 (the representation of which is further simplified
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relative to that shown in FIG. SC, for ease of illustration} the optically detectable particles

and camer particles 130 are mixed with one another in sclution 53. The outer surfaces 131 of

carrier particles 130 may include functional moicties 523 that react with first functional

moieties 321 of optically detectable particles 120, Although not specifically illustrated, the

method optionally may inchude coupling the first chemical moiety to the carnier particle 130.

Alternatively, carrier particles that are pre-functionalized may be commercially purchased,

such as from Bangs Laboratorics, Inc. (Fishers, fndiana).

[8216]  Functional moteties 323 and 521 may be co~-selected so as to react with one

another 1 a manner sech as thustrated in FIG. 3E to form conjugate 400. For exampie,

functional motetics 523 and 321 respectively may be or include partner pairs such as listed in

Table 4 below. Optionally, the partners can be conjugated to each other using a reagent or set

of reagents. Optionally, following reaction between moteties 523 and 521, any unreacted

moietics may be capped or otherwise rendered chemically inert so that they do not react

during library synthesis, such as described elsewhere berein,

Table 4
Moiety 521 Moiety 523
Azide Alkyne
Alkvne Azide
Epoxy Amine
Amine Epoxy
Maleinude Thiol
Thiol Maleimude
Amine Active Ester {¢.g. NHS cster}
Active Ester {e.o. NHS ester) Anune
Alkyl halide Thiol
Thiol Alkyl halide
Thiol Thiol
Carboxylic acid Aming
Amine Carboxvlic acid
Tetrazine Trans~cyclooctens
Trans-cyclooctene Tetrazine
Amine Aldehvde
Aldehyde Amineg

{06217  Conjugate(s} 400 then are dispersed within droplet 441 which may be formed m a

manner such as described elsewhere herein. Drroplet 441 further may include solvent 31,

non-functional monomers 32, functional monomers 33 {which include functional moicties

140}, and crosslinkers 34 such as described elsewhere bereun, e.9., with reference to FIG. 3C.

B

In the nonlimiting example illustrated in FIG. 5F, the polymer chains 300 formed when
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polvmerizing functional moieties 321, non-functional monomers 32, functional monomers
33, and crosshinkers 34 are not covalently coupled to the optically detectable particles as they
are 10 FIG. 3D, because the functional motetics of optically detectable particles 120 were
reacted with carrier particle 130, and the remaining surface(s) of optically detectable particles
120 do not contain functional moietics that could react within droplet 441, ¢ g, to participate
in polymerization as was the case in FIG. 3D, Additionally, as intended to be represented in
FIG. 5F, functional moicties 140 are distributed throughout network polymer gel 110, and
network polvmer gel 110 mcludes open spaces 310 through which a solvent {¢.g., agueous or
organic) may be transporied; it will be appreciated that these features also may be present in
other examples described herein in which the optically detectable particles are covalently
coupled to the network polymer gel and/or are not covalently coupled to the camer particle
130.

{0218}  Although FIGS. 3A-5F illustrate an example in which the optically detectable
particie 120 1s coupled to carer particle 130 via covalent bond(s}, m other examples the
optically detectable particle may be coupled to the carner particle via a non~covalent bond.
For example, moteties 521 and 523 may be a non-covalent partner pair, sach as biotin and
streptavidin {or vice versa). Alternatively, the non-covalent bond may inchude an ionic bond.
For ¢xample, the optically detectable particle 120 may be negatively charged, and the carner
particle 130 may be positively charged. Alternatively, the optically detectable particle 120
may be positively charged, and the carrier particle 130 may be negatively charged.
Electrostatic forces between optically detectable particle(s) 120 and the carner particle 130
may attract the optically detectable particle{s) 120 mto contact with the carrier particle 130
and retain the optically detectable particle in contact with the carrier particle during
polymerization of the network polymer gel.

{0219}  Forexample, FIGS. 5A-6C schematically lustrate example operations for
generating composite particles. In the nonlimiting example llustrated in FIG. 6A, camier
particle 130 may be positively charged, and optically detectable particles 120-1, 120-2, 120-
3, and 120-4 may be negatively charged, although 1t will be appreciated that the charges on
these elements cquivalently may be reversed. Nonlimiting examples of positively charged
materials that may be used in carrier particle 130 are described with reference to FIGS. 7A-
7B. and nonlimiting examples of negatively charged materials that may be used in carrier
particle 130 are described with reference to FIGS. 8A-8B. In some examples, optically
detectable particles 120-1, 120-2, 120-3, and 120-4 may be negatively charged using. For

example, becanse of the presence of hyvdroxyl groups, the silica coating is negatively-charged
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already. Alternatively, negative charge can be obtained on the optically detectable particle by
performing a two-step silanization procedure, where the first silanization is vapor phase and
deposits the functional motety 521 (the motety that can polymerize) on one side of the
optically detectable particle. The second silanization is solution phase and deposits a second
silane with a negatively changed functional moiety primarily on the side of the optically
detectable particle without functional moiety 521, In other examples, optically detectable
patticles 120-1, 120-2, 120-3, and 120-4 yoay be positively charged. For example, a positive
charge can be obtained on the optically detectable particles by using the same hwo-step
silanization procedure described above but the second silane has a functional morety that is
positively-charged.

{0#228]  Positively charged camer particle 130 and negatively charged optically detectable
particles 120-1, 120-2, 120-3, and 120-4 may be mixed with one another in sohution 60
(which may be agueous, organic, or a mixture of aqueous and organic) as tHlustrated in FIG.
6A. As illustrated n FIG. 6B, clectrostatic atiraction between carrier particle 130 and
optically detectable particles 120-1, 120-2, 120-3, and 120-4 brings the optically detectable
particles inio contact with the carrier particle to form conjugate 400, Conjugate(s) 400 then
are disposed within droplet 441 which may imchude components, and may be formed in a
maunner, such as described elsewhere hercin. The components may be polymerized to form
network polymer gel 110 1n a manner such as described elsewhere herein, and as illustrated in
FIG. 6C.

{6221}  Optionally, as illustrated in FIGS. 6A-6B, the optically detectable particles 120-1,
120-2, 120-3, 120-4 may mclude first functional groups 521 such as described with reference
to FIGS. 5A-5F, which are available to participate in polvmerization of the network polyvmer
gel in a manner simtilar to that of first functional groups 321 described with reference to
FIGS. 3C-3D. As such, the chenical moteties 521 are covalently coupled to the network
polymer gel 110, ¢.g., are a component of the network polymer gel. Accordingly, as
iHustrated in FIG. 6C, the polymer chains 600 formed when polymerizing functional moieties
521, non-functional monomers 32, functional monomers 33, and crosslinkers 34 are
covalently coupled to the optically detectable particles. Alternatively, first functional groups
521 may be omitted, and the polymer chains 600 formed when polymerizing fimctional
moieties 321, non-functional monomers 32, functional monomers 33, and crosslinkers 34 are
not covalently coupled to the optically detectable particles.

[©222]  FIGS. 7A-7B schematically itlustrate example compositions that may be used in a

composite particle. For example, FIG. 7A ilhustrates particle 700 which may correspond
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either to carrier particle 130 or to composite particle 10, As illustrated in FIG. 74, outer
surface 701 of particle 700 includes positively charged moieties 740. Optionally, moieties
740 may be distributed throughout all or a portion of particle 700 i a manner sinular to that
described with reference to moieties 140, In examples in wiuch particle 700 corresponds to
composite particle 10, moieties 740 may correspond to moieties 140, and optionally may be
used to couple chemical compounds to composite particle. Alternatively, in examples in
which particle 700 corresponds to carrier particle 130, moteties 740 may be used to
electrostatically atiract negatively charged optically detectable particles there to in a manner
such as described with reference to FIGS. 6A-6B. FIG. 7B iHustrates nonlimiting examples
of posttively charged moictics that may be mcluded on an outer surface of a particle 700 (an
example of positively charged functionality depicted graphically in the inset to F1G. TA). As
tustrated in FIG. 7B, the network polymer gel may be functionalized via covalent
modification or coupled chemical linker {e.g., Rink amide) containing positively charged
tertiary o7 quaternary aminges, such as those commeonly used in PEG anion-exchange rosins
{where the PEG amon-exchange resin is one nonlimiting example of a network polvmer gel).
In some instances, a network polymer gel may be synthesized using at least one type of
monomer having a reactive terminus, such as -NHz or ~-CO2H group, which can then be used
in subsequent reactions to add on positively charged moietics {such as through amide
formation as shown). Network polymer gels can be made asing other functional monomers
besides amino-terminated PEG so that many other types of click chemistey can be used
between the functionalized tenminus of a polymer chain in the network polymer gel and the
desired positively charged molecule. For example, click chemistry to attach charged
molecales to network polymer gels can include formation of ester linkage from -C{OH and
alcohod terminus -OR, amide formation from -CO2H and -NH; terminus, cycloaddition
reactions, and nucleophilic ring opening such as reaction between nucleophile and epoxide.
{8223]  FIGS. 8A-8B schematically illustrate example compositions that may be used in a
composite particle. For example, FIG. 8A illustrates particle 800 which may correspond
erther to carrier particle 130 or to composite particle 10. As illustrated in FIG. 8A, outer
surface 801 of particle 800 includes positively charged moieties 840, Optionally, moieties
840 may be distributed throughout all or a portion of particle 300 in a manner similar {o that
described with reference to moietics 140, In examples in which pasticle 800 corresponds to
comaposite particle 10, moieties 840 may correspond to moieties 140, and optionally may be
used to couple chemical compounds to composite particle. Alternatively, in examples in

which particle 800 corresponds to carrier particle 130, moieties 8340 may be used to
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clectrostatically attract negatively charged optically detectable particles there to m a manner
such as described with reference to FIGS. 6A-6B. FIG. 8B illustrates nonlimiting examples
of negatively charged moicties that may be meluded on an outer surface of a particle 800 (an
example of negatively charged functionality depicted graphically m the inset to FIG. 8A).
[0224]  Asillustrated in FIG. 8B, the network polvmer gel 110 may be functionalized via
covalent modification or coupled chemical linker containing negatively charged sulfonate or
carboxylate motsties, such as those commonly used m PEG cation-exchange resins {where
the PEG anion-exchange resin is one nonlimiting example of a network polymer gel). In
some nstances, 3 network polymer gel may be synthesized using at least one type of
manomer having a reactive ternunus, such as -OH, -NH:z or ~CO2H group, which can then be
used in subsequent reactions to add on negatively charged moteties {such as through cther
formation as shown). Network polymer gels can be made using other functional monomers
besides ether-terminated PEG so that many other types of click chemistry can be used
between the functionalized terminus of a polvmer chain in the network polymer gel and the
desired negatively charged molecule. For example, click chemistry to attach charged
molecales to network polymer gels can inchude formation of ester linkage from -COnH and
alcohol terminus -OR, amide formation from -CO2H and -NH: terminus, cycloaddition
reactions, and nucleophilic ring opening such as reaction between nucleophile and epoxide.
Collections of composite particles, and methods and systems for generating the
same
[6225]  Alhough FIGS. 1A-1E may focus on example configurations of mndividual
particles, it will be appreciated that a collection of such particles may find particular utility in
generating and/or screening a hbrary of chemical compounds in a manner such as described
in greater detail below. The composite particles 10 of such a collection may have any
comabination of characteristics such as described with reference to FIGS. 1A-1E, and/or as
described elsewhere heremn. In some examples, a composition may include the collection of
the composite particles suspended in an agueous solvent, or in an organic solvent.
{0226}  In some examoples, cach of the composite particles 10 of the collection may include
a plurality of the optically detectable carrier particles 128, At least some of the optically
detectable particles 120 of that plurality may have different emission wavelengths than one
another, and the different enussion wavelengths define a spectral fingerprint for that
composite particle. For example, the optically detectable patticles 120 within a first
composite particle 10 respectively may emit light at wavelengths ki, ko, %3, and %4, and the

optically detectable particles 120 within a second composite particle 10 respectively may
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emit light at wavelengths ks, ke, b7, and ks, where the different subscnipts devote a umque
wavelength. As such, based on a given composite particle emitting light at wavelengths A,
ha2, hs, and A4, that composite particle may be wdentified as being the first composite particle.
those wavelengths constituting the spectral fingerprint of that composite particle because the
composite particle can be uniguely identified using those wavelengths, Similarly, based ona
given composite particle emitting light at wavelengths ks, J, &7, and ks, that composite
particle may be dentified as being the second composite particle, those wavelengths
constituting the spectral fingerprint of that composite particle because the composite particle
can be voiguely identified using those wavelengths, Within a collection of composite
particles 10, a majority of the composite particles of the collection may have different
spectral fingerprints than one another. Hlustratively, over 80%, or over 85%, or over 90%, or
over 85%, or even 100% of the composite particles of the collection may have different
spectral fingerprints than one another. For example, microdisk laser particles may have about
800 distinguishable emission peaks i1 the spectral range of 1100 nm to 1600 nm. Assuch, a
combination of two random microdisk laser particles per composite particle can provide
about 320,000 anique spectral fingerprints; a combination of three random microdisk laser
particles per composite particle can provide about 85 million unique spectral fingerprints; a
combination of four random microdisk laser particles per compostie particle can provide
about 16.9 billion unique spectral fingerprints; a combination of five random microdisk laser
particles per composite particle can provide about 2.69 triflion unique spectral fingerprints; a
combination of six random mucrodisk laser particles per composite particle can provide about
357.3 trilhon unique spectral fingerprints; a combination of seven random microdisk laser
particles per composite particle can provide about 40.5 quadriflion unigue spectral
fingerprints; or a combination of seven random microdisk laser particles per composite
particle can provide about 4.0 guintithon unigue spectral fingerprints.

{82277 It will be appreciated that the number of optically detectable particles may vary
from composite particle to composite particle within a collection, and as such the number of
spectral peaks may vary from composite particle to corposite particle within the collection.
In some examples, the composite particles 10 of the collection respectively may include
substantially the same number of optically detectable particles 120 as one another, e.g.,
between two and ten of the optically detectable particles 120, In other examples, the
comaposite particles 10 of the collection respectively may include different numbers of
optically detectable particles 120 than one another e g, between two and ten of the optically

detectable particles 120. Regardless of the specific number of spectral peaks within a given
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composite particle’s spectral fingerprint, the wavelengths of those peaks may be used to
identify that composite particle, preferably uniquely. In examples in which the composite
particles 10 of the collection include cartier particle(s} in a manner such as described with
reference to FIGS. 1C-1E, a majonity of the composite particles of the collection respectively
may include the same number of carner particles as one another, ¢.g., respectively may
inclade one to three of the carrier particles.

[06228]  FIGS. 9A-9C schematically dlustrate operations and structures for use in
generating subsets of composite particles inclading different numbers of optically detectable
particles than one another. Specifically, FIG. 9A shows a schematic overview of operations
and components used during pariicle subset creation for library synthesis. The depicted
example includes a system 905 for flow cytometry that 1s infrared (IR) enabled to detect
optical particle emission of optically detectable particles 902 and separate them into a
plurality of collection vessels 910, During operations, particles 902 can be caused to flow
mto a flow cell of system 903 so that particles 902 can be excited with light from an optical
excitation svstem. In some examples, particles 902 can be irradiated one-by-one by light of
the optical excitation system resulting in detection of a spectral fingerprint. In some
examples, an optical detector of system 905 can read a spectral fingerprint of each particle
902 cxcited by the light and generate, using the spectral fingerprint, a compostic particle
wdentity. In some examples, the spectral fingerprint can be read by measuring an IR emission
orthogonal to an excitation beam of the optical excitation system. In tum, a spectral
fingerprint of particles 902 is recorded and linked {¢.g., by an analvzer 940) to the collection
vessel 910 i resides in.

{82281  FIG. 9B shows a more detailed ifustration of a system 903 for flow cytometry
with patticies 902 flowing therein, including optically detectable particles 902a and sheath
fluid 902b that focuses the suspension of particles 902a so the beads go through the excitation
light one at a time. The output from all runs passes through nozzle 992 and into a plarality of
collection vessels 910, It is understood that the system 905 of FIG. 9B shows a minimum
mumber of excitation lasers and the mintmum nuwmber of detectors for assay readout {(e.g., 1
cach}. However, the mumber of lasers and detectors in of the conterplated system 9035 can
vary as needed or required {¢.g., ap to 10 lasers and/or detectors per assay readout). In some
examples, system 905 can inchude only one infrared laser and only one infrared detector. As
shown 1n the depicted example of FI1G. 9B, systern 905 can include an optical excitation
gystern 909 that includes at least one assay excitation laser 912 and at least one optical

particle excitation laser 915. Each of lasers 812, 915 can emit hight in the form of a laser
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beam. The wavelengths of the laser beams emitted therefrom can range between 325 nm to
3300 nm.

{0236 Light 912x 9135x from lasers 912, 915, respectively, can be focused to pass
through dichroic mirror 921 that propagates the light to interrogate at least one particle 902 in
a flow cell 9C-9C further shown in FIG. 9C. The flow cell is part of a fluidics system which
directs particles, typically one at a time, m a stream to the focused laser beams of fasers 912,
913 for interrogation. In some cxamples. the flow ccll can be a benchtop cyvtomester or a
nozzle tip in a stream-in-air cytometer. The hight from the lasers 912, 915 mteracts with
particles 902 at various different wavelengths depending on the spectral characteristics. One
of skill in the art will recognize that a flow cyviometer in accordance with an embodiment of
the present disclosure s not imited to the system 9035 depicted in FiGs. 9A 1o 9C, but can
inclode any flow cytometer known in the art. For example, a flow cytometer may have any
number of lasers as well as detectors, mirrors, beam splitters, filters, and the like at various
wavelengths and in various different configurations.

{82317  Tumng to FIG. 9C, one exemplary flow cell 930 1s shown with the particles 802a
flowing into suspension fhid 902b via a particle suspension input 932, Flow cell 930 can
mehide a sheath flow 932 configured to direct particles 902a (e g, via a particle dispenser) to
mterrogation pourt 950 through which light 912x, 915x s propagated. Turning back to FIG.
9B, a second dichroic mirror 923 can be downstream of the interrogation point to receive and
further propagate interrogation light 912x. 915x. In some examples, mirror 923 can
propagate hight 915x% to an optical particle detector 936 and can propagate light 912x to an
assay result detector 934, Each of detectors 934, 936 can transmit respective detector output
to analyzer 940, Analyzer 840 can include one or more computing systems and be
configured to read a spectral fingerprint of each particle 902 excited by light from system
909, Output 940x of analyzer 940 can be communicated to a plurality of collection vessels
910, Cutput 940x can include an optically detectable particle count, the spectral fingerpunt,
user-defined composite particle population size, and/or other information. In some examples,
the spectral fingerprint of cach particle 902 15 determined by analyzer 940 by measuring an
IR emission orthogonal to an excitation beam of excitation system 909, In some examples,
analyzer 940 can generate, using the spectral fingerprint of cach particle 902, a compostte
particle identity of a respective particle 902.

{0232]  Insome examples, the system 903 of FIG. 9C can be configured to change vessels
910 when composite particle count of composite particles 902 reaches a predetenmine

threshold and then causing a counting operation to restart. The system 903 can then record a
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vessel destination {¢.g., a specific vessel 910 of vessels 910} for each composite particle 902
in a spectral fingerprint registry. Though not shown, it s contemplated that a different
chemical entity can be mcorporated onto each respective group of the particles 902 1n each
respective veascl 910, then particles 902 can be pooled together, and then each of the
foregoing steps can be repeated to successively incorporate different chemical entities.
{9233}  During operations, system 903 can be controlled by a controller {¢.g., a controller
of analyzer 940), and the measurement data from detectors 934, 936 can be stored 1n memory
and processed by analvzer 940, Although not shown exphicitly, analvzer 940 can also be in
communication with components of the flow cell 930 of FIG. 9C so as to control the lasers
912, 913, fluid flow parameters, and the like. In some examples, some or all of the controller
and memory may be part of one or more external computing devices such as a general
purpose computer, a mobile computing device, and the like. In some embodiments, some or
all of the computing operations can be in wircless or wired communication with system 905
{0234}  FIGS. 10A-10D schematically iHlustrate operations and structures for use in
generating subsets of composite particles mncluding different numbers of optically detectable
particles than one another. Specifically, FIG. 10A shows a schematic overview of operations
and components used during particle subset creation based on the number of optically
detected particles per particle 1002, Inthe example dlustrated in FIG. 10A, particles 1062
with a low number of optically detected particles 10023° are separated from particles with a
larger number of optically detected particles 1002a°. In the example illustrated in FIG. 10D,
composite particles 1002a° that are coupled to particuiar hibrary members are separated from
composite particles 10022 that are coupled to other Iibrary members.

{8235}  The example depicted in FHG. 10B includes a system 1005 for fluorescence
activated cell sorting (FACS) that is infrared (IR} enabled to detect optical particle emission
of optically detectable particles 1002 and separate composite particles into a plurality of
collection vessels 1010 based on the number of optically detected particles in each particle
1002, During operations, particles 1002 can be caused to flow m a flow cell of system 1005
so that particles 1002 can be excited with hight from an optical excitation system and system
1005 can sort particles 1002 into 2 main subset sorted by the system 1003 sequentially
detecting an emission spectnim of the speciral fingerpnnt of each particle 1002, In some
examples, those particles 1002 that include fewer or more than a predetermined number of
optically detectable particles are separated from the main subset. In some examples, the main
subset can include approximately 10° to 10° composite particles present in solution at a

concentration of approximately 10° to 108 composite particles per milliliter.
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[8236]  In some examples, the system 1003 can be configured to identify a number of
pnigue peak maxima prosent in the emission spectnum. In some examples, the sysiem can
analvze the cuussion spectrw to identify unique peak maxima present by “peak picking” or
“hine fitting”. For example, the optically detectable particles within a first composite particle
respectively may emit light at a plurality of wavelengths and the optically detectable particles
within a second composite particle respectively may emit light at a second plurality of
wavelengths, where cach wavelength can be a unigue wavelength. In this exaniple, the
identifier for the first composite particle may include a first numerical list of the wavelengths
{c.g., 1151 nmm, 1182 nm, 1208 um, and 1330 am} having peaks in that composite particie’s
cmission spectrurm, and the identificr for the second composite particle may nclude a second
numerical list of the wavelengths {e.g., 1250 nm, 1442 num, 1512 nm, and 1549 nm) having
peaks in that composite particle’s emission spectrum. Thus, a composite pasticle which is
later determined to have the cmission peaks 1151 am, 1182 nm, 1208 nm, and 1330 nm may
be identified as being the first compostte particle by determining that the wavelengths in the
later measured spectrum match the wavelengths in the earlier measured spectrum of that
composite particle, and a composite particle which is later determined to have the emission
peaks 12530 nm, 1442 ., 1512 nim, and 1349 nm may be identified as being the second
coraposite particle by determining that the wavelengths 1o the later measured spectrum maich
the wavelengths in the carlier measured spectram of that composite particle. In operations, a
presenee of the peak {e.g., yes / no) is relevant to the identifier.

{62377 Tn some examples, the system {005 can be configured to cause the flow cell 1030
to dispense, based on the number of optically detectable particles as well as unigue peak
maxima present thereof, particles 1002 into individual tubes or wells 1010, Each separate
vessel 1010 can be associated with specitic subset of the plurality of subsets. In some
examples, the vessels 1010 can be part of a microplate that includes at least 96 vessels.

In some examples, parficles 1002 can be irradiated one-by-one by light of the optical
excitation system resulting in detection of an emission spectrum of each particle and counting
of a nuraber of unigue peak maxia present in the emission spectrurn.  Based on the detected
emission spectrum and analvsis of the unigue maxima present, system 1005 can determine if
a composiie particle of the plurality of composite particles includes a namber of optically
detectable particles within one of a plurality of sort bins. The systemy 1003 can separate a
respective particle 1002 from the population of particles if the number of optically detectable
particles is within one of a plurality of sort bins. In tun, a spectral fingerprint and particle

count of particles 1002 1s recorded and linked {e.g., by an analyzer 1040} to the collection
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vessel 1010 it resides in. In some examples, system 1005 can be configured to create subsets
of particles 1002 based on the measured side-scatter.

{8238}  FIG. 108 shows a more detatled dlustration of system 1003 with composite
particles 1002 flowing therein, including optically detectable particles 1002a and sheath fhad
1002b that focuses the suspension of particles 1002a so the beads go through the excitation
light one at a time, collecting the composite particle cutput in deflector plate indet 1090c¢ (see
FIG. 10C) untdd being dispensed by a plurality of deflection plates 1090a, 1090b to a plurality
of coliection vessels 1010 based one or more cniferia, including number of optically
detectable particles as well as unique peak maxima present thercof,

{08239]  Similar to the systemn of FIG. 9B, it is understood that the systemn 1005 of FIG.
108 shows a minimurn number of exeitation lasers and the munimum number of detectors for
assay readout {¢.g., 1 cach). However, the namber of lasers and detectors in of the
contemplated system 10035 can vary as needed or required {¢.g., up to 10 lasers and/or
detectors per assay readout). In some examples, system 1005 can include only one infrared
laser and only one infrared detector. As shown n the depicted example of FIG. 10B, system
1005 can include an optical excitation system 1009 that includes at least one assay excitation
laser 1012 and at least one optical particle excitation laser 1013, Hach of lasers 1012, 1015
can cmit ight in the form of a laser beam. The wavelengths of the laser beams emitted
therefrom can range between 325 nm to 3300 om.

{0248]  Light 1012x, 1015x from lasers 1012, 1015, respectively. can be focused to pass
through dichroic nurror 1021 that propagates the light to interrogate at least one particle 1002
in a flow cell 10C-10C further shown in FIG. 10C. The flow cell 18 part of a fluidics system
that focuses the particles and directs them, typically one at a time, in a stream to the focused
beams of lasers 1012, 1015 for mterrogation. The light from the lasers 1012, 1013 interacts
with particles 1002 at vanous different wavelengths depending on the spectral characteristics.
One of skill in the art will recogmze that the system 1005 depicted in FIGs. 10A to 10C 1s not
so Hmiting and can include any flow cell and FACS system known in the art with any number
of lasers as well as detectors, mirrors, beam splitiers, filters, and the hike at various
wavelengths and in various different configurations.

{8241}  Tumung to FIG. 10C, one exemplary flow cell 1030 15 shown with particles 1002a
and suspension fluid 1002b mtroduced via a particle suspension input 1032, Flow cell 1030
can include a sheath thow 1032 contigured to direct particles 100Za (c.g., via a particle
dispenser) to interrogation point 1050 through which hight 1012x, 1015x 1s propagated.

Particles 1002 then flow through deflector plate inlet 10890¢ into deflection plates {e.g., a first
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positively charged deflection plate 1090a and a second negatively charged deflection plate
1090b, etc.) where a sort signal is received {e.g., based on output 1040x from analyzer 1040)
causing plates 1090a, 1090b to dispense sorted particles 1002a°, 1002a3”, ete. 1nto appropriate
respoctive veascls 1010, Tn some examples, plates 1090a and 1090b can include one or more
electrodes adjacent to nlet 1090c¢ to selectively deflect individual particles based on their
electrophoretic or dielectrophoretic properties. In some examples, plates 1090z and 1090b
can include one or more magoets adjacent to mlet 1090c¢ to deflect particles 10602a°, 1002a”
in the flow path based on their magnetic properties.

{0242}  Tuming back to FIG. 10B, a sccond dichroic mirror 1023 can be downstream of
the interrogation point to recetve and further propagate mterrogation light 1012x, 1015x. In
some exaraples, mirror 1023 can propagate light 1015x to an optical particle detector 1036
and can propagate light 1012x to an assay result detector 1034, Hach of detectors 1034, 1036
can transmit respective detector output to analyzer 1040, Asalyzer 1040 can include one or
more computing systems and be configured to detect an emission spectrum based on output
from detectors 1034, 1036 and count a number of unigue peak maxima present in therein,
Output 1040x of analyzer 1040 can be communicated to a plurality of collection vessels
1010, Output 1040x can include an optically detectable particle count, the spectral
fingerprint, user-defined compostte particle population size, and/or other mformation. In
some examples, the spectral fingerprint of each particle 1002 is determined by analyzer 1040
bv measuring an IR emission orthogonal to an excitation beam of excitation system 10010,
In some examples, analyzer 1040 can geoerate, using the speciral fingerprint of each particle
1002, a composite particle identity of a respective particle 1002,

{8243}  During operations, system 1005 can be controlled by a controller (e.g., a controller
of analyzer 1040}, and the measurement data from detectors 1034, 1036 can be stored in
memary and processed by analyzer 1040, Although not shown explicitly, analyzer 1040 can
also be in communication with components of the flow cell 1030 of FIG. 16C 50 as to control
the lasers 1012, 10135, fluid flow parameters, and the like. In some examples, some or all of
the controfler and memory may be part of one or more external computing devices suchasa
general purpose computer, 3 mobile computing device, and the like. In some embodiments,
some or all of the compating operations can be in wireless or wired communication with
systern 1063,

{6244}  In some examples, based on output 1040x, vessels 1010 can receive particles 1002

from flow cell 1030 and physically sort them into a phurality of subsets. The subsets can
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inchide a main subset sorted by detector 1036 sequentially detecting the cmission spectrum,
pnigue peak maxima, particle count, the spectral fingerprint, side seatier, and the hike.

{0245]  In some cxamples, output 1040x can include wdentifying one or more of the
particles 1002 that include the same chemical mncorporation history. In this respect, for
subsets containing those particles 1002 with the same chemical incorporation history, the
particies 1002 can be output in separate vessels 1010 and then particles can be caused to
trigger compound release. For example, a separate optical beam or a reagent can release one
or more compounds from the particles 1002 of cach collection vessel 1010, The one or more
compounds present on the particles can be then suitably identified, ¢ g, using liquid
chromatography-rass spectrometry by sampling the corresponding collection vessel. In one
operation, after cleaving one or more compounds off the particles 1002 m each collection
vessel 1010, the compound identity, a purity and/or a synthetic yield of the phurality of
composite particies can be determined by an ultra-performance liguid chromatography
system or a high-performance liquid chromatography systern coupled to a mass spectrometry
system or tandem mass spectrometry systen.

{82461  In some examples, cutput 1040x can be determined by analyzing the spectral
fingerprint at every stage of compound exposure so that analyzer 1040 can establish an
mformatic link between the compound associated with that subset, the cnission spectrum,
unigue peak maxima, particle count, the spectral fingerprint, side scatter, and the like of each
composite particle of that subset. In some exaraples, output 1040x can mchude creating a
plurality of subsets based on a predicied link between the emission spectrum, unique peak
maxima, particle count, the spectral fingerprint, side scatter, and the hke and a composite
particle identity of a specific compound. The predicted link can be determined by a machine
leaming model trained based on training data that inclhudes spectral data of the composite
particles, a plurality of compounds, and output variables representing compound library data
sets. The machine learning model can include statistical analysis, autonomous or machine
learning, and Al Al may include, but is not limited to, deep learning, neural networks,
classifications, clustering, and regression algorithms. By using such computing methods, fink
prediction and analytics related to spectral fingerprint, composite particle identity, compound
type, and the like sobstantially mmproved as is reliability and accuracy.

{6247} In some cxamples, the machine learning model of analyzer 1040 can include a

trained machine leaming algorithm that takes, as tnput, any of the herein disclosed data as
well as historical spectral and chemical incorporation databases and deternunes whether one

or more salient spectral characteristies or trends are ocowrring and exceed a predetermined
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threshold according to spectral assessment logic. In some examples, the machine leaming
maodel of analvzer 1040 can incorporate at least one of linear regression, kernel ridge
regression, logistic regression, neural network, support vector machine (SY M), decision tree,
hidden Markov model, Bayesian network, a Gram-Schmidt process, reinforcement-based
fearning, cluster-based learning, hierarchical clustering, genetic algorithm, or combination
thereof. Many methods may be used to learn which examples of the foregoing data feeds are
salient to the cxtent one or more predict links are merited based on probabilistic success
mdicators, including but not himited to: (1) weak supervision: training a machine learmning
system {(e.g., multi-laver perceptron (MLP}, convolutional neural network (CNN), graph
neural network, support vector machine (SVM), random forest, ete.) using multiple instance
leaming (MIL) using weak labeling of the digital image ot a collection of images; the label
may correspond to the presence or absence of a salient arcas; (2) boanding box or polygon-
based supervision: training a machine learing system {e.g., region-based CNN (R-CNN},
Faster R-CNN, Selective Scarch) using bounding boxes or polygons that specify the sub-
regions of the digital image that are salient for the detection of the presence or absence of one
or more markers related to a potential link (3) pixel-level labeling (e.g., a semantic or
mstance segmentation}: training a machine learning svstem {e.g., Mask R-CNN, U-Net, Fully
Convolutional Neural Network); and/or (4) using a corresponding, but different digital image
that identifies one or more spectral characteristics, compound type{s), particle count, and/or
other information.

Chemical libravies, and methods of generating the same using composite
particles
{8248]  As provided herein, the present composite particles are compatible with, and can
be used to support, a wide variety of chemical libraries, including those that are inaccessible
and/or mcompatible with DNA encoding as 1s used in OBOC-DEL.
{6249]  For example, each of the present compostie particles 10 respectively may be
coupled to a single type of chemical compound, or may be coupled to a plurality of different
types of chemical compounds, such as small molecules, peptides, oligonucieotides, and/or
proteins. The chemical compound(s) may be coupled to the composite particle in any
suitable manner, for example via adsorption, direct covalent attachment, or covalent
attachment through a chemical linker. The chemical linker optionally may be cleavable, that
is, configured to release the chemical compound in response 1o a suitable stinwdus {such as
light for a photo-cleavable linker, heat for a heat-cleavable hinker, or tow pH for an acid-

cleavable linkery. The compound released through cleavage of the chemical hinker may be
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identical to the compound which 1s coupled to the composite particle. Alternatively, the
compound released through cleavage of the chemical hinker may be different in some regard
to the compound which is coupled to the compostte particie and vet stil related ina
predictable way to the compound which is coupled to the compostte parficle. Alternatively,
the chemical linker may be non-cleavable, in which case the chemical linker may be reforred
10 as a spacer.

{0256]  FIG. 1 schematically dlustrates an exaraple compostie particle 10 to which a
chemical compound 11 is coupled. In a manner such as described with reference to FIGS.
1A-1E, composite particle 10 may mchude a phurality of optically detectable particles 120;
and a network polymer gel 110 substantially surrounding the optically detectable particles
120. Although FIG. 1] iHlustrates a nonlimiting example in which composite particle 10 has
a configuration such as described with reference to FIG. 1T, it should be appreciated that
composite particie 10 may have any other configuration provided herein, ¢.g., with reference
to FIGS. 1A-1E, with any suttable combination of compositions, modifications, and methods
of manufacture such as described with reference to FIGS. 2A-2C, 3A-3D, 4A-4C, 5A-5F,
5A-6C, TA-TB, and/or 8A-8B.

{6251}  Inthe nonlimiting example shown in FIG. 11, a plurality of molecules of the same
chemical compound 11 are coupled to network polvmer gel 110 via respective moieties 140,
For example, chemical compound 11 may be covalently coupled to the network polymer gel
10 viamoiety 140, Hlusteatively, the chemical compound may be coupled to the network
polymer gel 10 directly or indirectly via a chemical linker {that is, motety 140 may include a
chemical linker). The chemical hinker may be cleavable, or mav be non-cleavable.
Alternatively, the chemical compound may be non-covalently coupled to the network
polymer gel 10, Hlustratively, the chemical compound may be adsorbed to the network
polymer gel 10, For example, the chenucal compound may be coupled to the network
polymer gel 10 via an electrostatic interaction {e.g., t0 a negativelv- or positively-charge
moiety 140 such as described with reference to FIGS. 7TA-7B or 8A-8B), or through
hvdrophilicity, hydrophobicity. or other non-covalent molecular mnteraction such as those
observed in protein-ligand binding (affinity}. Chemical compound 11 may be distributed
throughout the network polvmer gel 110. For example, chemical compouand 11 may be
coupled to moictios 140 which are distributed throughout the network polvmer gel 110 ina
manner such as descrbed with reference o FIGS. 3D, SF, and 6C. In some examples,
chemical compound 11 may be cleavable from the network polymer gel 110 using light, heat,

or a reagent, e.g., in a manner such as described with reference to FIGS. 1A-1E. In a manner
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such as will be described further below, m some examples the chenucal compound 11 may be
released before or after the start of an assay so that the compound released is still physically
associated with the compostte particle 10 from which it has been released.

{2521  FIG. 12 schematically iHlustrates an example composite particle 10 to which
different chemical compounds 12, 13, 14, 15 are coupled. In a manner such as described with
reference to FIGS. 1A-1E, composite particle 10 may include a plarality of optically
detectable particles 120; and a network polvraer gel 110 substantially surrounding the
optically detectable particles 120, Although FIG. 12 illustrates a nonlinuting example m
which composite particle 10 has a configuration such as described with reference to FIG. 1C,
it should be appreciated that composite particle 10 may have any other configuration
provided herein, e g., with reference to FIGS. 1A, 1B, 1D, or 1E, with any suitable
combination of compositions, modifications, and methods of manufacture such as described
with reference to FIGS. 2A-2C, 3A-3D, 4A-4C, SA-5F, 6A-6C, TA-TB, and/or 8A-8B. In the
nonlimiting example shown in FIG. 12, a plurality of molecules of chemical compounds 12,
13, 14, 15 are coupled to network polymer gel 110 via respective moieties 140, or may be
non-covalently coupled to the network polymer gel 110, e.g., in a manner such as deseribed
with reference to FIG. 11, Any surtable nuwmber of different chemical compounds may be
coupled to the network polymer gel 110, ¢.g., between two and four different chemical
compoands.

{02531 Composite particles which are coupled to chemical compound(s), such as
descrbed with reference to FIGS. 11 and 12, mav be used in a library of chemical
compounds. Such a library may include different groups of the composite particles. The
composite particles of a first group of the composite particles may include the same chemical
compound as one another, and the composite particies of a second group of the composite
particles may include the same chenucal compound as one another and a different chemical
compound than that of the first group of composite particles, In examples such as descnbed
with reference to FIG. 12, the composite particles of the first group of composite particles
may include a first plurality of different chenical compounds, and the composite particles of
the second group of compostte particles may include a second plurality of different chenucal
compounds, wherein the chemical compounds of the first plarality are at least partially
different than the chemical compounds of the second plurality.

{0254]  As such, the composite particles of the first group may be substantially the same as
one another, and the composite particles of the sccond group may be sabstantially the same as

one anocther, but the first and second groups are different than one another. Each group may
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mchude a plurality of composite particles {¢.g., more than 100 particles, or more than 250
particles, or more than 500 particles, or more than 1000 particles, or more than 5000
particles) that arc substantially the same as one another. The library may mclude a plurality
of such groups that are different than one another {e.g., more than 10,000 groups, or more
than 100,000 groups, or more than 1M groups, or more than 10M groups) that are different
than one another. As such, a vast number of chemical compound(s) may be readily assayed
using a wide variety of targets. Addationally, because there are so many replicates of cach
tvpe of composite particle, confidence in the assay result and in the sereening of the hbrary
may be increased. Additionally, each individual composite particle may be readily identified
using the optically detectable particles therein. Indeed, as noted above, the present composite
particles may have 10°-10%° or more unique spectral fingerprints, making it relatively unlikely
that any two composite particles in the same group, or in different groups, will have the same
spectral fingerprint. Even if some particles do inadvertently have the same spectral
fingerprint, there are so many other particles in cach of the groups that information from any
replicates may be discarded without losing anv meaningful data from the group.
Furthermore, the identity of cach compuosite particle is informatically linked to the identity of
the specific chemical compound(s} that are coupled to that composite particle. This
informatic link may be used to rapidly wdentify the compound(s) for a given assay result.
{3255  The present hibraries of chemical compounds may be generated in any suitable
manner. The composite particles may have any configuration provided herein, e.g., with
reference to FIGS. 1A-1E, with any suitable combination of compositions, modifications, and
methods of manufacture such as described with reference to FIGS. 2A-2C, 3A-3D, 4A-4C,
5A-5F, 6A-6C, TA-TB, and/or 8A-8B. Chemical compounds may be coupled to the
composite particles 10 by coupling the chenucal compounds to the network polyvmer gels 110
of the composite particles. The composite particles of a first group of composite particles are
coupled to the same chemical compound as one another, and the composite particles of a
second group of compostte particles are coupled to the same chemical compound as one
another. However, the chemical compound coupled to the first group of compostie particles
is different than the chemical compound coupled to the second group of compostte particles.
Nonhmiting examples of methods for coupling different chemical compounds to different
groups of composite particles now will be described further below with reference to FIGS.
13A-13C and 14A-14C. The method of generating the library of chemical compounds
further may include, for respective composite particles of the collection, storing, i a data

structure, (1} identifiers for the composite particles which are based on the respectively
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obtained emission spectra, and (i1) identifiers for the chemical compounds which respectively
are coupled to those composite particles.

{8286}  FIGS. 13A-13C schematically illustrate example operations for coupling chemical
compounds to a composite particle using serial addition of chemical moieties. Although
FIGS. 13A-13C illustrate examples in which the composite particle 10 has a configuration
such as described with reference to FIG. 1A, it should be appreciated that composite particle
10 may have any other configuration provided herein, ¢.g., with reference to FIGS. 1B, 1€,
1D, or 1E, with any suitable combination of compositions, modifications, and methods of
manufacture such as described with reference to FIGS. 2A-2C, 3A-3D, 4A-4C, 5A-3F, 6A-
6C, TA-TB, and/or 8A-8B.

{32871 FIG. 13A illustrates that in a first synthesis cycle, first chemical moiety 1301 is
soupled to network polvmer gel 110 of composite particle 10 via chemical motety 140, FIG.
138 illustrates that in a second synthesis cycle, second chemical moiety 1302 is coupled to
first chemical moiety 1301, and thus is indirectly coupled to network polymer gel 110 of
composite particle 10 via chenucal moety 140 and first chemical yoiety 1301, Together,
first chemical moiety 1301 and second chemical moiety 1302 constitute chemical compound
1310, FIG. 13C lustrates that in a third synthesis cvele, third chemical moiety 1303 15
coupled to second chenical motety 1302, and thus is indirectly coupled to network polymer
gel 110 of composite particle 10 via chemical moiety 140, first chemical moiety 1301, and
second chemical moiety 1302, Together, first chemical moiety 1301, second chemical
moiety 1302, and third chemical moiety 1303 constitute chenucal compound 1320, Any
suitable number of synthesis cycles may be performed on a given composite particle, so as to
serially add chemical moicties and thas build a chemical compound coupled to that
composite particle.

{8258]  Although not specifically lustrated m FIGS. 13A-13C, the chenucal moieties
which are added, and the chemical compounds which are built, may be distributed thronghout
network polymer gef 110 (e.2., because moictics 140 are distributed throughout the network
polymer gel in a manoer such as described with reference to FIGS. 3A-3D, SA-SF, and 6A-
613}, As such, the number of sites within network polymer gel 110 to which the chenucal
compounds are coupled may be significantly greater than if the chemical compounds were
merely coupled to the outer surface of the composite particle 10, Hlustratively, the interior of
comaposite particle 10 may possess between 10 tumes to 200 times more compound than may
the surface of the composite particle. This greatly increased number of chemical compounds

can provide a significantly increased amount of signal in an assay than may be obtainable
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from a particle in which the chemical compounds were present only at that particle’s surface.
For example, the additional compound on the terior of the composite particle may be
particularly useful to provide enough material for analysis of compounds, such as via HPLLC
and MS. For any assays using cleavable linkers, the amount of compound on the mtenor
provides a greater concentration range.

{02597 Whle FIGS. 13A-13C schematically illustrate example reactions that may be
performed to generate a chomical compound coupled to a given composite particle, which
may be in a given subset of particles, other reactions may be performed on other particies of
other subsets so as to gencrate different chemical compounds coupled to the composite
particles of those respective subsets. The collection of composite particles, different subsets
of which may be coupled to different chemical compounds than one another, may be referred
to as a spectrally encoded chemical library, and may be used 1 assays such as will be
described in greater detail below with reference to FIGS. 16A-16C and 17.

[0268]  Tuming now to FIGS. 14A-14C, which schematically llustrate example
operations for generating a spectrally encoded chemical hbrary, chemical compounds may be
coupled to the compostte particles 1n a process that may include (3} dividing the collection of
composite particles into subsets; and (b) for respective subsets formed in operation {(a),
coupling a chernical moiety to the network polymer gel of the compaosite particles of that
subset to form a modified subset. For example, although not specifically ithustrated in FIG.
13A, the chemical motety 1301 coupled to the network polymer gel 110 of the composite
particles of a first one of the subscts {¢.g., the subset of FIG. 13A) may be different than the
chemical moiety coupled 1o the network polymer gel of the composite particles of a second
one of the subsets {¢.g.. subsets which are not illustrated). However, in some cases the
chemical moiety coupled to the network polymer gel of the composite particles of a first one
of the subsets (c.g., the subset of FIG. 13A) may be the same as the chemical motety coupled
to the network polvmer gel of the composite particles of a second one of the subsets (e g.,
subsets which are not tllustrated).

{0261}  Asillustrated in FIG. 14A, collection 1400 of composite particles 10 which is used
to form the spectrally encoded chemical hbrary may include, or may consist essentially of,
about 10° to about 10° composite particles 10 in some examples. Collection 1400 of
composite particles 10 may be divided into # subsets. In a manuner such as deseribed in
greater detall with reference 1o FEGS. 9A-9C, the subsets may be generated using a flow
cvtometer to dispense {e.g., based on output 240x from analyzer 940 related to the spectral

fingerprint of the respective particle) a first subset of the composite particles of the collection
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into a first reservoir (e.g., well 910 of a nucroplate); and using the flow eytometer to dispense
a second subset of the composite particles of the collection into a second reservoir {e.g.,
ancther well 910 of the microplate). Optionally, the composite particles may be counted as
they flow through the flow cytometer and into the first reservowr.  In some examples, the
composite particles are dispensed into the first reservoir until a predetermined number of the
composite particles are dispensed into the first reservoir. After the predetermined number of
the composiie particles are dispensed iito the first reservoir, the corapostte particles are
dispensed mto the second reservoir until a predeternined number of the composite particles
are dispensed into the second reservoir. The composite particles may be counted using the
cruission spectra, ¢.., as the composite particles cross through the interrogation point m a
manner such as described with reference to FIGS. 8A-9C. In other examples, the collection
1400 of composite particles 10 1s manually divided mto » respective reservoirs to form the »
subsets.

{0262}  The composite particles of cach subset may be identified using the respective
emission spectra of those particles, and the dentifications stored in the data stracture. For
example, for the compostte particles of respective subsets formed in operation (a), the
composite particles of that subset may be rradiated with excitation light, the emission specira
from the optically detectable particles of the composite particles of that subset respectively
may be obtained, and the emission spectra may be used to identify the composite particles of
that subset using the stored identifiers, e.g., in a manner such as described elsewhere herein
The emission spectra from the optically detectable particles of the composite particles of that
subset may be obtained one at a time, for example as the compostie particles flow through a
channel in a manner such as deseribed with reference to FIGS. 9A-9C and 10A-10D. The
cmission spectra from the optically detectable particles of the composite particles of that
subset may be obtained at any suitable time, 1Hustratively before that subset of particles is
formed, during particle subset formation, or after that subset of particles 1s formed.

{0263}  Referring still to FIG. 14A, different subsets of the collection 1400 of composite
particies 10 may be coupled to different chemical moicties than ove another in a similar
manner as deseribed with reference to FIG. 13A. For example, in FIG. 14A, compostie
particles 10 may be divided into subsets denoted [1-17, [1-21, ... {1-#], m which the leading
“1” denotes that the subset is formed for use in the first synthesis cyele, and the trailing
ovumber 1, 2, .7 denotes a label for the respective subset. Subset [1-1] of composite
particles 10 may be coupled to chemical moicty 1401 to form a modified subset [1-17]; subset

[ 1-2] of composite particles 10 may be coupled to chemical moiety 1402 to form a modified
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subset [1-27]; and subsct [ 1] of composite particles 10 may be coupled to chemical moiety
1403 to form a modified subset {127, where chemical moseties 1401, 1402, and 1403 are
different than one another. In some examples, moieties 1401, 1402, 1403 respectively are
coupled to network polvmer gel 110 via motetics 140 in a manner such as deseribed
elsewhere herein. An identifier of the chemical motety 1401, 1402, or 1403 which is coupled
to the respective subset may be stored in the data structure for each of the composite particles
of that subset. Nonluotting examples of the format of such wdentifier are provided clsewhere
herem.

{02647  The method of gencrating the spectrally encoded chemical Hbrary further may
mehade {c) poching the modified subsets of operation {(b) to form a modified collection of
composite particles. For example, as illustrated in FIG. 14B, the modified subsets [1-17], [1-
271, ... {1-#"} may be pooled with one another, e.g., mixed in a common solvent with one
another, to form a moditfied collection 14007 of composite particles. Operations similar to
those described with reference to FIG. 14A then may be performed using the modified
collection. For example, the method of generating the spectrally encoded chemical hibrary
further may inclade (d) dividing the modified collection of compostte particles of operation
{c} into subsets; and (¢} for respective subsets formed in operation {d), coupling a chemical
moicty to the chemical moiety which was coupled to the network polvmer gel 1o operation
{b) to form a modified subset. For example, in FIG. 14B, collection 14007 of the pooled
subsets from the first synthesis cycle may be divided into subsets denoted [2-11, {2-21, ...{2-
%], in which the leading “2” denotes that the subset is formed for use in the second synthesis
cvele, and the trailing number 1, 2, . » denotes a label for the respective subset. In a manner
similar to that described with reference to FIG. 14A, enussion spectra from the compostie
particles of respective subsets formed in operation (d) may be obtained, for example by
wrradiating the composite particles of that subset with excitation light; respectively obtaining
the emission spectra from the optically detectable particles of the composite particles of that
subset; and using the emission spectra to dentify the composite particles of that subset using
the stored identifiers.

18268]  Chemical moiety 1401 of subset {2-17 of composite particles 10 may be coupled to
chemical motety 1404 to form a modified subset [2-17] chemical motety 1402 of subset [2-2]
of composite particies 10 may be coupled to chemical moiety 1405 to form a modified subset
[2-27}; and chemical moiety 1403 of subset {2-77} of composite particles 10 may be coupled to
chemical moiety 1406 to form a modified subset [2-°], where chemical moieties 1404, 1405,

and 1406 may be different than one another, or may be the same as one another. An

-57-



WO 2025/085861 PCT/US2024/052134

identifier of the chemical moicty 1404, 14053, or 1406 which is coupled to the respective
subset may be stored in the data stracture for each of the composite particles of that subset.
{8266}  Optionally, operations {¢) through (¢} may be repeated tor the modified coliection
of composite particles any desired number of times, e.g., between one and five times. For
example, a collection of the pooled subsets from the second synthesis cvele may be divided
into subsets. In a manner similar to that described with reference to FIG. 14A, emission
spectra from the compostie particles of respective subsets formed m the repeated operation
{d} may be obtained, for example by 1irradiating the composite particles of that subset with
excitation hight; respectively obtaining the emission spectra from the optically detectable
particles of the composite particles of that subset; and using the emission spectra to identify
the composite particles of that subset using the stored identifiers. Chemical moieties of the
respective new subsets of composite particles 10 may be coupled to additional chemical
moietics to form modified subsets. The chemical moicties which are added may be different
than one another, or may be the same as one another. An identifier of the chemical moiety
which 1s coupled to the respective subset may be stored in the data structure for cach of the
composite particles of that subset. The modified subsets resulting from the repeated synthesis
cveles form a spectrally encoded library. Optionally, the modified subsets may be retained
scparatcly from one another. Alternatively, as tlustrated i FIG. 14C, the modified subsets
optionally may be pooled together.

{8267}  Note that as the composite particles progress through different syathesis eycles
{c.g.., the furst and second synthesis cycles respectively described with reference to FIGS. 14A
and 14B, the operations (b) and (¢} {or repeated operations {c}} build (i} the chemical
compound coapled to the composite particles of the first group of composite particles
mentioned further above, and (i1} the chemical compound coupled to the composiie particles
of the second group of composite particles mentioned further above. Furthermore, the stored
wdentifiers of the chemical moieties which are added to those composite particles during the
respective cyeles describe the syathetic history of each such composite particle.
Wustratively, for the composite particles of respective subsets formed 1o operation {d) {or
repeated operation {d}}, the identifier for the chemical compound which 1s coupled to those
composites particle may inchude (1) an identifier for the chemical moiety which is coupled to
the network polymer gel in operation (b) and {1} an idendifier for the chemical moiety which
is coupled n operation (e} {or repeated operation {¢)) to the chemical moiety which was
coupled to the network polymer gel in operation (b}, Accordingly, using the emission

spectrum of a given composite particle 10, the full synthetic history of that composite particle
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- that is, the identifiers for the sequence of chemical moietics that were coupled to that
composite particle — may be readily located within the data structure, regardless of whether
that composite particle 1s located within s own subset, 1s located with a pooled collection of
subsets, or i3 being assaved in a manner such as will be described further below, e.g., with
reference to FIGS. 16A-16C and 17.

{0268} It will be appreciated that a wide vanety of data structures, and a wide variety of
data formats, suitably may be used to store the identifiers for the composite particles and thewr
respective chemical compounds. Nonlimiting examples of data structures include relational
databases, NoSQL databases, columnar databases, wide colomn databases, object-oriented
databases, and the like. In some examples, the identifiers for the composite particles may
mclude hists of wavelengths having peaks in the emission spectra. For exarople, as noted
above, the optically detectable particles 120 within a first composite particle 10 respectively
may emit light at wavelengths A1, X2, A, and 24, and the optically detectable particles 120
within a second composite particle 10 respectively may emit light at wavelengths As, s, Ao,
and 2z, where the different subscripts denote a unique wavelength. In this example, the
identifier for the first composite particle 10 may inclade a mumerical hst of the wavelengths
A1, A2, Az, and Ra (Hustratively, 1151 am, 1182 am, 1208 nm, and 1330 nm) having peaks in
that comaposite particle’s emission spectrum, and the identifier for the second composite
particle 10 may inclade a mumerical list of the wavelengths As, %6, A7, and As (llustratively,
1250 nm, 1442 nm. 1512 nm. and 1549 nm) having peaks in that composite particle’s
emission spectrum. Thus, a composite particle whach is later deternuned to have the emission
peaks 51 nm, 1182 nm, 1208 nm, and 1330 nm may be identified as being the first
composite particle by deternuning that the wavelengths in the later measured spectrom match
the wavelengths in the eardier measured spectrurn of that composite particie, and a composiie
particle which 1s later determined to have the emission peaks 1250 nio, 1442 wm, 1512 nm,
and 1549 nm may be identified as being the second composite particle by determining that
the wavelengths in the later measured spectrum match the wavelengths in the eardier
measured spectrurn of that composite particle.

{8269]  Altematively, the identifiers for the composite particles 10 may include bits
representing wavelengths having peaks in the enussion spectra. That is, rather than
alphanumerically describing a given emission wavelength (illustratively, 1151 num} from a
corapostite particle, the data structure may nclude bit(s) that represent that such wavelength
was emitted from that composite particle. In one nonlimiting, purely Hlustrative example in

which there are m wmique types of optically detectable particles within the collection of
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composite particles, cach type having its own wavelength A%, the possible combinations
of optically detectable particles 120 that may be present {e.g., randomly} within a given

composite particle may be represented 1n the data structure by an m x 1 columan vectorora i
% m row vector, wherein cach element of the vector is a 1”7 when that wavelength is emitied

>

by that composite particle, and 3 “0” when that wavelength is not emitted by that composite
particle. A first example composite particle 10 may be identified by a 1 x m row vector sach
as:

{6 & i & i G 8 0 1 IR

representing that the first composite particle emitted the third wavelength (from which it may
be understood that i mcluded the third type of optically detectable particle); emitted the fifth
wavelength (from which it may be understood that it included the fifth type of optically
detectable particle); emitted the ninth wavelength (from wiuch it may be understood that it
included the ninth type of optically detectable particle); and did not emit sther wavelengths
{from which it mayv be understood that it did not include other types of optically detectable
particles). A second example composite particle may be identified by a | # m row vector
such as:

i1 i G L ] 6 8 9 8 14,

representing that the second composite particle emitted the first wavelength (from which 1t
may be understood that it mcheded the first type of optically detectable particle}; emitted the
fifth wavelength (from which it may be understood that it included the fifth type of optically
detectable particle); emitted the mith wavelength (from which it may be understood that it
meluded the mth type of optically detectable particle); and did not emit other wavelengths
{from which it may be understood that 1 did not tnclade other types of optically detectable
particles). Note that although both the first and second composite particles may emit the fifth
wavelength, the presence of other wavelengths i these particles” enussion spectra allow the
composite particles to be readily distinguished from one another. Thus, a composite particle
which is later determined to have the 1 < m row vector:

{0 LU i L 1 G G U i IR

may be identified as being the first composite particle based on a determination that the row
veetor for the later measured spectrum matches the row vector for the earlier measured
spectrum of that composite particle. and a composite particle which is later determined to

have the | x m row vector:
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it 8 8 L 1 () 8 8 8 11,

may be identified as being the second composite particle based on a determination that the
row vector for the later measured spectrum matches the row vector for the earlier measured
spectrum of that composite particle.

{0270] It will be appreciated that the data structure may store any other suitable
representation(s) of composite particles’ respective spectral fingerprints, that identify the
composite particles. It will further be appreciated that the above exaraple composite particles
with three or four emussion wavelengths may be highly simplified, and that the present
composite particles may inchede any suitable number of optically detectable particles. More
generally, it should be understood that the wavelengths enutied from different particles may
be represented in the data structure in any surtable manner, e.g., graphically (for example, a
graphical representation of the emission spectram), numerically, alphanumerically, or using
bits, in anv suitable manner in which a given emitted wavelength is uniguely represented
the data structure such that a given particle later may be identified as haviong, or not having,
that wavelength.

{8271}  Simlardy, the data structire may store any sutiable representations of the chemical
compounds that respectively are coupled to the composite particles. Hlustratively, the
wdentifiers for the chemical compounds which respectively are coupled to those composite
particles comprise a chronological description of chemical reactions performed using those
composite particles. An entry within such a chronological description may correspond to a
svnthesis cyvele {chemical reaction) such as described with reference to FIGS. 14A~14C and
may optionally include, for example, an 1dentification (such as name and/or chemical
struciure) of the reagents that were used in that synthesis cycle, and optionally also may
imehude one or more details of the reaction conditions, such as temperature, pH, duration of
reaction, e at which the reaction was performed, and the like. The chronological
description also indicates the order m which the chemucal reactions were performed. This
indication may be in the form of data, such as an entry in the data structure stating the time at
which the reaction was performed. Additionally, or altematively, this indication may be m
the form of metadata, such as where the temporal order of the chemical reactions is
represented by the stractural arrangement in which those reactions are deseribed i the data
structure.  In other examples, the wdentifiers for the chemical compounds which respectively
are coupled to those composiic particles may jnclude tokens chronologicallv representing
chemical reactions performed using those composite particles. For example, a token may be

or include a sequence of bits, an alphammneric value that represents a particular chemical
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reaction that was performed, and/or a pomnter to a separate entry in the database structure that
describes the chemical reaction in a manner similar to that described above for the
chronological description. Additionally, similarly as for the chronological description, the
tokens may indicate the order in which the chemical reactions were performed. This
mdication may be in the form of data, such as an entry in the data structure stating the time at
which the reaction was performed. Additionally, or alternatively, this indication may be in
the form of metadata, such as where the temporal order of the chenucal reactions is
represented by the structural arrangement in which those tokens are included in the data
structure.

{0272}  While FIGS. 13A-13C and 14A-14C may illustrate examples in which a single
type of chemical compound 1s coupled to a corresponding composite particle 10, the hbraries
may be generated so as to couple multiple different chemical compounds to a given
composite particle, e.g.. such as described with reference to FIG. 12, In such examples, the
composite particles of a first group of composite particles may include a first plurality of
different chemical compounds, and the composite particles of a second group of composite
particles may include a second plurality of different chemical compounds, wherein the
chemical compounds of the first plurality are at least partially different than the chemical
comapounds of the second plurality. Hlustratively, the first plurality of different chemical
compounds may include between two and four different chenical compounds. Similarly, the
second plurality of different chemical compounds may inchide between two and four
different chemical compounds, in some examples.

{8273}  FIG. 20A illustrates an example method for combinatonal one-bead-multiple-
compound synthesis. The method of FIG. 20A can be applied to any individual synthesis
cyele during library creation. In a first operation, a population of composite particies (beads)
is split into separate reaction vessels for compound conjugation. Then, to each reaction
vessel, two building blocks are added that possess the same fimetional group that can react
with the functional group displayed on the compostte particles. The composite particles are
then pooled n the individual reaction vessels together and mixed, before splitting the
composite particles back out into reaction vessels for another synthesis cvele. When 2
building blocks are added to each reaction vessel during a single synthesis cycle of hibrary
creation, cach composite particle will end up displaving two compounds. When 3 building
blocks are added to each reaction vessel during a single synthesis cycle of library creation,
each composite particle will end up displaying three compounds. If two building blocks are

added to reach reaction vessel during two synthesis cycles of Hbrary creation, cach composite
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patticles will end up displaying four compounds. In this method, the 2, 3, or 4 compounds
will always be paired together on each bead that they are svnthesized on. Additionally. the
corapounds on each bead are synthesized stmultancously.

{8274}  FIG. 208 illustrates another example method for combinatonal one-bead-multiple-
compound synthesis. In this method, the bead must display a functional group and then at
cast one other functional group that is protected from synthesis. Unlike the method of FIG.
204, n FIG. 208 the compounds on cach composite particle are synthesized sequentially.
More specifically, a ibrary of the first set of compounds 1s synthesized from standard cycles
of combinatorial chemistry. After synthesis, the protecting group on cach composite particle
is deprotected and more rounds of combinatorial synthesis are performed to synthesize the
second set of compounds, as shown in FIG. 20B. In FIG. 20B, the composite particles
displaying a particular compound from set one will possess a wide variety of compoonds
from set two, so no two compounds are never inherently paired together. This may make
structural deconvolution of bt beads easier. Note also that the methods of FIGS. 20A and
208 yay be used together to generate hibraries in which multiple compounds are present on
cach composite particle.

{6275} It will be appreciated that the present composite particles 10 are compatible with a
wide variety of synthetic chemical reactions for use in generating spectrally encoded
chemical libraries, ¢.g., to form small molecudes, peptides, oligonucieotides, macrocycles,
lipids, or oligosaccharides. 1o particular, the present composite particles may be coupled to
chemical compounds using condition, solvent, or reagent which is incompatible with DNA.
This freedom of choice in chemistry is notable, and of immense commercial value. In
comparison, the chemistries with which OBOC-DEL is compatible are significantly limited
by the DNA which encodes the library — if even one of the synthesis cycles damages or
destroys the DNA, for example through a condition, solvent, or reagent, then the bead to
which that DNA 1s coupled cannot be decoded, and 1ts information therefore is lost.

{0276}  FIGS. 15A-15D schematically tllustrate example reaction schemes which may be
used to generate a spectrally encoded chemical library. These schemes are believed to be
fully compatible with the present composite particles 10, and are beheved to be incompatible
with a DNA-encoded library. Nonlimiting examples include covalent attachment of small
molecules to surface functionality provided on spectrally encoded composite particles
through such reactions as anmide formation between primary or secondary amime and
carboxyhc acid, Mitsanobu reaction between alcohols to form cthers, and Povarov reaction

(inverse aza-Diels-Alder reaction) to form heterocyeles. These examples of “on-particle”
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small molecule chemistry should not be viewed as imiting the scope of the present
disclosure. For example, with amide bond formation, temperatures and coupling reagents
may be used that are incompatible with DNA in order to use weak nucleophiles/electrophiles
and stencally-hindered amines (FIG. 15B) and carboxvhic acids (FIG. 15A). The Mitsunobu
reaction (reaction of two alcohols to form an ether bond) 1s incompatible with the 3 7-hydroxyl
of DNA and is very sensitive to the presence of water (FIG. 15(}. The Povaroy
heterocyclization is incompatible with DNA because it needs an acidic environment, and
acids depurinate DNA and cause strand scission. (FIG. 15D). For further details regarding
damage that different chemical compounds and conditions may cause to DNA, sce Sunkan ot
al., “Tmpact of organic chemistry conditions on DNA durability in the context of DNA-
encoded hibrary technology,” tScience 26: 1875373 (2023}, the entire contents of which are
mcorporated by reference herein.
{02777 A wide varicty of other combinatorial chemistries for generating a chemical library
on a bead are known in the art, for example as described i Lam et al., “The ‘One-Bead-One-
Compound’ Combinatorial Library Method,” Chem. Rev. 97: 411-448 (1997}, the entire
contenis of which are incorporated by reference hercin.

Systems and methods for performing binding assays on chemical fibraries using

composite particles
{8278}  From the wide variety of chemistries that are compatible with the present
composite particles, it will be appreciated that the present spectrally encoded chemical
librarics using such particles may be used 1 a variety of different assays.
{8279}  In some examples, a method of detecting binding between different chenmcal
compounds and a target may include incubating the target with a collection of composite
particles 10, determining whether the target binds to the chemical compounds of respective
coraposite particles, and wdentifving the chenucal compounds using enission specira from the
respective composite particles. FIGS. 16A-16C schematically illustrate example bmding
assays that may be performed using a composite particle coupled to a chemical compound.
Ulastratively, as shown in FIG. 16A, and in a manner such as described with reference to
FIGS. 11 and 12, the composite particle 10 of the collection may include a plurality of
optically detectable particles 120, a network polymer gel 110 substantially surrounding the
optically detectable particles; and a chemical compound 1601 coupled to the network
polymer gel. Additionally, in a manuer such as described with reference to FIGS, 13A-13C
and 14A-14C, at least some of the composite particles may include the same chemical

compound as one another, and at least some of the composite particles may mchide different
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chemical compounds than one another {only one such composite particle with one example
compound being shown in FIG. 14A). Althoagh the example composite particle 10 shown in
Fi(5. 16A has a contiguration such as described with reference to FIG. 1€, #f should be
appreciated that composite particle 10 may have any other configuration provided herein,
e.g., with reference to FIGS. 1A, 1B, 1D, or 1E, with any suitable combination of
compositions, modifications, and methods of manufacture such as described with reference to
FIGS. 2A-2C, 3A-3D, 4A-4C, SA-5F, 6A-6C, TA-TB, and/or 8A-8B.

{6280}  The target may bind differently to different ones of the chemical compounds. For
example, in the nonlimiting example shown in FIG. 164, composite particle 10 may be
mcubated with target 1610, Durning such incubation, target 1616 may bind to chenucal
compound 1601, may bind to other chenucal compounds in the collection of composite
particles, and/or may not bind to still other chemical compounds in the collection of
composite particles (other composite particles not specifically illustrated). Any unbound
target 1610 may be removed from the collection of composite particles, for example by
washing the particles. The composite particles of the collection, with the target 1610 bound
to different ones of the chemical compounds, may be trradiated with excifation light, and
emission spectra obtained from the optically detectable particles of respective composite
particles in a manner such as described elsewhere herein. Additionally, signals are obtained
that respectively mdicate whether the target 1610 binds to the chemical compounds of
respective composite particles. For example, as illustrated in FIG. 164 target 1610 may be
labeled with probe 1611 before the incubating. Or, for example, as tllustrated in FIG. 16B,
after target 1610 binds differently to different ones of the chenncal compounds {e.g., to
chemical compound 1601}, the target is incubated with, and binds to, an affinity reagent 1620
that is labeled with a probe 1611, Or, for example, as illustrated in FIG. 16C, afier the target
1610 binds differently to different ones of the chemical compounds {e.g., to chemical
compound 1601), the target is labeled with an unlabeled primary affinity reagent 1620, and
then the unlabeled primary affinity reagent is labeled with a secondary affinity reagent 1630
that s labeled with a probe 1611,

{0281]  Probe 1611 generates an optical signal (such as fluorescence} that may be recorded
using a photodetector in a manner such as described elsewhere herein. In some examples, the
composite particles 10 are irradiated with a first wavelength of light that stinulates the
cruission spectra of the optically detectable particles 120, and the composite paricles are
iradiated with a second wavelength of light that stimulates fluorescence which generates the

signal indicating whether the first target binds to the chemical compounds of respective
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composite particles. The composite particles may be irradiated with the first and second
wavelengths of light at different times than one another, or may be irradiated with the first
and second wavelengths of Tight at the same tune as one another. The enussion spectra and
signal may be obtained concurrently with one another, or may be obtained at different times
than one another. A nonlimiting example of system for obtaining optical signals and
emission specira from a collection of composite particles is described in greater non-limiting
detail with reference to FiGs. 9B, 10B, and 18, For example, the cnussion spectra, the
signals, or both the emission spectra and the signals, may be obtained while the composite
particles are static. Alternatively, the emission spectra, the signals, or both the emission
spectra and the signals, may be obiained while the composite particles are flowed through an
mspection point.

{3282]  The emission spectra and the signal are used to (1) identify the chemical compound
which is coupled to at least some of the composite particles and (i) determine whether the
target binds to that chemical compound. For example, in a manner such as described
elsewhere herein, the enussion spectra may be used to identify the compostie particle, and the
mformation in the data structure may be used to 1dentify the chemical compound that is
coupled to that composite particle. Additionally, the presence of the signal indicates that the
target did bind 1o that chemical compound, because if the target had not bound to the
compound then the probe 1611 would not have been present to generate the signal. Further,
the absence of the signal and detection of the compound by analytical technigues on a subset
selected to contain the compound ndicates that the target did not bind to that chemical
compound, because the compound was present but probe 1611 was not present to generate
the signal. Accordingly, these two optical readowts (emission spectra and binding signal) for
cach particle, multiplied across all of the particles in the collection, readily may be used to
determine whether a particular target binds to cach of a potentially vast number of chemical
compounds,

{6283}  Although FIGS. 16A-16C illustrate interactions between a single chemical
compound 1601 and a single target 1610, the present composite particles may be used to
determine binding between multiple chemical compounds and multiple targets. For example,
FIG. 17 schematically illustrates an example binding assay that may be performed using a
composite particle coupled to different chemical compounds. As illustrated in FIG. 17, in
addition to incubating target 1610 with the collection of composite particles, a sccond target
1710 may be mcubated with the collection of composite particles. Indeed, as illustrated in

FIG. 17, a plurality of additional targets 1720, 1730 may be incubated with the collection of
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composite particles. The second target 1710 binds differently to different ones of the
chemical compounds. Simiarly, the additional targets 1720, 1730 bind differently to
different ones of the chemical compounds. Although FIG. 17 sllustrates a total of four
different targets (at least some of which targets optionally may have multiple mstances), it
will be appreciated that the composite particles may be incubated with any suitable number of
targets, ¢.g., between two and 100 targets, or between 5 and 80 targets, or between 10 and 50
targets, or between two and 20 targets, or between two and 10 targets. The number of targets
may, in some examples, Hmited by the number of distinet optical channels that are easily
obtained via the flow cviometer used for detection. 10 is 3 simple high limit, but the most
multiplexed flow cytometer presently on the market can detect 64 different channels. It will
further be appreciated that the collection of compostite particles mav be meubated
concurrently with the target 1610 and the second target 1710 {and any additional targets), or
may be incubated with the targets at one or more different times. Any unbound sccond target
1710 moay be removed from the collection of composite particles, ¢ .g., using washing.
Similarly, anv unbound additional targets 1720, 1730 may be removed from the collection of
composite particles, e.g., using washing. It will be further appreciated that detection of
binding of a specific compound to any target wil also establish that the compound does not
bind to any other target where binding is not detected.

{284]  Signals then may be obtained indicating whether the second target 1710 binds to
the chemical compounds of respective composite particles, .., in a manner such as
descrbed with reference to FIGS. 16A-16C. For example, target 1710 may be labeled
directly or indirectly with probe 1711, Sumilarly, signals also may be obtained indicating
whether the additional targets 1720, 1730 bind to the chemical compounds of respective
composite particles. For example, target 1720 may be labeled directly or indirectly with
probe 1721, and target 1730 may be labeled directly or indirectly with probe 1731, The
signals from the various targets may include fluorescence, and the fluorescence may be at
different wavelengths., For example, fluorescence from the probe 1611 oftarget 1610 may be
at a different wavelength than fluorescence from the probe 1711 of second target 1710, As
such, from the wavelength of the signal, it may readily be determined which target had been
bound. For example, the data structure may include identities of the targets, and the
wavelength of the probe that is bound to each respective target. And again, from the
cruission spectrum of the composite particle, the chemical compound to which the target(s}

bound may readily be identified.



WO 2025/085861 PCT/US2024/052134

[8283]  Note that FIG. 17 illustrates an example n which the different targets are
mcabated with a collection of composite particles, in which each composite particle 10 may
inchude a phurality different chemical compounds 1701, 1702, 1703, 1704, ¢.g., in a manner
such as described with reference to FIG. 12, Alternatively, the different targets may be
mcubated with a collection of composite particles, in which each composite particle 10 may
include a single respective chemical compound, e.g., in a manner such as described with
reference to FIG. 11

{6286}  In another example, a collection of composite particles including different
chemical compounds is introduced with target and assay reagents into a plurality of aqueous
compartments. In one nonlimiting example, the concentration of composite particles is
selected so as to maximize the number of compartments contaming a single composite
particle. The compartments may be, for example, wells in a microarray, water-in-oil (W/()
emutlsion droplets, or water-m-oil-in-water {W/G/W} emulsion droplets. Compound is
released from the composite particle, and the contents of the agueous compartment are
incubated prior to detection. The action of the target on the assay reagents produces a
measurable signal the magnitode of which is proportional to the activity of the target of the
chemical compound. For further details of droplet microfluidic assavs with OBOC libraries,
sce MacConnell ot al., “An integrated microfluidic processor for DNA-encoded
combinatonal library functional screening,” ACS Combinatorial Science 19: 181-192 (2017),
the entire contents of which are incorporated by reference herein.

{6287} In another example, a collection of composite particles melading different
chemical compounds is introduced with target into collection of aqueous compartments. In
one nonlimiting example, the concentration of composite particles s selected so as to
maximize the nember of compartments containing a single composite particle. These
corapartments may be, for example, wells 1n a microarray, W/Q emulsion droplets, or
W/W emulsion droplets. Compound 1s released from the composite particle, and the
contents of the agueous compartment are incubated. After incubation, assay reagents are
added to cach aqueous compariment, and the contents are incubated prior to detection. The
action of the target on the assay reagents produces a measurable signal the magnitade of
which 1s proportional to the activity of the target of the chemical compound.

{6288] In some exaraples, agqueous compartments containing composite particles can be
generated within a microfluidic chanunel circurt or within a microbore tubing circuit. Agueous
compartments may be stored and incubated in a microfluidic channel circint, within a

microbore tabing circait, or within a vessel that 1s not part of any channel or tubing cirawt.
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All combinations of agueous compartment generation and storage/incubation are possible
embodiments of binding assay detection using a probe label and flow-based measurement.
One example includes W/O droplet generation n a nucrofluidic channel circuit and
mcubation of droplets in a vessel separate from any circuit.

{288]  Various methods of measuring binding signals and enussion spectra may be used,
some nonlimiting examples of which are provided below.

{0299] 1 Probe label and flow-based measurcment: a suspension of composiie particles
subjected to a binding assay are introduced into a flow path such that individual composiie
particles are analyzed sequentially. Alignment of the composite particles may oceur by using
physical barrers, sheath/focusing flow, or acoustic forces, alone or in combination.
Instrumentation and software measures and records the spectral fingerprint of cach composite
particle and the signal output of the assay, which reflects the degree of target binding to the
composite particle-displayed ligands.

{6291} 2. Probe label and static measurement: a suspension of composite particles
subjected to a binding assay are deposited on a surface. Instrumentation and software
measures and records the spectral fingerprint of each composite particle and the signal outpuot
of cach assay. For further details of array assays with OBOC compounds, see Xiao etal |
“hamobilized OBOC combinatorial bead array to facilitate multiplicative screening.” Comb
Chem High Throughput Screen, 16:441-448 (2013), the entire contents of which are
incorporated by reference herein.

{62921 3. Probe label and flow measurement: a suspension of composite particles
subjected to a binding assay are introduced into a flow path that deposits individual
composite particles into discrete aqueous compartments with a sebstrate for the probe. These
adqueous compartments could be part of W/ croualsions or W/O/W emulsions. The action of
the probe on the substrate produces a measurable signal. After incubation of the composite
particles with the substrate, the aqueous compartments are introduced into a flow path such
that they are analyzed sequentially. Physical alignment of the aqueous compartments may
occur by using physical barriers, sheath or focusing tlow, or acoustic forces, alone or
combination. Instrumentation and software measures and records the spectral fingerprnt of
cach composite particle and the signal produced by the probe.

{6293} 4. Probe label and static measurement. a suspension of composite particles
subjected to a buinding assay arc introduced o the wells of a microarray along with probe

substrate. After isolation of the microwells and subsequent incubation, instrumentation and
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software measures and records the spectral fingerprint of each composite particle and the
signal produced by the probe.

{0294]  Possible crabodiments of binding assay detection using a probe label and flow-
based measurement include: a commercial or custom-built flow cytometer instrument; a
commercial or custom-built fluorescence-activated cell-sorting (FACS) instrument; a
commerecial or custom-built microfluidic chanuel circuit with accompanying signal detection
hardware and software; a conunercial or custom-built microbore tubing circuit with
accompanying signal detection hardware and software. There is no preferred embodiment
because each would have similar performance.

{0295}  Possible ermobodiments of binding assay detection using a probe label and static
measurement include: a commercial or custom-built scanning microscope; a commercial or
custom-built whole well imager; a commercial or custom-built flucrescence scanning
platform. For maximized throughput, a scaniing microscope or whole well imager are the
preferred erobodiments.

[8296]  Poussible embodiments of binding assay detection using a probe label and flow-
based measarement include:

{6297} 1. W/O droplets containing composite particles can be generated within a
microfluidic channel circuit or within a microbore tubing circuit. W/O droplets can be stored
and incebated in a microfhudic channel circuit, within a microbore tubing circuit, or within a
vessel that is not part of any channel or tubing circuit. W/O droplets can be detected in flow
within a microfluidic channel circuit or within a microbore tubing circuit. All combinations
of W/ droplet generation, W/ droplet storage/meubation, and W/ droplet detection in
flow are possible embodiments of binding assay detection using a probe label and flow-based
measurement.

{0298} 2.  W/O/W droplets containing composite particles can be generated within a
microfluidic channel cirenit or within a microbore tubing cirenst. W/O/W droplets can be
stored and incubated in a microfluidic channel circuit, within a microbore tubing circuit, or
within a vessel that is not part of any channel or tubing circuit. W/O/W droplets can be
detected n flow within a nucrofluidic channel circuit, within a microbore tubing circuit,
within a flow cyvtometer, or within a FACS instrument. All combinations of W/O/W droplet
generation, W/O/W droplet storage/incubation, and W/O/W droplet detection in flow are
possible emboduments of binding assay detection using a probe label and flow-based

measurement.
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{82951  One nonlimiting example uses W/O droplet generation in a microfluidic channel
cireuit, incubation of droplets in a vessel separate from any circuit, and then mmtroduction of
droplets on a mucroftuidic channel circuit for detection. This embodiment gives the best mix
of incubation time flexibility and throughput.

{B3308]  Possible embodiments of binding assay detection using a probe label and static
measurement include: a commercial or custom-butlt scanning microscope; a commercial or
custor-built whole well imager; a commercial or custom-~buikt fluorescence scanning
platform. For maximized throughput, a scanning microscope or whole well imager are the
preferred embodiments.

Activity assay detection:

{8301} Compound is released from the composite particles into discrete aqueous
compartments and subjected to a set of activity assay conditions that are analvzed on one or
multiple instruments that 1} detect the spoctral fingerprint of cach composite particle and 2)
detect the activity assay result. These two detection events can occur simultancously or with a
spatial or temporal offset. These two detection events can also oceur in flow or under static
conditions. Ideally, one instrument detects the spectral fingerprint of the composite particle
and the magnitude of target activity simultaneously, as this maximizes the simplicity and
throughput of the screcning process.

{302}  For activity assays, 3 static measurement is defined here as a measuwrement made
while some fraction of each aqueous compartment’s surface area is bounded directiy by a
solid surface and the compartment is tomobile relative to the solid surface.

{8303]  For activity assays, a flow-based measurement 1s defined here as a measurement
made while cach agueous compartment’s surface area is compietely bounded by a hguid
phase and the compartment moves through a static measurement point.

{0304] 1. Static measurement: afier incubation of target, compound and assay reagents
m each aqueous compartment, mstrumentation and software measures and records the
spectral fingerprint of cach composite particle and the signal produced by the action of the
target on the assav reagents. Possible embodiments of activity assay detection with static
measurement include: a commercial or custom-bwilt scanning microscope; a commercial or
custom-built whole well imager; a commercial or custom-built fluorescence scanning
platform.

{0305 2. Flow-based measurement: after incubation of target, compound and assay
reagents, the aqueous compartments are introduced nto a flow path such that thev are

analyzed sequentially. Physical alignment of the aqueons compartments may occur by using
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physical bamers, sheath or focusing flow, or acoustic forees, alone or in combination.
Instrumentation and software measuores and records the spectral fingerpring of each composite
particle and the signal produced by the target.

{B306]  Agqueous compartments can be detected in flow within a microfluidic channel
circuit, within a microbore tubing circuit, within a flow cytometer, or within a FACS
mstrument. The preferred embodiment is introduction of droplets on a microttuidic channel
circutt for detection, which provides the best combination of usability and throughput.
Cell-based activity assays:

{83077  Compound is released from the composite particies into discrete agqueous
corapartments containing cells and subjected to a set of activity assay conditions that are
analvzed on one or multiple instruments that 1) detect the spectral fingerprint of each
composite particle and 2} deteet the activity cell-based assay resolt. These two detection
gvenis can occur sinultancously or with a spatial or temporal offset. Ideally, one instnument
detects the spectral fingerprint of the composite particle and the magnitude of target activity
simultancously, as this maximizes the simplicity and throughput of the screening process. For
further details of cell-based array assays with OBOC compounds, see Townsend et al.
“Jeffamme derivatized TentaGel beads and poly{dimethylsiloxane} microbead cassettes for
ultrahigh-throughput n situ releasable sohution-phase cell-based screening of one-bead-one-
compound combinatorial small molecule libraries.” J Comb Chem., 12:700-712 (20103, the
entire contents of which are incorporated by reference herein.

Composite particle validation

{6308} At any time post-library generation, composite particles can be sorted into subsets
based on their library member(s), e.g., using system 1005 described with reference to FIGS.
10A-10B. This is possible because 1) the number of composite particles present i library
synthesis 1s much larger than the number of umigue hibrary members and 2) the chemical
matter associated with cach composite particle has been registered in a database via its
spectral fingerprint. Composite particle subset generation based on Hibrary member selection
can be used to check the quality or success of hbrary generation, or to validaie the identity of
“hits” as true positives and “non-luis” as true negatives.

{83091  Enrichment of composite particles possessing a specific compound or compounds
can be accomplished using an instrament that detects the spectral fingerprint of each
coraposite particle in a compostie particle collection, compares cach speciral fingerprintto a

registry of known spectral fingerprints that pertain to composite particles with the desired
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chernical matter, and separates composite particles that have spectral fingerprints matching
the desired compound(s) from the collection.

{6316}  The preferred embodiment consists of a customized FACS mstrument with the
requisite optics for particle detection. The output of the FACS mstrument is coupled to a
fluidic system that enables sorted composite particles to be dispensed into individaal tubes or
wells in a microplate. Composite particle subscts are defined as the identities of the
composite particles in cach separate vessel. A microfluidic device that uses diclectrophoresis
could also be used to detect and sort composite particles based on their spectral fingerprints.
{6311}  After subsets containing composite particles with the same chemical incorporation
history have been isolated in separate vessels, thev can be subjected to chemical or physical
conditions that trigger compound release from the composite particles. Supernatant
containing cleaved compound(s) 1s 1solated from the composite particles and can be assessed
to measure library generation metrics and/or to vahidate assay results.

{06312}  Compound dentity, purity and synthetic vield can be determined usmg UPLC or
HPLC coupled to MS or MS/MS detection. Crude cleavage product can be used to vahdate
the screening results vsing cither isothermal titration calorimetry (ITC), fhuorescence
polarization, or activity-hased assavs.

{8313}  FIG. 18 schematically illustrates the optical components of an example system
1800 for identifving composite particles and detecting the respective results of binding assays
performed using those particles. As shown, system 1800 can include at least one infrared
laser 1815 and a plurality of optical lasers 1812a, 1812b, 1812¢, 1812d. Fach oflasers 1815,
1812a, 1812b, 1812¢, 1812d can emit lght in the form of a laser beam. The wavelengths of
the laser beams emitted therefrom can range between 325 nm to 3300 nm. System 1800 can
be the optical system for systems 905 or 1005, which also include fluidics and other
coraponents for bead transport and sorting {10035 only).
{0314]  Light 1812x from lasers 1812a (i), 1812b (32), 1812¢ (33}, 1812d (B4} and light
1815x from laser 1815 respectively, can be focused to pass through dichroie mirrors 1821a,
1821b, 1821c, 1821d that propagates the light to an interrogation point 1890 where at least
one compostte particle would be flowing dunng operations, similar to flow cells 930, 1030
described previously i FIGs. 0C and 10C, respectively. A, A2, A3, and A4 may be different
than one another, and different than the wavelength of light 1815x. During operations, the
coraposite particles flow typicallv one at a time, 1 a stream to the focused laser beams of

lasers 1815, [812a, 1812b, 1812¢, 18124 for mterrogation.



WO 2025/085861 PCT/US2024/052134

{8315} A forward scatter detector 1839 can be immediately downstream of point 1890 to
receive hight 1812x scattered by the composite particles. An emission collection lens 1831
can be immediately downstream of point 1890 to collect hight 1812x, 1815x side-~scatter and
fluorescence optical signal {e.g., signal related to fluorescently-labeled targets or affinity
reagents), and direct this light to an array of second dichroic mirrors 1823a, 1823b, 1823c,
1823d. 1823¢ downstream thereof. Mirrors 1823a. 1823b. 1823¢. 1823d, 1823e can receive
and further propagate cmussion light. In some examples, murrors 1823a can propagate light
1815x to an optical particle detector 1836, In some examples, mirrors 1823b, 1823¢, 18234,
1823e can propagate focused hight 1812x to band pass filters 1833a, 1833b, 1833¢, 18334,
respectively. Filters 1833a, 1833b, 1833¢, 1833d are configured to absorb or otherwise
reflect unwanted wavelengths of focused light 1812x, and only transmit aspeets of the visible
light spectram to an optical particle detectors 1 1834a, 1834b, 1834¢, 1834d. In some
examples, mirror 1823¢ can propagate focused hight 1812x to a side-scatter detector 1838,
{0316} Fach of detectors 1839, 1838, 1836, 1834a, 1834b, i834c¢, 18344 can transout
respective detector output to analyzer 1840, Analvzer 1840 can mclude one or more
computing systems and be configured to read forward-scatter values, side-seatter vahies,
particle count, a spectral fingerprint, and other spectral information of cach particle excited
by light from system 1800, The number of tasers of system 1800 can vary depending on how
many fluorophores the system is designed to detect. Une of skill in the art will recognize that
the number of lasers and mirrors is not lmited to the svstem 1800 depicted in FIG. 18, but
can include any nuwmber of lasers as well as detectors, mirrors, beam splitters, filters, and the
like at various wavelengths and mn various different configurations.

{83177 FIG. 1915 a computer architecture diagram showing a general computing system
capable of implementing aspects of the present disclosure in accordance with one or more
embodiments described herein, such as the analyzer 940, 1040, 1840 as well as components,
sub~-systems, and operations related to systems 9035, 1005, and 1800, In any of these example
implementations, computer 1900 of the aforementioned may be configured to perform one or
more fimetions associated with crabodiments of this disclosure. For example, the computer
1900 may be configured to perform operations in accordance with those examples shown in
FIGS. o 18, I should be appreciated that the computer 1900 may be mmplemented within a
single computing device or a computing system formed with multiple connected computing
devices. The computer 1900 may be configured to perform vartous distributed computing
tasks, in which processing and/or storage resources may be distributed among the multiple

devices. The data acquisition and display computer 1950 and/or operator console 1910 of the
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system shown i FIG. 19 may include one or more systems and components of the computer
1800,

{8318}  As shown, the computer 1900 1ncludes a processing unit 1902 ("CPU”), a system
memory 1904, and a system bus 19019 that couples the memory 1904 to the CPU 1902, The
computer 1900 further includes a mass storage device 1912 for storing program modules
1914, The program modules 1914 may be operable to analyze data from any herein disclosed
output data from detectors and other components of a respective system, read compaosite
particle spectral information, perform other analvtics related thereto, and/or control any
related operations of the system. The program modules 1914 may mchede an application
1918 for perfornung data acquisition and/or processing functions as described here, for
example to acquire and/or process any of the herein discussed data feeds. The computer 1900
can include a data store 1920 for storing data that may mchude data 1922 of data feeds {e.g.,
output data from detectors of a respective system).

{6319}  The mass storage device 1912 is connected to the CPU 1902 through a mass
storage controller {not shown) comnected to the bus 19019, The mass storage deviee 1912
and its associated computer-storage media provide non-volatile storage for the computer
1900, Although the description of computer-storage media contained herein refers to a mass
storage device, such as a hard disk or CB-ROM dnve, it should be appreciated by those
skilled in the art that computer-storage media can be any available computer storage media
that can be accessed by the computer 1900,

[6326] By way of example and not lonitation, computer storage maedia (also referred to
herein as “computer-readable storage mediom” or “computer-readable storage media”) may
mchude volatile and non-volanle, removable and non-removable media implemented i any
method or technology for storage of information such as computer-storage instractions, data
structures, program modules, or other data. For example, computer storage media includes,
but 15 not hmuted to, RAM, ROM, EPROM, EEPROM, flash memory or other solid state
memory technology, CD-ROM, digital versatile disks ("DVD™), HD-DVD, BLU-RAY . or
other optical storage, maguetic cassettes, magnetic tape, maguetic disk storage or other
magnetic storage devices, or any other medium which can be used to store the desired
mformation and which can be accessed by the computer 1900, “Computer storage media”,
“computer-readable storage medium” or “computer-readable storage media” as described
herein do not include transitory signals.

{8321]  According to various embodiments, the computer 1900 may operate in a

networked enviromment using connections to other local or remote computers through a

-85



WO 2025/085861 PCT/US2024/052134

network 19119 {e.g., previous network 108) via a network mterface unit 1910 connected to
the bus 19019, The network mterface unit 1910 may facilitate connection of the computing
device inputs and outputs to one or more suitable networks and/or connections such as a local
area network (LAN), a wide arca network (WAN), the Internet, a celiular network, a radio
frequency (RF} network, a Bluctooth-cnabled network, a Wi-Fi enabled network, a satellite-
based network, or other wired and/or wireless networks for comamunication with external
devices and/or systems.

{83221  The computer 1900 may also include an mput/output controller 1908 for receiving
and processing nput from any of a sumber of mput devices. Input devices may inchude one
or more of keyboards, mice, stylus, touchscreens, microphones, audio capturing devices, and
image/video capturing devices. An end user may utilize the input devices to interact with a
user nterface, for example a graphical user interface, for managing varicus functions
performed by the computer 1900, The bus 19019 may enable the processing unit 1902 to
read code and/or data to/from the mass storage device 1912 or other computer-storage media.
{6323]  The computer-storage media may represent apparatus n the form of storage
clements that are implemented using any suitable techmology. inclading but not himited to
semiconductors, magnetic materials, optics, or the like. The computer-storage media may
represent memory components, whether characterized as RAM, ROM, flash, or other tvpes of
technology. The computer storage media may also represent secondary storage, whether
implemented as hard drives or otherwise. Hard drive implementations may be characterized
as solid state or may include rotating media storing magnetically-encoded information. The
program modules 1914, which include the data feed application 1913, may mclude
mstractions that, when loaded mto the processing unit 1902 and exccuted, cause the computer
1900 to provide functions associated with one or more embodiments ilfustrated in the figures
of'this disclosure. The program modules 1914 may also provide vanous tools or techniques
bv which the computer 1900 may participate within the overall systems or operating
environments using the components, flows, and data structures discussed throughout this
description.

{8324]  In general, the program modules 1914 may, when loaded mito the processing amit
1902 and executed, transform the processimg umit 1902 and the overall computer 1900 from a
gencral-purpose computing system into a special-purpose computing systern. The processing
unit 1902 may be constructed from any number of transistors or other discrete circuit
elements, which may individually or collectively assume any number of states. More

specifically, the processing anit 1902 may operaie as a finite-state machine, in response to
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executable instructions contained within the program modules 1914, These computer-
executable instractions may transform the processing unit 1902 by specifving how the
processing unit 1902 transitions between states, thereby transfomung the transistors or other
discrete hardware elements constituting the processing umit 1902,

{3325]  Encoding the program modules 1914 may also transform the physical structure of
the computer-storage media. The specific transformation of physical structure may depend
on vartous factors, 1o different implementations of this description. Examples of such factors
may include but are not limited to the technology used to implement the computer-storage
media, whether the computer storage madia are characterized as primary or secondary
storage, and the like. For example, if the computer storage media are implemented as
seniconductor-based memory, the program modules 1914 may transform the physical state
of the semiconductor memory, when the software is encoded therein. For example, the
program modules 1914 may transform the state of transistors, capaciiors, or other discrete
circutt clements constituting the semiconductor memory.

[8326]  As another example, the computer storage media may be implemented using
magnetic or optical technology. In such implementations, the program modules 1914 may
transform the physical state of magnetic or optical media, when the software is encoded
therein. These transformations may include altering the magnetic characteristics of particular
locations within given magnetic media. These transformations may also include altering the
physical features or charactenstics of particolar locations within given optical media, to
change the optical characteristics of those locations. Other transformations of physical media
are possible without departing from the scope of the present description, with the foregomng
examples provided only to facilitate this discussion.

{8327}  According to certain erabodiments, the above-descnibed data feeds may be stored
n databases such as database servers that store master data, event related data, response plan
data, telemetry information, and mission data as well as logging and trace information. The
databases may also provide an API and/or AP1 access {e.g, for open source) to the web
server for data nterchange based on JSON specifications. Tn some embodiments, the database
may also directly interact with systems and monttoring devices to wdentify, determine, and
control response operations. According to certain embodiments, the database servers may be
optimally designed for storing large amounts of data, responding quickly to incoming

requests, having a high availability and historizing master data.
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WORKING EXAMPLES
{83281  The following examples are intended to be purely illustrative, and not lamiting of
the present rvention.
Example |
{B#329] A monomer mix was prepared from 6.5 mol% 2-hydroxy-2-methylpropiophenone,
4.7 mg (10 mol%) N-(-aminopropylimethacrylamide HCL 25 9 mg (11.5 mol%) N1.N37-
bis{3-methacrylamidopropyi)-4,7,10,13,16,19,22,25 78 31 34~
undecaoxaheptainacontanedianmide, and 44.0 mg (72.0 mol%) N-{2-(2-(2-
methoxyethoxy jethoxyethyDmethacrylamide were dissolved in 142 pl. of 30% (viv)
acetontirile m ultrapure water {(18.0 MQ-cm) such that the solution was 33% (w/w)
acrylamide monomers. Prior to monomer nux construction, both the ultrapure water and
acetonitrile were sparged with argon for 20 min. The monomer mix was vortexed, briefly
sonicated, and filtered through a 0. 22-um PTFE membranc.
{63308}  ~60 million Lase particles (LPs) were obtained from Lase Innovation, Inc. and
transforred from ethanol to acctonitrile by washing with acetonitrile (3 x T mL}. The
LP/acetonitrile suspension was filtered through a 5.0 pm Nvlon mesh, pelleted by
centrifugation at 2500 rcf, and the supermatant was removed. The LP peliet was resuspended
i 100 pL. of monomer mix and sonicated for 10 sec, then vortexed bricfly. The LP/monomer
mix suspension was shaken continuously throughout bead production using a custom-
modified vortexer.
{6331} A custom-designed PDMS microfluidic device with a single 21 pm nozzle at the
cross-junction was used to produce droplets of LP/monomer mix suspension (280 mbar} in
HFE-7300 with 1.29% PicoSarf {650 mbar} as the continuous oil phase. The agacous and oil
phases were driven to the cross-junction with compressed argon using a pneumatic pressure
controller. After droplet formation at the cross-junction, the droplets exated the microfluidic
device into a piece of clear PTFE tibing (0.56 mum ID x 1.07 mm OD < 48 em length}. The
droplets were crosslinked in flow within the tubing using a 363-am LED lamp (residence
time approximately 30 mun), and collected for processing.
{8332]  The excess oil phase was removed from the collected emmilsion by filtration and
the crosslinked beads were washed with 25% {(v/v) perfluorcoctanol in acetone (1 x 4 mL),
acetone (3 x 4 mL}, methanol (3 x 4 mL}, and phosphate buffered saline w/ 0.1% Tween-20
{3 x4 mL). The bead suspension was vortexed vigorously {1 min) during each wash step.
Beads with similar propertics could be made on the same apparatus without Lase particles

mcloded in the monomer mix.
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{83331  The beads (SpectratGel beads) were charactenized for the number of differentiable
Lagse particles and their spectral fingerprint) by the method from Kwok et. al. Natare
Biomedical Engincering (8), 310-324 (2024}, the entire contents of which are mcorporated
by reference herein, replacing the cells of Kwok with the beads of Example 1. Multiple runs
were performed and the matching method from Kok et al. was used to determine the
percentage of beads identified from the original spectral signature at cach cvele. For beads
coutatning 5 or more lase particles, match rates were 60-70%, similar to those described for
cells in Kwok et.al.

{6334}  FIG. 21 illustrates a montage of images of the example SpectraGel beads
{crabedded with Lase Particles (LPs}) produced n Example | captured using Attune Cytpix.
FIG. 21 shows that the present methods effoctively produce monodisperse SpectraGel beads
that can be further used for compound svathesis.

{6338]  FIG. 22 illustrates scanning electron micrographs (SEMs) of example blank beads
(Ieft) and cxample LP-embedded beads (right} produced in Example 1, in both dark-scanning
modes {top) and bright-scanning modes (bottom}. Arrows point to LPs.

{8336]  FIG. 23 illustrates a histogram of LP incorporation in a | nmullion-bead sample
produced in Example 1.

Example 2

OMe
Crosstinked PEG-base of SpectraGel resin with N-Fmoc-RAM linker

{83377 To 3.0 mg of SpectraGel beads without Lase particles prepared by the maethod of
Example 1 ina 3 mL synnge with a 10 pm fnitted filter was added 300 pl. of 20% 4-
methylpiperidine in dimethyviformamide (DMF) and the resin was mixed thoroughly via
pipetiing and allowed to equilibrate at room temperature (~22°C) for 13 ounutes. The
solation was removed with vacuum filiration and the resin, in syringe, was washed with BMF

{6 x 300 pL} with saccessive pipetting and vacuum filtration. To the tabe contaiming the resin
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was added 200 pb of a 1.05 1 1.0 mixture of 2-(4~{({{{9H-Fluoren-9-ylymethoxy}-
carbonylamino )2, 4-dimethoxyphenyDmethviphenoxy)-acetic acid (N-Fmoc-rink anude
carboxylic acid hinker} and azabenzotrazole tetramethyluromium hexafluorophosphate
(HATL at 105 and 100 mM, respectively, in DMF. The combined reaction shurry was then
immediately mixed with pipetting and 5.2 gL (3.9 mg, 0.030 mmol) of diisopropvicthylamine
(IMEA) was added. The resin shurry was mixed via pipetting and allowed fo incubate at room
temperature with occasional agitation / pipetting for 1.5 hours. The solution was removed via
vacuum filtration and the resm was washed with DMF (5 x 300 pL) with pipetting and
applied vacoam filtration to afford the title linker, N-Fmoc-RAM, coupled to SpectralGel
resin.

Example 3

OMe
SpectraGel resin with N-Fmoc-PEGT-RAM linker
{3338} A 5.0 mg of SpectraGel resin with N-Fmoo-RAM limker from example 2 was

placed 1 a 3 ;b syringe with a 10 um fiitted filter was treated two successive times with 300
pk of 20% 4-methyl-piperidine in DMF (600 pl total) and mixed via pipetting and incubated
for 7.5 min. (13 min. total). The solution was removed with vacuum filiration and the resin
was washed DMF (6 x 300 ul) with successive pipetting and vacuum filtration. To the resin
tube was added 200 pl ofa 103 1 1.0 nuxture of 3-(2-{{{9H-fluorcn-9-vimethoxy)carbonvi|-
amino }ethoxy jpropanoic acid (N-Fmoc-PEG1 carboxylic acid and HATU at 105 and 100
mM, respectively, in DMF. The reaction shurry was then immediately mixed with pipetting
and 3.2 pL (3.9 mg, 0.030 vuvol) of dusopropylethylamine (DIEA) was added The resin
containing reaction slurry was again mixed via pipetiing and allowed to incubate at room
temperatare with occasional agitation / pipetting for 1.5 hours. The solution was removed via
vacuum filtration and the resin was washed with DMF (5 x 300 L) with pipetting and
applied vacuum filtration to afford the title linker, N-Fmoc-PEG1-RAM, coupled o

SpectralGel resin.
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Example 4

Crosslinked PEG of SpectraGel resin with N-Fmoc-Photolabile Imker (N-Fmoce-PCL}

{6339} Toa 3.0 mg of SpectraGel withowt Lase particles prepared by the method of
Example | ma 3 mL syringe with a 10 pm fritted filter was added 300 pl of 20% 4-
methylpiperidine in dimethylformamide (DMF) and the resin was mixed thoroughly via
pipetting and allowed to equilibrate at room temperature for 15 minutes. The solution was
remaved with vacuum filtration and the resin, in syringe, was washed with DMF (6 x 300
pl) with successive pipetting and vacuum filiration. To the resin tube was added 200 pb of a
1.05 ¢ 1.0 maxture of 4-{4-{ 1-(9)-Fluorenylmethyloxycarbonylaninolethyli-2-methoxy-5-
nitrophenoxy butanoic acid (N-Fmoc-Photolabile-linker) and HATU at 105 and 100 mM,
respectively, 1o DMFE. The combined reaction sturry was then mmmediately mixed with
pipetting and 5.2 pL (3.9 mg, 0.030 mmol) of ditsopropylethyvlamine was added. The reaction
slurry was again mixed via pipetting and allowed to incubate at room temperature with
oocasional agitation / pipetting for 1.5 hours. The solution was removed via vacuum filtration
and the resin was washed with DMF (S x 300 uL) with pipetting and applied vacuum

filtration to afford the title linker, N-Fmoc-PCL, coupled to SpectralGel resin.

Example 5

Spectrate] resin with N-Fmoe-PEG-PCL linker

{83481  The 5.0 mg of SpectraGel resin with N-Fmoc-PCL hinker from Example 4 was
placed in a 3 mL syringe with a 10 pm fritted filter was treated two successive times with 300
pk of 20% 4-methyl-piperidine in DMF (600 pl total) and mixed via pipetting and meubated
for 7.5 mun. {15 man. total}. The solution was removed with vacown filivation and the resin

was washed DMF (6 x 300 pL} with successive pipetting and vacuum filtration. To the resin
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tube was added 200 ul of a 1.05 1 1.0 mixture of 3-(2-{{(9H-fluoren-9-vlmethoxy)carbonyl}-
amino jethoxy jpropanoic acid (N-Fmoc-PEGI carboxylic acid and HATU at 105 and 100
mM, respectively, in DMF. The reaction slurry was then immediately mixed with pipetting
and 3.2 uL (3.9 mg, 0.030 mmol) of diisopropvlethylamine (DIEA) was added The resin
containing reaction slurry was mixed via pipetting and allowed to mcubate at room
temperature with occasional agitation / pipetting tor 1.5 hours. The solution was removed via
vacuum futration and the resin was washed with DMF (5 x 300 pl) with pipetting and
applied vacuoum filtration to afford the fitle linker, N-Fmoc-PEGI-PCL coupled to
SpectralGel resin.

{6341} It will be appreciated that these building blocks or any other Fmoc amino acid can
be coupled in any number or any order to generate unreleasable resing, acid release resins,
photolysis release resins or both acid and photo release resins, with a variety of hinkers before
or after any release point.

Fxample 6

183421  General procedure for amidation coupling of carboxylate functionalized ligands
onto 5.0 mg (1.4 wmol) of amine functionalized SpectralGel resin prepared by the method of
Example I with or without Lase particles.

{8343]  The rosin was added to a 3 mb syringe with a 10 um polypropvlene fritied filter.
To a 2 mL Eppendorf tube containing 0.030 mmol carboxvlate ligand is added 150 pl of a
250 mM Oxyma solution (0.0375 mmol ethyl eyanothydroxyiminojacetate in DMF
{dimethylformanide}. To the solution / shurry mixture, 4.7 mg (0.0375 mmol) N,N'-
ditsopropylcarbodiimide (DIC) was added and the contents were thoroughly mixed with
vortexing and pipetting, then allowed to equilibrate for 30-43 minutes at room temperatare.
In paraliel, the syringe containing the N-Fmoc-capped SpectraGel suspended i 500 pll DMF
was filtered under vacuwm and treated two successive times with 300 ul of 20% 4-methyl-
piperidine in DMF (600 ul. total) Hach aliquot was mixed via pipetting and allowed to
incubate for 7.5 muin. (15 nun. total}. The second aliguot was removed with vacuum filtration
and the resin was washed with DMF (6 x 300 uL) with cach wash removed by vacuum
filtration. After 30-45 nun. in the eppendorf tube, 150 pL of this preactivated carboxylate
shurry was transferred to the syringe containing the hnker-NH? functionalized SpectralGel
resin suspended in 150 L of 300 mM 2.4,5-collidine (0.045 mumol) in DMF. The resulting
resin in reaction shurty was mixed with gentle pipetting and allowed to rest at roon
temperature with occasional agitation / pipetting for at least 1-1.3 hours. Afier this, the

resulting reaction mixture and resin (beads) was then washed with DMF (5 x 300 L), with
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pipetting and vacuum filtration to afford the title compound ligand coupled to SpectralGel
resin.

Example 7

Biotin tethered to PEGE-PEGH linker SpectralGel resin
NHBoc

O

Q
Releasable D-Biotin tethered to PEGi-Lysine-PEGH linker of SpectralGel resio {quality
control example)
{0344}  Following the method of Exampie 3, 5 mg of Bictin tethered SpectraGel Resin was
prepared from 7.3 mg of (0.030 mmeol) D-Biotin and Fooe-PEGI-Lysine-PEG-RAM resin

prepared by the methods of Examples 2 and 3.

+
NH4
O . O
HZN)E\\’/\OM N \ﬁ«“\ g\g"’ﬁ\\/\@f\/

O
{0345]  To 2.0 mg of D-Biotin-tethered PEGI-Lysine-PEGI-RAM SpectraGel resinina 3
mk syringe with a 10 pm fritted filter was added 300 pL of 95% tafluoroacetic acid (TFA),
2.5% water & 2.3% tritsopropyisilane (TIPS) solution. The mixture was mixed with gentle
vortexing and allowed to rest at room temperature for 10 minutes. The filtrate was collected
mto a 2 mL Eppendorf tube and was then concentrated until dry via nitrogen and needie
aspiration to afford D-Biotin anude PEG-Lysine-PEGI-NH2. TFA salt. ESI-MS (m/z)
found: 602.3 [M+1]"
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Example 8
G
HN )
0
9] .. 4
;
N G\/\ oo NH
) G g

O

Thalidomide (Thabdomide-4-hydroxyacetate) tethered to PEGI-PEG! SpectralGel resin
O

NBac

Releasable thalidomide-4-hvdroxyacetate tethered to PEG1-Lysine{Boc)}-PEGT SpectralGel
resin {quality control example)

{#346]  Following the method of Example 6, 5 mg of Thalidomide-4-hyvdroxyacetate
tethered PEGI-PEG] SpectraGel Resin was prepared from 10.0 mg of (0.030 mmol-{{(2-(2.6-
Dioxopiperidin-3-yi}-1,3-dioxoisomdolin-d-vljoxyjacetic acid. In parallel, thalidomide-4-
hydroxyacetate was coupled to Fmoc-PEG-Lysme(Boc)-PEG1-RAM resin with the same

reagents.
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{6347}  To 2.0 mg of thalidomide-4-hydroxyacetyl-PEG1-Lysine-PEGT-RAM tethered
SpectralGel resin in a 3 mL syringe with a 10 pum fritted filter was added 300 pl of 95% TFA,
2 5% water and 2.5% TIPS solution. The mixture was nuxed with gentle vortexing and
allowed to rest at room temperature for 10 minutes. The filtrate was collected into 3 2 mL
Eppendorf tube and was concentrated antil dry via nitrogen and needle aspiration to afford
thalidomide-4-hydroxyacetyl-PEG I-Lysine-PEG 1-NH2 TFA salt. ESI-MS (m/z) found: 690.3
M+

Example 9

HN
S O
0, HN. 20

O O
; NJL\/\DNO%N}L‘/\ONNH
H H OH
HoN
O

Glutathione tethered to PEG1-PEG2 SpectralGel resin
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Releasable glatathione tethered to Lysine(MCA}-PEG-Lysine-PEG2 SpectralGel resin

{quality control example)

{3348}  Following the method of Example 6, 5 mg of chloroacetamide tethered Spectragel
Resin was prepared from 3.5 mg of (0.030 vunol) sodium chloroacetate and Fmoc-PEGI-
PEQG2 resin. In parallel, chloroacetamide was coupled to Fmoc-PEG1-Lysine{Boc)-PEG2-
RAM resm with the same reagents.

{8349]  To the resins within the syringes were then added 200 ul of 2 50 mM solution of
L-glutathione (v-L-Glutamyl-L-cysteinyl-glycine) in BDMF containing 1% H20, followed by
$.012 mmol N N-Biisopropylethylamine (BIEA), 60 mM in DMF. The rcaction mixture with
beads was allowed to mix with gentle agitation for 3 hours at room temperature After this, the
reaction rixture was removed by vacuum filtration and the resin was washed with 300 pl.
DMF (8 x 300 uL) with pipetting and vacuum filtration to afford the utle compound higand
coupled to both SpectralGel resins.

TFA salt

{3358]  To 2.0 mg of glutathione tethered acetamide-Lysine{MCA)-PEG | -Lya(Boc)-
PEG2-RAM SpectraGel resin in a 3 mb syringe with a 10 um fritted filter was added 300 L
of 95% TFA, 2.5% water and 2.5% TIPS solution. The mixture was mixed with gentle
vortexing and mcubated at room teraperature for 10 minutes. The filtrate was collected 1t a
2 mE Eppendorf tube and coneentrated until dry via nitrogen and needle aspiration to afford
glutathione acetamide-Lysine(MCA}-PEG-Lysine-PEG2-NH, TFA salt. ESI-MS (m/z)
found: 1111.5 |M+1}". 5563 [M+21

Example 10
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{6351}  To 1.0 mg of thalidonmide-~4-hvdroxyacctanude-PEG L-Lysine(Boc)-PEG1-PCL
SpectralGel resin in a single 300 pL well of a AcroPrep advance 96-well polypropylene plate
loaded with 0.20 pm wwPTFE membrane filters was added 150 uL of a 30% 10 mM
ammeonium formate (HCONHa) in water, 50% acetonitrile solution. The plate was placed
under a 353 nm Lwnmidox array lamp with controller set to 25 mW and the plate was vortexed
at 300 rpm at room temperature for 20 mimutes. The filtrate was collected into a 96-well
collection plate using vacuum filtration to afford thalidomide amide-PEGI-Lysine-PEG] as
an approximately 10 mM solution. ESE-MS (m/z) found: 690.3 [M+1717

Example 11

{8352} A 5.0 mg sample of Ghutathione-acetamide-Lysine(MCA}-PEG-Lysine-PEG2-
PCL was propared by the method of Example 9. To a 1.0 mg sample of this resin within a
single 300 uLl well of an AcroPrep advance 96-well polypropylene plate loaded with 0.20 pm
wwPTFE membrane fikers was added 150 uL. of a of a 50% 10 oM anunonium formate
(HCO:NHs) in water, 30% acetonitrile solution.. The plate was placed under a 365 am UV
Lumidox array lamp with controlier set to 23 miW and was vortexed at 500 rpm at room
temperature for 20 minutes. The filtrate was collected into a 96-well collection plate using
vacaum filtration to afford ghitathione thioether tethered PEG1-Lysine-PEGI-NHz as an
approximately 10 mM solution. ESI-MS {m/z} found: 1111.5 [M+1]", 556.3 |[M+2}*'
Example 12

{8353]  Fmoc-Asp{{(tBu)}-Tvr-Lys(Boci-Asp(tBuj-Asp(tBu)-AsptBu)-Asp(itBu)-Lys{Boc)-
PEGI-Lys(MCA)-PCL-Ala-RAM Resin

{8354} A5 mg sample of the SpectraGel resin from example 2 was coupled with
successive amino acids by the method of example 6.

{8355}  Fmoc-Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys-PEGI-Lys{MCA}-PCL-Ala-NH:
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{8386}  To 1.0 mg of Froc-Asp({tBu)-Tyvr-Lys(Boc)-Asp(tBu)-Asp(tBu}-Asp{tBu}-
Asp(eBu}-Lys(Boc}-PEG1-Lys(MCA-PCL-Ala-RAM Resin hinker peptide SpectralGel resin,
within a 3 mL syringe with a 10 pm frtted filter was added 300 ul of 3 95% TFA, 2.5 %
water and 2.5 % TIPS solution. The mixture was mixed with gentle vortexing and allowed to
mcubate at room temperature for 30 minutes. The filtrate was collected into a 2 mbL
Eppendorf tube and was then concentrated until dry using nitrogen and needle aspiration to
afford the title peptide ligand.

{83577  LOMS found UV absorption @) 340 ~60% AUC title compound ESI (m/z) 20458
[MA3]", 1023.4 [M+212", 682.6 [M+31%". ~40% AUC title compound-Fmoc ESI (m/z) 911.9
IM+217, 608.3 [M+2]7

Example 13

{3358]  On bead binding assay: biotin-streptavidin

{6359  Beads from example 4 {(~300k) and acetylated beads prepared by the general
method using acetic anhvdade (~500K) were separately aliquoted and washed with tris
buffered saline containing 0.196 Tween 20 (TBST) (3 x 300 uL). Each bead sample was
blocked by incubating in 1.1 StartingBlock(ThermoFisher cat#37543)/TBST (4 °C, 16 h)
with rotation (10 rpm). The beads were collected and washed with ce-cold 101
StartingBlock/TBST (3 x 500 ul). The bead samples were resuspended in | mL of 111
Starting Block/TBST and aliquoted into 3 tubes with ~100k beads each. The beads were
pelleted and incubated with AlexaFluor 647-labeled streptavidin {0 pM, 30 pM, 1 nM, 30
nM, T uM; 100 ub total volume) 1o 1ce~cold 111 StartingBlock/TBST (4°C, 16 h) with
rotation {10 rpm). Afierwards, the beads were pelleted and washed with TBST (3 x 500 ul).
The beads were resuspended in S00 pL TBST and mcuobated (4°C, 4 b} with rotation {10 rpm)
prior to flow cytometry.

{6368}  FEach bead sample was filtered through a 40 youmesh filter and analyzed using an
Attune NxT flow cytometer {ThermoFisher Scientific) at 100 pL/min using Attune 1X
Focusing Fhuid. Forward-scatter (488 nm, 50 V), side-scatter {488 nmy, 230 V) and
AlexaFluor 647 fluorescence (Ex: 637nm; Em: 670/14 nm; 240 V) were recorded for cach
bead.

{8361}  FIG. 24 iHustrates characterization of biotin and acetylated beads in the presence
of fluorophore-labeled streptavidin prepared in Example 13, Pancl (A of FIG. 24 isa
diagram representing negative control 1.¢. AlexaFhuor 647 (AF-647) labelied streptavidm not
bound to acetylated beads due to the absence of biotin Higands on these beads. Panels (B) and

{C) of FIG. 24 show the corresponding brightfield and fluorescence images (obtaimed using
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EVOS fluorescence microscope) clearly showing no bead bound fluorescence observed
negative control. Panel (D) of FIG. 24 is a diagram representing positive control i.¢.
Alexatluor 647 labelied streptavidin bound biotin functionalized beads due to s high
affinity interaction towards biotin. Panels (E) and (F) of FIG. 24 show the corresponding
brightficld and fluorescence images cleardy showing bead bound fluorescence observed in
positive control.
{8362}  FIG. 25 ilustrates characterization of biotin and acetylated beads in the presence
of fluorophore-labeled streptavidin prepared in Example 13, More specifically, FIG. 2515 a
flow histogram showing negative control (acetyvlated beads not bound to AF-647 streptaviding
and positive control (biotinvlated beads bound to AF-647 streptavidin) when the biotin
functionalized beads were mcubated with 11 pM AlexaFluor 647-labeled streptavidin. Data
was captured using Attune flow cytometer. Bead bound fluorescence in the positive control
which is several orders of magnitude greater than the negative condrol 1s a clear
representation of selective on-bead capture of the target protein “AF-647 streptavidin®.
{83631  FIG. 26 Hlustrates fluorescence response with increasing concentrations of labeled
streptavidin using beads prepared in Example 13, More specifically, FIG. 26 15 a flow
histogram showing fluorescence response with increasing concentrations of AF-647 labeled
streptavidin. Biotin functionalized beads were incubated with varying concentrations of AF-
647 streptavidin. This example is a clear representation of different surface bound
fluoresceonce intensities indirectly representing the case of a library of small molecules
containing different varyving affinitics to any given target protein.
ADDITIONAL EXAMPLES

{8364} Example AL A composite particle, comprising:

an optically detectable particle; and

a network polymer gel substantially surrounding the optically detectable particie.
{3365]  Example AZ. The composite particle of example A, compnising a plurality
of the optically detectable particles.
{0366}  Exanple A3 The composite particle of example A2, wherein at feast some of
the optically detectable particles have different emission wavelengths than one another.
{8367}  Example Ad. The composite particle of example A3, wherein all of the
optically detectable particles have different emission wavelengths than one another.
{6368}  Examplc AS, The composite particle of example A3 or cxample A4,
comprising at least three of the optically detectable particles with different emission

wavelengths from one another.
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{8369}  Example A6 The composite particle of any one of examples A3 to AS,
comprising at least six of the optically detectable particles with different emission
wavelengths from one another.

{@#378]  Example A7 The composite particle of anv one of examples A2 to A6,
wherein the optically detectable particles are randomly oriented relative to one another within
the network polvmer gel.

{6371}  Exanple A8 The composite particle of any one of examples A2 to A6,
wherein the optically detectable particles have substantially the same orientation as one
another within the network polymer gel.

{8372}  Example A9 The composiie particle of any one of examples Al to A8,
wherein the optically detectable particle is configured to emit light with a bandwidth of about
1 nm or fess at foll-width half-maximom (FWHM) responstve to excitation light.

{6373}  Example AIO The composite particle of cxample A9, wherein the optically
detectable particle comprises a microdisk laser particle.

{6374] Example AlL The composite particle of example A 10, wherein the microdisk
laser particle has a diameter of about 1 pm to about 10 pm.

{6375}  Example Al2. The composite particle of example A10 or example A1l
wherein the light emitted by the microdisk laser particle is near-infrared.

{B376]  Example Al3 The composite particle of any one of examples Al to A8,
wherein the optically detectable particle is configured to emit light with a bandwidth of about
40 nm or less at full-width half~maxamum (FWHM) responsive to excitation light.

{83777  Example A4, The composite particle of example A13, wherein the optically
detectable particle comprises a CsPbBr3 Perovskite quantum dot.

{8378}  Example Al3. The composite particle of any one of examples Al 10 Al4,
wherein the network polymer gel comprises a chemical moiety which is couplable to a
chemical compound.

{6379} Example Al6. The composite particle of example Al15, wherein the chemical
moiety is cleavable from the network polymer gel using light, heat, or a reagent.

{6386] Exanmple A7 The composite particle of example A15 or A16, wheremn the
chemical motety 18 distributed throughout the network polymer gel.

{6381}  Example Al The composite particle of any one of examples A15 1o A17,
wherein the chemical moiety is positively charged.

{6382]  Example A19, The composite particle of any one of examples A5 1o A17,

wheretn the chemical moiety is negatively charged.
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[6383]  Example A20. The composite particle of any one of examples A5 to A17,
wherein the chemical moiety is uncharged.
{6384}  Example AZL The composite particle of any one of examples Al to A20,
further comprising chemical compounds coupled to the network polymer gel.
{#385]  Example AZ2. The composite particle of example A21, wherein the chemical
compounds are cleavable from the network polymer gel using light, heat, or a reagent.
{6386]  Example A23. The composite particle of example A2 or A2Z, wherein the
chemical compounds are distributed throughout the network polvmer gel.
{03877  Example A24. The composite particle of anv one of examples A21 1o A23,
wherein the chemical compounds are the same as one another.
{3388]  Example A2S. The cormposite particle of any one of examples A21 to A23,
wheretn the chemical compounds are different than one another.
{6389]  Example A26. The composite particle of any one of examples Al toc A25,
wherein the opticallv detectable particle is covalently coupled to the network polymer gel.
{6396] Example A27. The composite particle of any one of examples Al to A26,
further comprising:

a carrier particle having an outer surface;

wherein the optically detectable particle is coupled to the outer surface of the carrier
particie; and

wherein the network polvmer gel substantially surrounds the carrier particle and the
optically detectable particle coupled to the carrier particle.
{83911  Example A28, The composite particle of example A27, comprising a plurality
of the optically detectable particles coupled to the outer surface of the carrier particle.
{8392}  Example A29. The composite particle of example AZ7 or A28, wherein the
carrier particle comprises a polvmer or a glass.
{6393}  Example A30. The composite particle of any one of examples A2Z7 to A29,
wherein the carrier particle has a different composition than the network polymer gel.
{6394}  Example A31 The composite particle of any one of examples A27 to A30,
wherein the carrier particle has the same composition as the network polymer gel.
{8395}  Example A32. The composiic particle of any one of examples A27 to A31,
wherein the carrier particle has a diameter of between about 1 jm and about 20 jum 1 water

atpH 7.
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{6396}  Example A33. The composite particle of any one of examples A27 to A32,
wherein the carrier pasticle has a diameter of between about 5 pm and abowt 13 jom in water
atpH 7.
{397} Example A34. The composite particle of any one of examples A27 to A33,
wherein the carrier particle has a diameter of between about 1 pm and about 5 um in water at
pH7.
{6398}  Example A33. The composite particle of any one of examples A27 to A34,
wherein the composite particle 1s at least about 100 nm larger than the carrier particle in
water at pH 7.
{8399}  Example A36. The composiie particle of any one of examples A27 1o A3S5,
wherein the optically detectable particle 1s coupled to the carrier particle via a covalent bond.
{3460]  Example A37. The composite particle of any one of examples A27 to A36,
wherein the optically detectable particle is coupled to the carrier particle via a non-covalent
bond.
{04011  Example A38. The composite particle of any one of examples A27 to A37,
further comprising:

at least one additional carrier particle having an outer surface; and

an additional optically detectable particle coupled to the outer surface of the at least
one additional carrier particle,

wherein the network polvmer gel substantially surrounds the at least one additional
carrier particle and the additional optically detectable particle coupled to the at least one
additional carrier particle.
{8402}  Example A39. The composite particle of any one of examples Al to A38,
wherein the composite particle has a diameter of between about 1 ym and about 50 ym
water at pH 7.
{3403}  Example A40. The composite particle of anv one of examples Al to A39,
wherein the compuosite particle has a diameter of between about 10 wm and about 30 m in
water at pH 7.
{0404]  Example A4l The composite particle of any one of examples Al to A40,
wherein the composite particle has a diameter of between about 5 ym and about 20 ym
water at pH 7.
{0405]  Example A42. A collection of the composite particles of any one of examples
Alto A4l
{3406]  Example A43. The collection of example Ad2, wherein:
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cach of the composite particles of the collection comprises a plurality of the optically
detectable carrier particles,

at least some of the optically detectable particles of that plurality have different
emission wavelengths than one another, and

the different emission wavelengths define a spectral fingerpring for that composite
particie.
{6467}  Example Ad4. The collection of example A43, wherem a majority of the
composite particles of the collection have different spectral fingerprints than one another.
{0408]  Example A45. The collection of example A43 or Ad4, wherein over 80% of
the composite particles of the collection have different spectral fingerprints than one another.
{3489%]  Example A46. A collection of the composite particles of any one of examples
A4Z 1o A4S, wherein the compostte particles of the collection respectively mehude
substantially the same number of optically detectable particles as one another.
{0419}  Example A47. The collection of the compostte particles of example A46,
wherein the composite particles of the collection respectivelv nclude between two and ten of
the optically detectable particles.
{6411}  Example A48, The collection of the composite particles of any one of
cxamples A42 to A43, wherein the compostte particles of the collection respectively mchude
different numbers of optically detectable particles than one another.
{#412]  Example A4 The collection of the composite particles of example A48,
wherein the compasite particles of the collection respectively melude between two and ten of
the optically detectable particles,
{8413}  Example A30. A collection of the compostie particles of any one of examples
A42 to A49, wherein a majority of the composite particles of the collection respectively
melude the same number of carrier particles as one another.
{#414]  Example ASL The collection of the composite particles of example ASQ,

wherein the composite particles of the collection respectively mchude one to three of the

carrier particles.
{0415] Example A52. A composition, comprising the collection of the composite

particles of any one of examples A42 to AST saspended in an aqueous solvent.

{8416]  Example AS3. A composition, comprising the collection of the composite
particles of any one of examples A4 suspended 1n an organic solvent.

{#417]  Example B1 A method of making a composite particle, the method

comprising:
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substantially swrounding an optically detectable particle with a network polyrer gel.
{6418}  Example B2. The method of example B, wherein sobstantially surrounding
the optically detectable particle with the network polyraer gel comprises:

forming a droplet comprising a crosslinker, an inttiator, and the optically detectable
particle; and

using the initiator to polymerize the crosslinker to form the network polymer gel
within the droplet.
{6419}  Example B3. The method of example B2, wherein the droplet further
comprises a non-fanctional monomer, or a functional monomer, and wherein the initiator
polymerizes the crossiinker, non-functional monomer, or functional raonomer together with
the monomer to form the network polvmer gel within the droplet.
{3428] Example B4 The method of example B2 or B3, wherein the imitiator
comprises a photo-mnitiator, and whercin using the initiator to polymerize the mononier
comprises tradiating the droplet with ight.
{6421}  Example BS. The method of any one of examples B2 to B4, wherein forming
the droplet comprises suspending the optically detectable particle in a solution comprising the
monomer and the inttiator.
{6422}  Example B6. The method of example BS, wheremn forming the droplet
comprises encapsulating a defined volume of the solution in an oil/surfactant mixture using a
microfluidic junction.
[6423]  Example B7. The macthod of example BS, wherein forming the droplet
comprises forming an emulsion with the solution and an oil/surfactant mixtare.
{64247  Example B8, The method of any one of examples Bl to B7, further
comprising substantially surrounding at least one additional optically detectable particle with
the network polymer gel.
{3425]  Example BY. The method of example BR, wherein the optically detectable
particle and the at least one additional optically detectable particle are randomly oriented
relative to one another within the network polymer gel.
{8426] Example B10. The method of example B8, wherein the optically detectable
particle and the at least one additional optically detectable particle have substantially the
same ortentation as one another within the network polymer gel.
{64277  Example BL1L The method of any one of examples Bl to B10, wherein the
optically detectable particle 1s coupled to a chemical moiety, the method comprising coupling

the chemical moiety to the network polymer gel.
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{8428]  Example B12. The method of example Bl |, wherein the chemical moiety 15
covalently coupled to the network polymer gel.
{64297  Example B13. The method of example Bl or B12, wherein the chemical
moiety comprises a component of the network polymer gel.
{#438]  Example Bi4. The method of any one of examples B11 to B13, further
comprising coupling the chemical motety to the optically detectable particle.
{6431}  Example B1S. The method of any one of examples B1 to B14, further
comprising coupling the optically detectable particle to an outer surface of a carrier particle;
and

substantially surrounding the carrier particle, with the optically detectable particle
coupled thercto, with the network polvmer gel.
{3432} Example Bl6. The method of example B1S, comprising coupling a plurality of
additional optically detectable particles to the outer surface of the cardier particle.
{6433}  Example Bi7. The mcthod of any one of examples B15 or B16, wherein the
carrier particle comprises a polymer or a glass.
{8434} Example B18. The method of any one of examples B15 to B17, wherem the
carrier particle has a different composition than the network polvmer gel.
{8435]  Example B19. The method of any one of examples B15 to B17, wheremn the
carrier particle has the same composition as the network polymer gel.
{#436]  Example B20. The method of any one of examples B15 to B9, wherein the
optically detectable particie 1s coupled to the carmer particle via a covalent bond.
{84377  Example B21. The method of example B20, wherein the carrier particle is
coupled to a first chemical moiety and the optically detectable pasticle is coupled to a second
chemical moiety, the method comprising covalently coupling the first chemical moiety to the
second chemical moiety to form the covalent bond.
{3438]  Example B22. The method of example B21, further comprising coupling the
first chemical moiety to the carrier particie.
{0439}  Example B23. The method of example B21 or B22, further comprising
couphing the second chemical moiety to the optically detectable particle.
{8444} Example B24. The method of any one of examples B15 to B19, wherem the
optically detectable particle is coupled to the carrier particle via a non-covalent bond.
{3441}  Example B25. The method of example B24, wherein the non-covalent bond

comprises an ionic bond.
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{8442}  Example B26. The method of example B23, wherein the optically detectable
particle is negatively charged, and wherein the carrier particle is positively charged.
{0443}  Example B27. The method of example B2S, wherewn the optically detectable
particle 1s positively charged, and wherein the carrier particle is negatively charged.
{#444]  Example B28. The method of any one of examples Bl to B27, wherein the
optically detectable particle ts configured to enut light with a bandwidth of about T nm or less
at full-width half-maximum (FWHM) wesponsive to excitation hight.
{6448}  Example B29. The method of example B28, wherein the optically detectable
particle comprises a microdisk laser particle.
{0446}  Example B30 The method of any one of examples Bl to B27, wherein the
optically detectable particle is configured to emit hight with a bandwidth of about 40 nm or
ess at full-width half-maximom (FWHM) responsive to excitation light.
{3447}  Example B31. The method of example B30, wherein the optically detectable
particic comprises a CsPbBrs Perovskite quantum dot.
{0448}  Example 1. A Bibrary of chemical compounds, the hibrary comprising:

composite particles, the compostte particles respectively comprising:

a phurality of optically detectable particles; and
a network polymer gel substantially surrounding the optically detectable

particles; and

a chemical compound coupled to the network polymer gel.

wherein the composite particles of a first group of the composite particles comprise
the same chemical compound as one another; and

wherein the composite particles of a second group of the composite particles comprise
the same chemical compound as one ancther and a different chemical compound than that of
the first group of composite particles.
{3449 Example C2. The library of example C1, wheremn the cherical compound is
covalently coupled to the network polyvmer gel.
{0454}  Exanmple C3. The library of example C1. wherein the chenucal compound is
non-covalently coupled to the network polymer gel.
{8451}  Example C4. The bibrary of example C3, wherein the chemical compouond i3
adsorbed to the network polymer gel.
{6452]  Exanaple C5. The Library of any one of examples Cl to €4, wherein the
composite particles of the first group of composite particles comprise a first plurality of

different chemical compounds.
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{8453}  Example 6. The hbrary of example C5, wherein the composite particles of
the second group of composite particles comprise a second plurality of different chenical
compounds, wherein the chemical compounds of the first plurality are at least parially

different than the chemical compounds of the second plurality.

{#454]  Example C7. The library of example €5 or €6, wherein the first plurality of
different chemical compounds comprises between two and four different chemical
compounds.

{6455}  Example C8. The hibrary of any one of examples Cl to C7, wherein the

chemical compound is distributed throaghout the network polvmer gel.

{8456]  Example C9. The Library of any one of examples Cl to €8, wherein the

chemical corpound is cleavable from the network polymer gel using light, heat, or a reagent.

{3457}  Example C10. The library of any one of examples C1 toC9, wherein the

optically detectable particles are configured to emit light with a bandwidth of about | nm or

less at full-width half-maximum (FWHM) responsive to excitation hight.

{0458}  Example C11. The hbrary of example C190, wherein the optically detectable

particles comprise microdisk laser particles.

{6459]  Example C12. The library of any one of examples Cl to €9, wherein the

optically detectable particles are configured to emit light with a bandwidth of about 40 wn or

fess at foll-width halfsmaximom (FWHM) responsive to excitation light.

{#468]  Example C13. The library of exaraple C12, wherein the optically detectable

particles comprise CsPbBrs Perovskite quantum dots.

{6461}  Example Cl14. The hbrary of any one of examples Cl to C13, wherein the

optically detectable particles are randomly oriented relative (o one another within the network

polymer gel.

{0462}  Example C15. The bibrary of any one of examples Cl to C13, wherein the

optically detectable particles have substantially the same orientation as one another within the

network polymer gel.

{0463}  Example Cl6. The library of any one of examples C1 to €15, wherein the

optically detectable particles are covalently coupled to the network polymer gel.

{8464}  Example C17. The hbrary of any one of examples C1 to €16, the composite

particies respectively further comprising a carrier particle having an outer surface, wherein:
the optically detectable particles are coupled to the outer surface of the carrier

particle; and
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the network polymer gel substantially surrounds the carrier particle and the optically
detectable particle coupled to the carrier particle.
{8465]  Example Ci8. The Library of example C17, wheremn the optically detectable
particles respectively are coupled to the carrier particle via covalent bonds.
{466]  Example CI9. The library of example C17, wherein the optically detectable
particles respectively are coupled to the carrier particle via non-covalent bounds.
{6467}  Example C20. The library of any one of examples C17 to C19, the composite
particies respectively further compnising:
at least one additional carner particle having an outer surface; and
a plurality of additional optically detectable particles coupled to the outer surface of
the at least one additional carrier particle,
wherein the network polvmer gel sabstantially surroands the at least one additional
carrier particle and the additional optically detectable particles coupled to the at least one
additional carder particle.
{0468}  Example C21. A method of generating a library of chenucal compounds, the
method comprising:
irradiating a collection of composite particles with excitation hight, the composite
particles of the collection respectively comprising:
a plurality of optically detectable particles; and
a network polymer gel substantially surrounding the optically detectable
particles;
respectively obtaining emission specira from the optically detectable particles of the
composite particles;
coupling chemical compounds to the composite particles by coupling the chemical
corapounds to the network polymer gels of the composite particles,
wherein the composite particles of a first group of composite particles are
coupled to the same chemical compound as one another,
wherein the corapostie particles of a sccond group of composite particles are
coupled to the same chemical compound as one another, and
wherein the chemical compound coupled to the first group of compostte
particles is different than the chemical compound coupled to the second group of
composite particles; and
for respective composite particles of the collection, storing, in a data structure, (i)

identifiers for the composite particles which are based on the respectively obtained emission

~108-



WO 2025/085861 PCT/US2024/052134

spectra, and (1) identifiers for the chemical compounds which respectively are coupled to
those composite particles.
{8469}  Example C22. The method of example C21, wherein coupling the chemical
compounds to the composite particles comprises:

{a) dividing the collection of composite particles into subsets; and

{b) for respective subsets formed in operation {a}, coupling a chemical moiety to the
network polymer gel of the composite particies of that subset to form a modified subsct.
{6474}  Example 23, The method of example 22, wherein the chemical motety
coupled to the network polvmer gel of the composite particles of a first one of the subsets is
different than the chemical moiety coupled to the network polymer gel of the composite
particles of a sccond one of the subsets.
{3471]  Example C24. The method of example €22, wherein the chemical moiety
coupled to the network polymer gel of the composite particles of a first one of the subsets is
the same as the chemical motety coupled to the network polymer gel of the composite
particles of a second one of the subsets.
{86472} Example €25, The method of any one of examples €22 to 24, wherein
dividing the collection of composite particles into subsets comprises:

using a flow cytometer to dispense a first subset of the compostie particles of the
collection into a first reservoir; and

using the flow cyvtometer to dispense a second subset of the composite particles of the
collection futo a second reservotr.
{84731  Example C26. The method of example €23, wherein dividing the collection of
composite particles info subsets further comprises coanting composite particles as they flow
through the flow cytometer and into the first reservoir,

wheremn the composite particles are dispensed into the first reservour until a
predetermined number of the composite particles are dispensed nto the first reservoir, and

wherein after the predeteomined number of the composite particles are dispensed into
the first reservoir, the compostte particles are dispensed into the sccond reservoir until a
predetermined number of the composite particles are dispensed into the first reservoir,
{8474}  Example £27. The method of example €26, wherein the composite particles
are counted using the emission spectra.
{6475}  Example C28. The method of any one of examples €22 to C24, wherein the
collection of composite particles 1s manually divided into respective reservoirs o form the

subsets.
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{8476}  Example €29, The method of any one of examples €22 to {28, further
comprising, for the composite particles of respective subsets formed in operation (a}:

irradiating the composite particles of that subset with excitation light:

respectivelv obtaining the emission spectra from the optically detectable particles of
the composite particles of that subset; and

using the emission spectra to identify the composite particles of that subset using the
stored identifiers.
{84777  Example 30, The method of example €29, wherein the emission specira
from the optically detectable particles of the composite particles of that subset are obtained
one at a time as the composite particles flow through a channel.
{#478]  Example C31. The method of example 29, wherein the enussion spectra
from the optically detectable particles of the composiic particles of that subset are obtained
before that subset of particles is formed.
{6479}  Example C32. The method of example €29, wherein the emission spectra
from the optically detectable particles of the composite particles of that subset are obtamed
after that subset of particles is formed.
{64806]  Example €33 The method of any one of examples £22 1o 32, wherern, for
the composite particles of respective subscts formed in operation {a), the identificr for the
chemical compound which is coupled to those composite particles compriscs an identifier for
the chemical moiety which is coupled to the network polyvimer gel in operation (b},
{6481}  Example C34. The method of any one of examples €22 to €33, further
comprising {¢) pooling the modified subsets of operation (b) to form a modified collection of
composite particles.
{6482}  Example €35, The method of example €34, wherein coupling the chemical
comapounds to the composite particles further comprises:

{d} dividing the modificd collection of composite particles of operation {¢) mto
subsets; and

{c) for respective subsets formed in operation (d}, coupling a chemical moiety to the
to the chemical motety which was coupled to the network polymer gel m operation (b} o
form a modified subset.
{6483}  Example {36 The method of example €335, further comprising, for the
composite particles of respective subsets formed in operation {d):

irradhating the composite particles of that subset with excitation light;
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respectively obtaining the emussion spectra from the optically detectable particles of
the composite particles of that subset; and

using the emission spectra to identify the compostic particles of that subset using the
stored identifiers.
{#484]  Example C37. The method of example (35 or €36, wherein, for the
composite particies of respective subsets formed in operation {d}, the identifier for the
chernical compound which 1s coupled to those compasites particle comprises (1) an identificr
for the chemical moiety which is coupled to the network polymer gel in operation (b} and (1t}
an identifier for the chemical moiety which is coupled in operation (¢} to the chemical moiety
which was coupled fo the network polymer gel in operation (b).
{3485]  Example C38. The method of any one of examples C35 to C38, further
comprising repeating operations (¢} through {e) for the modified collection of composite
particles.
[0486]  Example C39. The method of example C38, wherein operations (¢} through
{¢} are repeated between one and five times.
{84877  Example {40, The method of example €39, wherein operation (b} and the
repeated operations {c¢} through {c} buld (i} the chemical compound coupled to the composite
particles of the first group of compostie particles, and (u} the chemical compound coupled to
the composite particles of the second group of composite particles.
{3488}  Example C41. The method of any one of examples C21 to C40, wherein
couphing the chemical compounds 1o the composite particles comprises using a condition,
solvent, or reagent which is incompatible with DNA.
{6489}  Example {42 The method of any one of examples €21 {o {41, wherem the
chemical compound is covalently coupled to the network polvmer gel.
{0498}  Example C43. The method of any one of examples C21 1o C4 1, wherein the
chemical compound is non-covalently coupled to the network polymer gel.
{3491}  Example C44. The method of example €43, wherein the chemical compound
is adsorbed to the network polyraer gel.
{6492]  Example {45, The method of any one of examples €21 o (44, wherem the
composite particles of the first group of composite particles comprise a first plarality of
different chenical compounds.
{0493]  Example C46. The method of example €45, wherein the composite particles

of the second group of composite particles comprises a second plurality of different chemical
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compounds, wherein the chemical compounds of the first plurality are at least partially
different than the chemical compounds of the second plurality.

{0494]  Example C47. The method of example €435 or C46, wherein the first plurality
of different chemical compounds comprises between two and four different chemical
compounds.

{3495]  Example C48. The method of any one of examples C21 to C47, wherein the
chernical compound is distabuted throughout the netwaork polymer gel.

[8496]  Example C49. The method of any one of examples €21 o €48, wherein the
chemical compound is cleavable from the network polyvmer gel using light, heat or a reagent.
{08497} Example C50. The method of any one of examples C21 to C49, wherem the
wdentifiers for the composite particles which are based on the respectively obtained emission
spectra comprise fists of wavelengths having peaks in the emission spectra.

{#498]  Example C51. The method of any one of examples C21 to C49, wherem the
identifiers for the composite particles which are based on the respectively obtained cmission
spectra comprise bits representing wavelengths having peaks in the emission spectra.

{84991  Example 52, The method of any one of examples €21 to 51, wherem the
wlentifiers for the chemical compounds which respectively are coupled to those composite
particles comprise a chronological description of chemical reactions performed using those
composite particles.

{0508]  Example C53. The method of any one of examples C21 to C51, wherein the
identifiers for the chemical compounds which respectively are coupled to those compostie
particles comprise tokens chronologically representing chemical reactions performed using
those composite particles.

{8501}  Example {54, The method of any one of examples C21 to U353, wherem the
optically detectable particles are configured to enut light with a bandwidth of about 1 nm or
less at full-width half-maximum (FWHM) responsive fo excitation light.

{6502}  Example C55. The method of example €34, wherein the optically detectable
particies comprise microdisk laser particies.

{6563]  Example {56, The method of any one of examples €21 o {55, wherem the
optically detectable particles are configured to emit light with 3 bandwidth of about 40 nm or
less at full-width half-maximum (FWHM) responsive to exaitation light.

{0504]  Example C57. The method of example €56, wherewn the optically detectable

particles comprise CsPbBr Perovskite quantum dots.
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{06563}  Example C58. The method of any one of examples C21 to €57, wheren the
optically detectable particles are randomly oriented relative to one another within the network
polymer gel.
{6506]  Example C39. The method of any one of examples C21 to C38, wherem the
optically detectable particles have substantially the same orientation as one another within the
network polymer gel.
{06567  Example C60. The roethod of any one of examples C21 to C59, whersin the
optically detectable particles are covalently coupled to the network polymer gel.
{0508}  Example 61, The method of any one of examples €21 to 60, the composite
particles respectively further comprising a carrier particle having an outer surface, wherein:
the optically detectable particles are coupled to the outer surface of the camier particle; and
{3509]  the network polymer gel substantially surrcunds the carrier particle and the
optically detectable particle coupled to the carrier particle.
{6519}  Example C62. The mcthod of example €61, wherein the optically detectable
particles respectively are coupled to the carrier particle via covalent bonds.
{8511}  Example {63, The method of example €61, wherein the optically detectable
particles respectively are coupled to the carrier particle via non-covalent bonds.
{06512]  Example C4. The method of any one of examples €61 to €63, the composiie
particles respectively further comprising:

at least one additional carrier particle having an outer surface: and

a plurality of additional optically detectable particles coupled to the outer surface of
the at least one additional carrier particle,

wherein the network polymer gel substantially surrounds the at least one additional
carrier particle and the additional optically detectable particles coupled to the at least one
additional carner particle.
{0513]  Example DL A method of detecting binding between different chemucal
compounds and a target, the method comprising:

wncubating a first target with a collection of composite particles, the composite
particles of the collection comprising:

a plurahity of optically detectable particles;
a network polymer gel substantially surrounding the optically detectable
particles; and

a chemical compound coupled to the network polymer gel,

~113-



WO 2025/085861 PCT/US2024/052134

wherein at least some of the composite particles comprise the same chemieal
compound as ong another, and
wherein at least some of the composite particles comprise different chemical
compounds than one another, and
wherein the first target binds differently to different ones of the chemical
compounds;
removing unbound fivst target from the collection of composite particles;
irradiating the composite particles of the collection, with the first target bound to
different ones of the chemical compounds, with excitation light;
obtatning cnussion spectra from the optically detectable particles of respective
composite particles;
obtaning signals respectively indicating whether the first target binds to the chemical
compounds of respective composite particles;
using the emission spectra and the signal to (1} identify the chenucal compound which
is coupled to at least some of the composite particles and (1) determine whether the first
target binds to that chemical compound.
{6514}  Example D2 The method of example D1, wherein the first target is labeled
with a probe before the incubating.
{#515]  Example D3 The method of example D1, further comprising, after the first
target binds differently to different ones of the chemical compounds, labeling the fiest target
with an affintty reagent that is labeled with a probe.
{6516}  Example D4 The method of example D1, further comprising, affer the first
target binds differently to different ones of the chemical compounds, incubating the first
target with an unlabeled primary affinity reagent, then labeling the unlabeled primary affinity
reagent with a secondary affinaty reagent that is labeled with a probe.
{8517]  Example DS The method of any one of examples D1 to D4, wherein the
composite particles are wrradiated with a first wavelength of light that stimulates the emission
spectra of the optically detectable particles.
{6518] Example D6, The method of example DS, wherein the composite particles
are irradiated with a second wavelength of light that stimudates fluorescence which generates
the signal indicating whether the first target binds to the chemical compounds of respective

corposite particles.
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{8519}  Example D7. The method of example D6, wherein the composite particles
are irradiated with the first and second wavelengths of light at different times than one
another.
{#6528]  Example D8 The method of example D6, wherein the composite particles
ase irradiated with the first and sccond wavelengths of ight at the same time as one another.
{#521}  Example D9 The method of any one of examples D1 to D&, wherein the
coussion spectta and signal are obtained concurrently with one another.
{65221  Example D10 The method of any one of examples D to D8, wherein the
emission spectra and signal are obtained at different times than one another.
{08523}  Example DI L The method of any one of examples D1 to D10, further
comprising:

incubating a second target with the collection of composite particles, wherein the
second target binds differently to different ones of the chemical compounds;

removing unbound second target from the collection of composite particles; and

obtaining signals mdicating whether the second target binds to the chemical
compounds of respective composite particles.
{6524}  Example D12, The method of example D11, wherein the collection of
coraposite particles is incubated concurrently with the first target and the second target.
{#525]  Example D13, The method of example D11 or D2, wherein the signals
comprise fluorescence. and wherein flusrescence from the first target is at a different
wavelength than fluorescence from the second target.
{8526]  Example D14 The method of any one of examples D to D3, wherein the
emission spectra, the signals, or both the emission spectra and the signals, are obtained while
the composite particles are static.
{68277 Example D15 The method of any one of examples D1 1o D14, wherein the
emission spectra, the signals, or both the emission spectra and the signals, are obtained while
the composite particles are flowed through an inspection pomt.
{06528}  Example D16 The mctbhod of any one of examples Pl to D15, wherein the
signals are optical.
{8528}  Example El. A spectral fingerprint system for categorizing a plarality of
composite particles suspended in a fluid, each composite particle comprising a phlurality of
optically detectable particles and a network mesh polyrmer substantially surrounding the
optically detectable particles, the svstem comprising:

an optical excitation aystem;
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an optical detector;
a flow cell;
at least one memory storing nstructions; and
at least one processor configured to execute the mstructions to perform operations
comprising:
flowing the composite particles in the fluid through the flow cell;
exciiing the composite particles in the flow cell with light from the optical
excitation system;
reading, by the optical detector, a spectral fingerprint of each composite
particle excited by the light; and
generating, using the spectral fingerprint of each composite pasticle, a
compostte particle identity of that composite particle.
{0530]  Example E2. The system of example E1, wherein the optical excitation system
comprises a laser.
{85317 Example E3. The systom of example Bl or B2, wherein at least some of the
optically detectable particles of each composite particle comprise different emission
wavelengths than one another, and wherein the spectral fingerprint of cach composite particle
1s based on the differont emission wavelengths of the optically detectable particles of that
composite particle.
{#532]  Example E4. The system of any one of examples E1 to E3, wherein a majority of
the composiie particles have different spectral fingerprints than one another.
{6533}  Example ES. The system of any one of examples El to E4, wherein the composite
particles respectively comprise between twe and ten of the optically detectable particles.
{8534]  Example E6. The system of any one of examples El to D6, wherein at least some
of the tlow cell 1s positioned in an optical path between the optical excitation svstem and the
optical detector,
{6535}  Example E7. The system of example E6, wherein the step of reading, by the
optical detector, the spectral fingerprint of cach comyposite particle excited by the light
comprises measuring an IR emission orthogonal 1o an excitation beam of the optical
excitation system.
{8536}  Example ES. The system of any one of examples E1 to E7, wherein the at
least one processor further is configured to execute the instructions to perform operations
comprising:

phyvsically sorting the plurality of composite particles into a plurality of subsets.
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[6537]  Example ES. The system of example ES, wherein the step of physically
sorting is based on the speetral fingerprints of the composite particles of the plurality.
{06538]  Exaraple E10. The systern of example E8 or £9, wherein the step of physically
sorting is based on diclectrophoresis.
{85391  Example E11 The system of example E8 or E9, wherein the step of physically
sorting is based on electrophoresis.
{0540}  Example E12. The system of any one of exaraples E8 to £11, wherein a
microthudic device of the flow cell is coupled to the optical detector, wheremn a plurality of
subsets comprises a man subset sorted by the optical detector sequentially detecting the
spectral fingerprint of each composite particle, wherein the at least one processor further is
configured to exceute the instructions to perfonm operations comprising:

dispensing, by the microfluidic device and based on characteristics of the spectral
fingerprint, cach of the plurality of composite particles inte ndividual tubes or wellsina
microplate.
{05411 Example E13. The system of any one of examples ES to E12, further comprising a
composite particle dispenser, wherein the at least one processor further is configured to
execuie the instructions to perform operations comprising:

outputting, by a compasite particle dispenser, the plurality of composite particles
through an optical beam of the excitation laser system and into a plurality of collection
vessels based on a user-defined population size.
{6542}  Example El4. The system of any one of examples ES to E12, further comprising a
composite particle dispenser, wherein the at least one processor further i1s configured to
execute the instructions to perform operations comprising:

outputting, by the composite particle dispenser, the plurality of composite particles
through an optical beam of the excitation laser system and into a plurality of collection
vessels based on a counted number of composite particles.
{6543}  Example E135. The system of example E14 or E15, wherein the plurality of
collection vessels comprise 96 vessels.
{0544}  Example E16. The system of any one of examples El to E15, wherein the optical
detector comprises a laser particle detector and an assay resalt detector.
{0545]  Example E17. The system of any one of examples El to E16, wherein the optical
detector comprises an intrared (IR} detector.

[#346]  Example E18. The system of any one of examples E1 to E17, further comprising:
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a plurality of assay lasers downstream of the excitation laser system and upstream of
an interrogation potnt, and

wherein the optical detector comprises a laser particle detector, a forward scatter
detector, a side-scatter detector, and a plurality of assay result detectors.
{5477  Example E19. The system of example EI8, wherein a bandpass filter is positioned
upstream of cach respective assay result detector.
{0548]  Example E20. The system of example E18 or E19, wherein a dichroie murror is
positioned upstream of each respective assay result detector.
{05497  Example E21. The system of any one of examples E18 to E20, wherein a dichroic
nirror is positioned between cach respective assay laser and the mterrogation point.
{3856]  Example E22. The systern of anv one of examples E18 to E21, wherein an
emisston collection lens and a plurality of dichroic mirrors are positioned between the
mterrogation point and the side-scatter detector.
{0551}  Example E23. The system of any one of examples E18 to E22, wherein the at least
one processor further is configured to execute the mstructions to perform operations
comprising sorting by

determining, based on a side scatter of beams of the plurality assay lasers detectad by
the side-~scatter detector, a relationship between the number of optically detectable particles
present in 3 respective composite particle and a magnitude of the side-scatter for any beam of
the plurality assay lasers as the respective composite particle moves through the interrogation
point; and

sorting, based on the relationship, the plurality of composite particles into the plurality
of subsets.
{8552}  Example E24. The system of any one of examples E18 to E23, whercin the at least
one pracessor further is configured to execute the instructions to perform operations
comprising sorting by:

determining a sort bin based on a side scatter value of the bearms of the plurality assay
lasers detected by the side-scatter detector; and

separating, based on the side-scatter value, at least one of the composite particles of
the plurality of composite particles of the sort bin from a rest of the plurality of composite
particies.
{6353}  Exaraple E25. The system of example E24, wherein the at least one processor

further 1s configured 1o execute the instructions to perform operations comprising:
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upon interrogating a respective compostte particle and placing the respective
composite particle into the sort bin, then tranamitting a signal to one or more electrodes
within and/or adjacent a channel of the flow cell based on detected clectrophoretic or
diclectrophoretic properties so that the respective composite particle is deflected nto a
separate oufput.
{#554]  Example E26. The system of example E24, wherein the at least one processor
further is configured to exccute the mstructions to perform operations comprising:

upon interrogating a respective composite particle and placing the respective
composite particle wto the sort bin, transmitting a signal to one or more magnets within
and/or adjacent a channel of the flow cell based on detected magnetic properties so that the
respective composite particle 1s deflected into a separate output.
{3355]  Example E27. The system of any one of examples E1 {o E26, wherein the
flow cell comprises an interrogation pomnt at which the optical exeitation system sequentially
excites the composite particles and the optical detector sequentially reads the spectral
fingerprints of the compostie particles.
{8556}  Example EZ28. The system of example E27, wherein the flow cell comprises a
fluidie circuit to transport a plurality of composite particle compartments 1o the interrogation
pout,
{85577 Example E29. The system of any one of examples E1 to E28, wherein the at
cast one processor further is configured to execute the instructions to perform operations
comprising:

analyzing the spectral fingerprint of the composite particle of the subset at every stage
of compound exposure thereby establishing an informatic link between the compound
associated with that subset and the composite particle identity of each composite pasticle of
that subset.
{#5358]  Example E30. The system of anv one of examples E1 to E29, wherein the at least
one processor further is configured to execute the mstructions to perform operations
comprising:

comparing cach spectral fingerprint to a registry comprising a plurality of known
spectral fingerprints that pertain to composite particles with a desired chemical matter; and

separating those composite particles comprising one or more spectral fingerprints
matching a desited one or more compounds from a plurality of composite particles.
{33591 Example E31. The system of anv one of examples E1 to E30, wherein the at least

one processor further is configured to execute the mstructions to perform operations
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comprising sorting, based on the spectral fingerpnint, by creating the subscts based on a
detected link between the speetral fingerprint and a composite particle identity of a specifie
compound.
{#368]  Example E32. The system of anv one of examples E1 to E3 1, wherein the at least
one processor further is configured 1o execute the imstructions to perform operations
comprising creating a plurality of subsets based on a predicted link between the spectral
fingerprint and a composiie particle identity of a specific compound, the predicted link being
determined by a machine learming model frained based on training data that comprises
spectral data of the compostte pasticies, a plurality of compounds, and output variables
represenéing compound library data sets,
{83611  Example E33. The system of example E32, wherein the machine learning model
mcorporates at least one of linear regression, kemel ridge regression, logistic regression,
neural network, support vector machine (SVM), decision tree, hidden Markov model,
Bayvesian network, a Gram-Schoudt process, reinforcement-based learning, cluster-based
learming, lierarchical clustering, genetic algorithm, or combmnation thereof.
{8562}  Example E34. The system of any one of examples El to E33, further comprising a
flow cviometer.
{8563}  Example E35. The systern of exaraple E34, wherein the flow cyvtometer 15 IR
enabled.
{#564]  Example E36. The system of any one of examples E1 to E35, further comprising a
fluorescence-activated cell sorting (FACS) instrument, wherem the plurality of subsets
comprises a main subset sorted by the FACS instrument sequentially detecting an emission
spectrum of the spectral fingerprint of each composite particle.
{8565]  Example E37. The system of example E36, wherein the FACS nstrument is IR
cnabled.
{#366]  Example E38. The system of example E36 or E37, wherein the at least one
processor further is confignred to execute the instructions to perform operations comprising:

dentifying, by the FACS imstrument, a number of the optically detectable particles m
cach composite particle; and

separating, based on the number of optically detectable particles, those composite
particies of the plarality of composite particle comprising fower than a predetermined number
of optically detectable particles from the main subset.
{8367} Example E39. The system of example E36 or E37, wherein the at least one

processor further is configured to execute the instructions fo perform operations comprising:
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identifying, by the FACS mstrument, a number of optically detectable particles
cach composite particle; and

separating, based on the number of optically detectable particles, those composite
particles of the plurality of composite particle comprising more than a predetermined number
of optically detectable particles from the main subset.
{#568]  Example E40. The system of any one of examples E36 to E39, wherein the at least
one processor further is configured to exccute the mstructions to perform operations
comprising:

identifving, by the FACS instrument, a number of unigue peak maxima present in the
CINISSION Spectrum.
{35691  Example E41. The systern of anv one of examples E36 to E40, wherein the at least
one processor further is configured to execute the instructions to perform operations
COMPrising:

identitying, by the FACS mnstrument, a number of optically detectable particles m
cach composite particle; and

dispensing, by a flaidic system and based on the number of optically detectable
particies or the spectral fingerprint, cach of the plurality of composite particles into individual
tubes or wells 1n a microplate, and wherein cach separate vessel or well is associated with
specific subset of the plurality of subsets.
{05768  Example E42. The system of example E41, wherein the microplate comprises 96
vessels or wells.
{6571}  Example E43. The system of any one of examples E36 to E42, wherein the main
subset comprises approximately 10° to 10° compostte particles present in solution at a
concentration of approximately 10° 1o 10% composite particles per miililiter.
{8572]  Example E44. The systom of anv ove of examples E36 to E42, whercin the at least
one processor further is configured to execute the instructions to perform operations
comprising:

upon determining if a composite particle of the plurality of composite particies
comprises a number of optically detectable particles falls within a gate, executing a sort event
so that the composite particle within the gate 1s automatically physically removed from the
main subset and into a subset detined by the gate.
{68731 Exarmaple E45. The systern of any one of examples Bl to E44, wherein the
optically detectable particles emit hght with a bandwidth of about 1 nm or less at full-width

half-maximom (FWHM} responsive to excitation by the beam of the excitation laser system.
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[6574]  Example E46. The system of any one of examples El to E45, wherein the
excitation laser system comprises an infrared (IR} laser.
{08875]  Exaraple E47. The system of any one of examples E1 to E46, wherein the spectral
fingerprint comprises an optical response of each optically detectable particle in a respective
composite particle when summed together.
#5876}  Example E48. The system of anv one of examples E1 to E46, wherein the at least
one processor further is configured to exccute the mstructions to perform operations
comprising:

detecting, by the optical detector, characteristics of the spectral fingerprint of each
comaposite particle;

removing, from a main subset of the plurahity of subsets, one or more composite
particles comprising an abundance of non-unique spectral characteristics.
{65777 Example E49. A method for categorizing a plurality of composite particles
suspended in a fluid, cach composite particle comprising a plurality of optically detectable
particles and a network mesh polvmer substantially surrounding the optically detectable
particles, the method comprising:

flowing the composite particles in a fluid through a flow cell;

cxeiting the composite particles in the flow cell with light from an optical excitation
aystem:

reading, by an optical detector, a spectral fingerprnt of cach composite particle
excited by the hight; and

generating, using the spectral fingerprint of each composite particle, a composite
particle identity of that composite particle.
{6878}  Example E50. The method of example E49, whercin the step of reading, by the
optical detector, the spectral fingerprint of cach composite particle excited by the light
comprises measuring an IR emission orthogonal to an exeitation beam of the optical
excitation systent.
{0579}  Example ES1. The method of example E49 or E50, further comprising: physically
sorting the plurality of composite particles mnto a plurality of subsets.
{6584} Example ES2. The method of example E51, finther comprising:

after cleaving one or more compounds off the phurality of composite particles in cach
subset, then detecting, by an ulira-performance liquid chromatography system or a high-

performance hiquid chromatography systerm coupled to a mass spectrometry system or
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tandem mass spectrometry svstem, the composite particle identity based on a compound
identity, a purity and/or a svnthetic vield of the plurality of composite particles.
{6581}  Exaraple E33. The method of example E31 or E52, wherein the step of physically
sorting is based on the spectral fingerprints of the composite particles of the plurality.
[3582]  Example E54. The method of any one of examples E31 to ES3, wherein the step
of physically sorting is based on diclectrophoresis.
{0583}  Example ES5. The method of any one of examples ES1 to E33, wherein the step
of physically sorting is based on electrophoresis.
{0584]  Example ES6. The method of any one of examples EST to E33, wherein a
microfluidic device of the flow cell is coupled to the optical detector, the flow cell
comprising a channel in microflindic device, wherein a plurality of subsets comprises a mamn
subset sorted by the optical detector sequentially detecting the spectral fingerprint of each
composite particle, the method further comprising:

dispensing, by the microfluidic device and based on characteristics of the spectral
fingerprint, each of the plurality of composite particles nto individual tubes or wells m a
microplate.
{6585}  Example E57. The method of any one of examples ES1 to ES8, further
comaprising: outputting, by the composite particle dispenser, the plurality of coraposite
particles through an optical beam of the excitation laser system and into a phurality of
collection vessels based on a counted number of composite particles.
[6586]  Example ES8. The method of example E57, further comprising: upon subsets
containing those composite particles of the plurality of composite particles with the same
chemical incorporation history being output in separate vessels of the phurality of collection
vessels, then causing the output composite particies to trigger compound release from the
plurality of compostic particles.
{3387}  Example E39. The method of any one of examples E49 to ES8, further
comprising:

determining, based on a side scatter of beams of a plurality of assay lasers detected by
a side-~scatter detector, a relationship between the number of optically detectable particles
present in a respective composite particle and a magnitude of the side-scatter for any beam of
the plurality of assay lasers as the respective compuosife particle moves through an
micrrogation poirt, the plurality ot assay lasers being downstrean of the excitation laser

gystern and upstream of the mterrogation point; and
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sorting, based on the relationshup, the plurality of composite particles into the plurality
of subsets.
{6588}  Exaraple £60. The method of any one of examples E49 to ES9, further
comprising:

determining a sort bin based on a side scatter valae of beams of a phurality of assay
lasers detected by a side-scatter detector; and

separating, based on the side-scatter value, at least ove of the composite particles of
the plurality of composite particles of the sort bin from a rest of the plurality of composite
particles.
{6589]  Example E61. The method of example Eo60, further comprising:

upon mnterrogating a respective composite particle and placing the respective
composite particle into the sort bin, then transmitting a signal to one or more electrodes
within and/or adjacent a channe] of the flow cell based on detected electrophoretic or
diclectrophoretic properties so that the respective composite patticle s deflected mto a
separate output.
{85547  Example E62. The method of example E60 or E61, further comprising:

upon interrogating a respective composite particle and separating the respective
composite particle mnto the sort bin, transmitting a signal to one or more magnets withm
and/or adjacent a channel of the flow cell based on detected magnetic propertics so that the
respective composite particle is deflected into a separate output.
{6591}  Exanple E63. The method of any one of examples E49 to E62, further
comprising:

analyzing the spectral fingerprint of the composite particle of the subset at every stage
of compound exposure thereby establishing an informatie link between the compound
associated with that subset and the composite particle identity of each composite particle of
that subset.
{65921  Example E64. The method of any one of examples E49 1o E62, further
comprising:

analyzing the spectral fingerprint of the plurality of composite particles to establish an
mformatic link between a respective compound and the composite particle identity of
respective composite particles of the plurality of composite particles.
{63931  Example £65. The method of any one of examples E49 to E64, further

cOmprising:
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detecting, by matnx-assisted laser desorption/iomzation-time of flight (MALDI-TOF)
mass spectrometry (MS), the composite particle identity based on a compound identity, a
purity and/or a synthetic vield of the plurality of composite particles.
{#394]  Example E66. The method of example any one of examples E49 to E65, further
comprising:

comparing each spectral fingerprint to a registry comprising a phurality of known
spectral fingerprints that pertain to composiie particles with a desired chemical matter; and
separating those composite particles comprising one or more spectral fingerprints

matching a desired one or more compounds from a plurality of composite particles.
{08595]  Example E67. The method of any one of examples E49 to E66, further
comprising:

sorting, based on the spectral fingerpring, by creating the subsets based on a detected
fink between the spectral fingerprint and a composite particle identity of a specific
compound.
{85967 Example E68. The method of any one of examples E49 1o E67, further
comprising:

creating a plurality of subscts based on a predicted link between the spectral
fingerprint and a composite paricle dentity of a specific compound, the predicted ink being
determined by a machine learning model trained based on training data that comprises
spectral data of the composite particles, a plurality of compounds, and output variables
representing compound Library data sets.
{85977  Example E69. The method of any one of examples E49 to E68, further
comprising:

separately collecting cach subset, after the step of exposing cach subset of the
plurality of subsets to one or more compounds and then releasing the one or more compounds
from a respective composite particle.
{6598}  Example E70. The method of any one of examples E49 1o E69, further
comprising:

identifving, by a FACS instrument, a number of the optically detectable particles in
cach composite particle; and

separating, based on the number of optically detectable particles, those composite
particles of the plurality of composite particle comprising less than a predeternuned number

of particles from the main subset.
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{85991  Example E71. The method of any one of examples E49 1o E69, further
comprising:

identifying, by a FACS mnstrument, a number of optically detectable particles in each
composite particle; and

separating, based on the number of optically detectable particles, those composite
particies of the plurality of composite particle comprising more than a predetermined number
of optically detectable particles from the main subset.
[6606]  Example E72. The method of any one of examples E49 1o E69, further
COMPrising;

identifying, by a FACS instrument, a number of optically detectable particles in cach
composite particle; and

dispensing, by a fhadic system and based on the number of optically detectable
particies or the spectral fingerprint, cach of the plurality of composite particles into individual
tubes or wells in a microplate, and whercein each separate vessel or well is associated with
specific subset of the plurality of subsets.
{8601}  Example E73. The method of any one of examples E49 t¢ E72, further
comprising:

upon determining if a composite particle of the plurality of composite particles
comprises a number of optically detectable particles falls within a gate, executing a sort event
so that the composite particle within the gate is avtomatically physically removed from the
main subset and into a subset defined by the gate,
{8602]  Example E74. The method of any one of examples E49 to E73, further
comprising:

detecting, by the optical detector, characteristics of the spectral fingerprint of each
coraposite particle;

removing, from a main subset of the plurality of subsets, one or more composite
particles comprising an abundance of non-unigue spectral characteristics.
{0663} Example E75. A spectral fingerprint system for categorizing a plurality of
composite particles, the system compnising:

an optical excitation system configured to excite the composite particles with hight;

a flow cell configured to permit flowing of the composite particles suspended ina
fluid;

an optical detector configured to read a spectral fingerprint of cach composite particle

excited by the hght;
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a control system contigured to control {a) flow of the composite particles n the fhud
through the flow cell, (b) excitation by the optical excitation system of the composite
particles in the flow cell with light from the optical excitation system; (¢} reading by the
optical detector of a spectral fingerprint of each composite particle excited by the light; and
(d) gencrating, based on the spectral fingerprint of each composite particle, a composite
particle wdentity of that composite particle.

{6684]  Example E76. A mcthod for generating a compound library for a plurality of
composite particles, each composite particle comprising a plurality of optically detectable
particles and a network mesh polvmer substantially surrounding the optically detectable
particles, the method comprising:

reading, by the optical detector, a spectral fingerprint of each composite particle
excited by the hght; and

storing, in a data structure of the compound library, an identifier for cach composite
particle based on the spectral footprint and an identifier for the one or more different
compounds coupled to that composite particle.

{8685}  Example E77. The method of example E76, further comprising: dispensing the
plurality of composite particles into a plurality of subsets based on a number of detected
optically detectable particles.

{B6086]  Example E78. The method of example E76 or E77, further comprising:

exposing each subset of a plurality of subsets to one or more compounds to associate
that subset with one or more different compounds.

{86077  Example E79. The method of example E78, wherein the step of exposing
comprises:

dividing the plurality of composite particles into a plurality of subsets;

coupling, for each subset, a chemical moiety to the polvmer of the composite particles
of that subset to form a modified subset; and

pooling the modified subsets to form a modified collection of composite particles.
{6668]  Exanple E80. The method of example any one of examples E78 to E77, further
cComprising:

establishing, by a machine leaming model, an informatic link between the chemical
compound and the identifier for cach composite particle, the machine learming model baving
been trained based on the data structure and training data that comprises speciral data of the
composite particles, the phlurality of compounds that have been coupled, and output vaniables

representing compound library data sets; and
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storing the mformatic link 1 the data structure of the compound library.
{6609} Example E81. The method of example E80, wherein the maching learning model
mcorporates at least one of linear regression, kernel ridge regression, logistic regression,
neural network, support vector machine (SVM), decision tree, hidden Markov model,
Bayesian network, a Gram-Schmidt process, reinforcement-based learning, cluster-based
carning, hierarchical clustering, genetic algorithm, or combination thercof.
{0610}  Example E82. A mecthod for categorizing a plurality of composite particles
suspended in a thad, each composite particle comprising a plurality of optically detectable
particles and a network mesh polvmer substantially surrounding the optically detectable
particles, the method comprising:

causing the composite particles to flow nto a flow cell and be irradiated by an optical
beam one-by-one in the flow cell resulting in detection of a spectral fingerprint and a
composite particle count;

dispensing a plurality of groups of the composite particles into separate vessels based
on a composite particle count;

changing vessels when the composite particle count reaches a predetermined
threshold and then causing a counting operation to restart;

recording a vessel destination for each composite particle in a spectral fingerprint
registry;

incorporating a different chendcal entity onto the respective group of the composite
particles in cach respective vessel;

pooling together the composite particles in each vessel;, and

repeating steps (a) to () after each successive incorporating of the different chemical
entity.
{6611}  Example £83. A method for categorizing a plurality of composite particles
suspended m a fluid, each composite particle comprising a plurality of optically detectable
particles and a network mesh polymer substantially surrounding the optically detectable
particles, the method comprising:

dispensing a phurality of groups of the composite particles into separate vessels;

incorporating a different chemical entity onto the respective group of the composite
particles in each respective vessel;

for cach vessel, causing the composiic particles to flow into a flow cytometer and be
iradiated one-by-one by an optical beam in a flow cell resulting in detection of a spectral

fingerprint;
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collecting an output of the composite particles from all runs in a single vessel thereby
creating a spectral fingerprint registry comprising spectral fingerprints of each groap of the
plurality of groups for the pooled composite particles; and

repeating steps {a) to {d) after cach successive incorporating of the different chemucal
entity.

Additional comments
{B612]  Wile preferred embodiments of the invention are described heremn, it will be
apparent to one skilled in the ast that vanous changes and modifications may be made. The
appended claims are intended to cover all such changes and modifications that fall within the

true spirit and scope of the mvention,
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WHATIS CLAIMED IS:
CLAIMS

1 A method of detecting binding between different chemical compounds and a target,
the method comprising:
incubating a first target with a collection of composite particles, the composite
particles of the collection comprising:
a plurality of optically detectable particles;
a network polvmer gel substantially surrounding the optically detectable
particles; and
a chemical compound coupled to the network polymer gel,
wherein at least some of the composite particles comprise the same chemical
compound as one another, and
wherein at least some of the composite particles comprise different chemicatl
compounds than one another, and
wherein the first target binds differently to different ones of the chemical
compounds;
removing unbound first target from the collection of composite particles;
irradiating the composite particles of the colicction, with the first target bound to
different ones of the chemical compounds, with excitation light;
obtaining emission spectra from the optically detectable particles of respective
composite particles;
obtaining signals respectively indicating whether the first target binds to the chemical
compounds of respective composite particles;
using the emission spectra and the signal to (1) identify the chemical compound which
is coupled 1o at least some of the composite particles and (1) determine whether the first

target binds to that chemical compound.

2. The method of claim 1, wherein the first target s labeled with a probe before the
mcubating.
3. The method of clavn 1. further comprising, afier the first target binds difterently to

different ones of the chemical compounds, labeling the first target with an affinity reagent

that 1s labeled with a probe.
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4 The method of claim 1, further comprising, after the first target binds differently to
dufferent ones of the chemical compounds, mcubating the fust target with an unlabeled
primary affinity reagent, then labeling the unlabeled primary affinity reagent with a

secondary affinity reagent that is labeled with 3 probe.

5. The method of any one of claims 1 1o 4, wherein the composite particles are irradiated
with a first wavelength of Hight that stiimulates the emission spectra of the optically detectable

particles.

6. The method of claim 35, wherein the composite particles are wradiated with a second
wavelength of light that stimelates fluorescence which generates the signal indicating
whether the first target binds to the chemical compounds of respective composite particies.

7. The method of claim 6, wherein the compostte particles are rradiated with the first

and second wavelengths of light at different times than one another.

8. The method of clain 6, wherein the composite particles are irradiated with the first

and second wavelengths of Hight at the same time as one another.

9. The method of any one of claims 1 to 8, wherem the cmission spectra and signal are

obtamed concurrently with one another.

180, The method of any one of claims 1 to 8, wherein the emission spectra and signal are

obtaned at different times than one another,

11, The method of any one of claims 1 to 10, further comprising:
mcubating a second target with the collection of composite particles, whercin the
second target binds differently to different ones of the chemical compounds;
removing unbound second target from the collection of composite particles; and
obtaining signals indicating whether the second target binds to the chemical

corapounds of respective composite particles.
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2. The method of claim 11, wherein the collection of composite particles is ncubated

concurrently with the first target and the second target.

3.

wheretn fluorescence from the first target s at a different wavelength than fluorescence from

The method of clamm 11 or claim 12, wherein the signals comprise fluorescence, and

(95

the second target.

14, The method of any one of claims 1o 13, wherein the emission spectra, the signals, or
both the emission spectra and the signals, are obtained while the composite particles are
static.

15. The method of any one of claims 1 to 14, wherein the enussion spectra, the signals, or
both the emission spectra and the signals, are obtained while the composite particles are

flowed through an inspection point.

16. The method of any one of claims 1 to 15, wherein the signals are optical.
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