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COMBINATORIC ENCODING METHODS FOR MICROARRAYS

Cross-Reference to related applications
This application claims the benefit of priority of
UK patent application No. 1212902.9, filed July 20, 2012,
the contents of it being hereby incorpdrated by reference

in its entirety for all purposes.

Technical Field
The present invention generally relates to a process
for encoding and decoding a microarray. The present

invention also relates to a microarray.

Background

Microarrays are> important tools for diagnostic
applications in research and clinical settings. A major
process in the fabrication of wicroarrays 1is the
patterning of biomolecules such as proteins and DNA onto
a solid support in a controlled fashion. In traditional
microarrays, biomolecﬁles such as proteins and DNA are
introduéed directly onto a solid substrate surface using
spotting technology. However, the poor precision and low
reproducibility of spotting technology results in the
production of microarrays with numerous inaccuracies.

On the other hand, bead microarrays carry microbeads
which in turn are conjugated to biomolecules. Bead
microarrays have significant advantages over traditional
spotted microarrays, such as consistency, flexibility and
faster kinetics. Bead microarrays offer greater
flexibility because the surface chemistry of the beads
can be tailored to suit the biomolecule to be conjugated
on the bead. Potentially, any type of microarray such as
drug-, metabolite-, 1lipid- or carbohydrate-microarrays

can be manufactured by wusing beads. Further, bead
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microarrays ensure consistgnf . results since the
dimensions of the beads can be made ideﬁtical.

However,' one of the main problems with bead
microarrays is the encoding and decoding of individual
beads to determine the identity of ‘the bead and the type
of molecule the bead carries.

Currently, bead arrays typically come in the form of

“liquid arrays” or “planar arrays”. In liquid arrays,

. beads remain in suspension and are read out and decoded

via a physical signature, e.g a color tag, during flow
cytometer based analysis, such as VeraCode™ assays of
Illumina Inc., San Diego, California, United States of
America and =xMAP™ referencing of Luminex Corporation of

Austin, Texas, United States of America.

In planar arrays, beads are deposited onto a
substrate material and typically identified by a physical
signature, e.g. color tags,. oligonucleotidé sequences,
bead shape and size or other means. The array is analyZed
by taking a picture, typically with a microscope or

microarray scanner.

Both approaches suffer from the need for a physical
tag for each microbead in order to distinguish between
different populations of beads carrying different
functional molecules on their surface. The creation of
different tags or libraries of tags with a desired size
of 1000 to 100000 different tags is complicated and to
date has only been partly solved. Currently, 1libraries
with a maximum number of about 500 tags are commercially
available. In addition, the use of tags adds to the
complexity and cost of manufacturing the microarray. Tags
may also interfere with the analyte binding and.

subsequently the readout of the bead.
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Therefore, there is a need tio_provide an encoding
and decoding method fér.microarrays that do not require
tags‘that overcomes, or at least ameliorates, one or more
of the disadvantages described above. | .

5 There is also a need to provide a microarray that
overcomes, Oor at least amel iorates, oné or more of the

disadvantages described above.

_ Summary

10 According to a first aspect, there is provided a
method of encoding a microarray. Thé method comprises a5
depositing at least one batch of particles on a substrate

of a microarray, wherein each batch of particles
comprises at least two sub-batches of particles and

15 wherein in case more than one batch of particles is
deposited each batch of particles is deposited separately

and. an image is taken of each batch of particles on the
microarray after deposition to identify the position of

the particles of each batch on the microarray, wherein

20 (i) in case only one batch of particles is deposited the
~number of particles of each sub-batch is unique to that
sub-batch of particles resulting in a unigque particle
number ratio for the one batch; or (ii) in case at least

_ two batches of particles are deposited the particle
25 number ratio for each batch is either the same or
different from each other; wherein each sub-batch of
particles deposited on the microarray is capable -of
binding to a specific target-analyte, wherein each sub-
batch of a batch binds to a different target-analyte

30 compared to all other sub-batches of the respective
batch; and b) recording information about the position of
particles of the batch(es) and information of the

particle number ratio for the batch(es) obtained under a)

... for  each microarray -produced according - to -this- method; -~
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_Wherein‘the position of the par;}qlés.ahd the particle

number ratio within a batch allows determining which
target analyte is present in a test sample to be analyzed
with the microarray or in case only one batch is
deposited the particle number ratio of the batch allows
determining which target analyte is present in a test
sample to be analyzed with the microarray.

According to a second aspect, the present invention
provides a method of decoding a microarray obtained via a
method referred to above. The method comprising a.
analyzing an image obtained from an entity which
conducted a screening test using a microarray as referred
to in claim 1; wherein analyzing of the image comprises:
(i) determining the position and number or intensity of
detectable signals obtained from binding of the target
analyte to a particle deposited on the microarray; and
(ii) decoding the information obtained under (i) by
comparing the information obtained under (i) with the
information recorded in step b) of claim 1 to identify
the target analyte bound 'to the particles of the
microarray.

According to a third aspect the present invention
provides a microarray for detecting the presence of one

or more target analytes in a sample, the microarray

_ comprising:

an array of particles having one or more binding
sites thereon for binding with said one or more target
analytes présent in the sample, wherein the particle
array comprises at least two particle subsets, each
subset having at least one binding site to one or more
target analytes that are unique to that subset and
wherein the number of particles of each subset is known

and the known number of particles of each subset is used
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tg'generate a ratio value of particlglsubsets to detect
the presence of two or more’target analytes in a sample.

In one embodiment, there is provided a microarray as
described bherein; wherein the ratio wvalue is between
100/1 and 1/1.

In another embodiment, there is provided a
microarray as defined herein, wherein the ratio value is
between 11/1 and 1/1. |

In one embodiment, there is provided a microarray as

"defined herein, wherein the ratio wvalue is a prime

number.

- In another embodiment, there is = provided a
microarray as defined herein, wherein the known number of
particles of each subset is unique to that subset.

In one embodiment, there is provided a microarray as
defined herein, wherein each particle emits a change in a
detectable signal when é target analyte binds to at least
one of the binding sites of the particle.

In one embodiment, there is provided a microarray as
defined herein, wherein the change in the detectable
signal of the particles is anvbptical signal.

In one embodiment, there is provided a microarray as
defined herein, wherein the binding sites of the
particles of one subset bind to only one target analyte.

In one embodiment, there is provided a microarray as
defined herein, wherein the particles are selected from
the group consisting of microbeads and biological
entities.

In one embodiment, there is provided a microarray as
defined herein, wherein the microbeads have a shape

selected from the group consisting of wmicrosphere,

‘microcapsule, microrod, microcube and microtube.

In one embodiment, there is provided a microarray as

defined herein, wherein the microbeads are formed of a
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material selected from the group consisting'mxf plastic,
ceramic, glass, metal, a metal oxide, silicon dioxide,
polystyrene, methylstyrene, aorylic polymer, sepharose,
cellulose, nylon, cross-linked micelles, Teflon,
paramagnetic material, thoria sol, carbon graphite,
titanium dioxide, 1latex, a cross-linked dextran, and
compositions used in peptide, nucleic acid and organic
moiety synthesis or mixtures thereof such as a metal
filled polymer particle.

| In one embodiment, there is provided a microarray as
defined herein wherein the biological entities are
selected from the group <consisting of a cell, a
bacterium, or a virus particle. |

In one embodiment, there is provided a microarray as

“defined herein, wherein the particles are of a size of

0.1 to 500 pym, or 0.1 to 200>um, or 0.1 um to 100 um, or
1 to 100 um, or 1 to 10 um.

In one embodiment, there is provided a microérray as
defined herein, wherein each particler_comprises one or
more active agents capable of.binding with one or more
target analytes.

In one embodiment, there is provided a microarray as
defined herein, wherein_the number of binding sites of
the one or more active agents on each particle is known
and is used to generate a ratio valde of binding sites to
indicate the presence of two or more target analytes.

In a further embodiment, there 1is provided a
microarray as defined herein, wherein the particles
comprise at least two active agents that are capable of
detecting at least two target -analytes and wherein the
number of binding sites on each particle is known and is
used to generate a ratio wvalue of binding sites to
indicate the presence of two or more target analytes in a

sample.
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~In another embodiment, there is a provided a

. microarray as defined herein, wherein the active agent ‘is

a chemical or bioactive agent. ‘

In yet another embodiment, there is provided a
microarray as defined herein, wherein the active agent is
selected from the group consisting of peptides, proteins,
nucleic acids, metabolites, carbohydrates, enzymes,
antibodies, hormones, léctines, drugs, pesticides,
allergens, antigené, receptors, fatty acidé,
oligopeptides, small organic molecules, coordination
complexes, aptamers, cells, cell fragments, virus
particles, polysaccharides, polynucleotides, 1lipids and
mixtures thereof.

In one embodiment, there is provided a microarray as
defined herein, wherein the particles are tagged. with an
identifier. '

In another embodiment there is provided a microarray
as defined herein, wherein the identifier is selected
from the group consisting of a fluorescent tag, a bar
code, a - chemical identifier, a gquantum dot, ‘a
microstructure, a nucleic acid identifier, an ehgraving
and a radio frequency tag.

| In a fourth aspect, there is provided a system for
determining the presence of one or more target analytes
in a sample, the system comprising:

a microarray having an array of particles having one
or more binding sites thereon for binding with said one
or more target analytes present 1in the sample, wherein-
the particle array comprises at least two particle
subsets, each subset having at least one common binding
site to one or more target analytes that are unique to
that subseﬁ and wherein the number of particles of each
subset is known and the known number of particles of each

subset 1is used to generate a ratio value of particle
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subsets td indicate the presence of two or mere target
analytes in the sample;

a detector conflgured in use to detect the change in
the detectable signal emitted by the particles;

a processor configured in use to count the number of
particles that emit a change in a detectable signal based

on the detected change in the detectable signal to

.determine the presence or absence of one or more target

analytes that are unique to said particle subsets.

In one embodiment,' there ’is provided a system as
defined herein, further comprising:

an imager configured in use to image the microarray;

a memory configured in use to record the location of
each particle based on the images obtained from the
imager; and

wherein the processor is configured in wuse to
interrogate the memory and compare the recorded location
of each particle with the data received from the detector
to identify the presence or absence of one or more target
analytes that are unlque to the particle subsets.

In a further embodiment, there is provided a system
as defined herein, wherein each particle emits a change
in a detectable signal when a target analyte binds to at
least one of the binding sites of the particle.

In another embodiment, there is provided a system as
defined herein, wherein the chahge in the detectabie
signal of the particles is an optical signal.

In another embodiment, there is provided a system as
defined herein, wherein the detector is an optical
detector.

~ In one embodiment, there is provided a system as
defined herein, wherein the ratio value is between 100/1

and 1/1.
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In anQther embodiment, there is provided a,system as

'defined herein, wherein the ratio wvalue is between 11/1

and 1/1.

In another embodiment, there is provided a system as
defined herein, wherein the ratio value is 'a primer
number.

In yet another embodiment, there 1is provided a
system as defined herein, wherein the known number of
particles of each subset is unique to that subset.

In another embodiment, there is provided a system as
defined herein, wherein the binding sites of the
particles of one subset bind to only one target analyte.

In another embodiment, there is provided a system as
defined herein, wherein each pérticle ‘comprises one or
‘more active agents capable of binding with one or more
target analytes.

In a further embodimenﬁ, there is provided a system
as definéd herein, wherein the number of binding sites of
the one or more active agents on each particle is known
and is used to generate a ratio value of binding sites to
indicate the presence of two or more target analytes.

In a further embodiment, there is provided a system
as defined bherein, wherein the particles comprise at
least two active agents that are capable of detecting at
least two target analytes and wherein the number of
binding sites of the active agents on each particle‘is
known and is used to generate a ratio value of binding
sites to indicate the presence of two or more target
analytes in the sample.

The further features stated above in respect of the
first to third aspects are equally applicable and hereby
restated in respect of the fourth aspect.

In a fifth aspect, there is provided a method of

manufacturing a microarray comprising the steps of:
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i) p;eyiding ‘at least two subsets of _parficles
having one or more binding sites thereon for
binding with one or more target analytes
present in a sample,

ii) preparing a mixture of at least two subsets of
particles wherein the number of particles of
each subset is known and the known number of
particles of each subset is used to generate a
ratio value of particle subsets to indicate the
presence of two oxr more target analytes in a
sample, ‘

iii) depositing the mixture of particle subsets onto
a substrate to form a microarray.

"In one embodiment, there is provided a method as

described herein, further comprising the step of imaging

the substrate having the particles deposited thereon.

In anothef embodiment, there is provided a method as
defined herein, further comprising sequentiélly repeating
the steps as defined above. _

In another embodiment, there is provided a method as
defined herein, wherein the ratio value is between 100/1
and 1/1. '

In another embodiment, there is provided a method as
defined herein, wherein the ratio value is between 11/1
and 1/1.

In yet another embodiment, there is provided a
method as defined herein, wherein the‘ratio value is a
prime number. |

In another embodiment, there is proﬁided a method as
defined herein, wherein the known number of particles of
each subset is unique to that subset.

In yet. another embodiment, there is provided a

method as defined herein, wherein the known number of

10
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In another .embodiment, there is provided a methed as

L]

defined herein, wherein the binding sites of the

- particles of one subset bind to only one target analyte.

In another embodiment, there is provided a method as
defined herein, wherein each pafticle .comprises one or
more active agents capable of binding with one or more
target analytes.

In a further embodiment, there is provided a method
as defined hereih; wherein the number of binding sites of
the one or more active agents on each particle is known
and is used to generate a ratio value of binding sites to
indicate the presence of two or more target analytes.

In yet another embodiment, there 1is provided a
method as defined herein, wherein the particles comprise

at least two active agents that are capable of detecting

‘at least two target analytes and the number of binding

sites on each particle is known and is used to generate a
ratio value of binding sites to indicate the presence of
two or more target analyteskin a sample.

In one embodiment, there is provided a method ‘as
defined herein, wherein the substrate is selected from

the group consisting of polymeric materials, organic

~ materials, inorganic materials, metals, ceramics,

plastic, rubber, glass, fibrous materials, graphite or

silicon, silicon dioxide, silicon nitride, modified
silicon, glass, modified or functionalized glass,
inorganic glass, plastics, acrylics, polystyrene,

copolymers of styrene, polypropylene, polyethylene,

_polybutylene, polyurethane, Teflon,- polysaccharide,

nylon, nitrocellulose, resins, silica, silica-based
materials and carbon.

The further features stated above in respect of the
first to fourth aspects are equally applicable and hereby

restated inbrespect of the fifth aspect.

11
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In a sixth;a;bect, there is provided a methodmgpf
determihing the presence of one or more té}get analytes
in a sample, the method comprising the steps'of:

contacting the sample with an array of particles
having one or more bihding sites thereon for binding with

said one or more target analytes present in the sample,

the particles emitting a change in a detectable signal

when a target analyte binds to at 1least one of the
binding sites of the particles, wherein the particle
array comprises at least two particle . subsets, each
subset having at least one binding éite to one or more
target analytes that are unique to that subset and
wherein the number of particles of each subset is known;

detecting the change in the detectable signal
emitted by the particles; and

counting the number of particles that emit a change
in a detectable signal based on the detected change in

the detectable signal to determine the presence or

‘absence of one or more target analytes that are unigue to

said particle subsets.

In a further embodiment, there is provided a method
as defined herein, further comprising the steps of:

' detecting the  magnitude of the change 1in the
‘detectable signal emitted by the particles; and
determining the number of binding sgites that have

bound to a target analyte based on the change in

detectable signal to determine the presence or absence‘of
one or more target  analytes that are unique to the
particle subsets: '
In- one embodiment, there is provided a method as
defined herein, further comprising the steps of:
imaging the microarray;
recording the location of each particlé based

.on the images obtained; and

12
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~ comparing the detected change in the detectable
signal with the recorded loéation of each particle
to identify the presence or absence of one or more
target analytes that are unique to the particle
subsets. | | '
In one embodiment, there is provided a method as
defined herein, further comprising the step of:
contacting the particles with a reagent to identify
the presence or absence of one or more tafget enalytes
that are unique to the particle subsets on the basis that
the particle subsets emit a change in detectable signal
only when contacted with that particular reagent. 4
In another embodiment, there is provided a method as
defined herein, wherein the reagent is a fluorescently

labeled binding molecule, or an antibody, or a receptor,

- or an aptamer.

In one embodiment, there is provided a method as
defined herein,  wherein the detectable signai is an
optical Signal. o

In one embodiment, there is provided a method ‘as
defined herein, wherein the target amalyte 1s an
inorganic or organic molecule. _

In another embodiment, there is provided a method as
'defined: herein, wherein the target analyte is selected
from the group consisting of an environmental pollutant(
a chemical, a biomolecule, a whole cell, a bacteria, a
virus and a spofe.

In one embodiment, there is provided a method as
defined herein, wherein the environmental pollutant is
selected from the group <consisting of pesticides,
insecticides and toxins.

In one embodiment, there is provided a method as

defined herein, wherein the chemical is selected from the

13
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group consisting of solvents, polymers and -organic
h;terials. | _ |

In one embodiment,‘ there 1is provided a method as
defined herein, wherein‘the_biomolecﬁle is selected from
the group consisting of hoxrmones, cytokines, proteins,
nucleic acids, 1lipids, allergens, carbohydrates, enzymes,
antibodies, antigens, cellular membrane antigens 'and
receptors or their ligands.

In one embodiment, therxe is provided a method as
defined herein, wherein the whole cell is selected from
the group consisting of eukaryotic cells, prokaryotic
cells, mammalian cells, tumour cells, blood cells,
epithelial cells,’nerve>cells and muscle cells.

In one embodiment, there is provided a method as
defined herein, wherein the wvirus i1ig selected from the
group consisting of retroviruses, herpesviruses,
adenoviruses and lentiviruses.

In one embodiment, there is provided a method as

defined herein, wherein an identifier is added to the

vtarget analyte.

In another embodiment, there is provided a method as
defined herein, wherein the identifier is selected from
the group consisting of a fluorescent tag, a bar code, a
chemical ideﬁtifier, a quantum dot, a microstructure, a
nucleic acid identifier, an engraving and a radio
frequency tag.

In yet another embodiment, there is provided a
method as defined hérein, wherein the identifier is
directly conjugated to the target analyte or indirectly
conjugated to the target analyte by means of a linker
molecule.

The further features stated above in respect of the
first to fifth aspect are equally applicable and hereby

restated in respect of the sixth aspect. Also, the

14
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further features stated above in respect of the -sixth

aspeet are equally applicable and hereby restated in

respect of the first to third aspects.

Definitions

The following words and terms used herein shall have
the meaning indicated:

The terms “combinafory encoding” or “combination
encoding"' as used herein refers to the disclosed
microarray encoding and decoding process.v

The terms “microerray” or “array” as used herein
refers to an array of particles on a solid support,
wherein each particle has a selected, active agent
capable of binding with a specific target 'analyte. In
other examples the active agent is capable of binding
with more than one target analyte.

The term “particle” refers to nano- or
microparticles. In one example a particle has a particle
size in the micron-sized range, or from 0.1 microns to
about 1000 microns or from 1 micron to 500 microns. In

one embodiment, when the particle is substantially

- spherical in shape, the particle size refers to the

diameter of the particle, which is in the micron-sized
range. Where the particle 1is spherical shaped, the
“perticle” is then termed as a “bead”, such as a nono-
bead or microbead. 1In enother embodiment where the
particle does not ‘have a spherical shape, the particle
size may refer to the equivalent diameter of the particle
relative to a spherical particle or may refer to ‘a
dimension (length, breadth, height or thickness) of the
non—spherical particle.

. The term “sub-batch” or “subset” as used herein,
refers to particles of the same kind and carrying the

same biorecognition molecule or “active agent” on its

15
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surface. Beads of.a sub-batch or subset are idenﬁicalf
with one ;nother and bind to the same target analyte via
the active agent on their surface. |
The term “batéh” ‘as  used herein refers to a
_plurality of particles formed from two or more sub-

batches. The bead number iatio or ratio value of the sub-

“batches can be equal and/or different.

The term “super-batch” as used herein refers to
plurality of particles formed from two or more batches.
The bead number ratio or ratio value of the batches can
be equal and/or different.

The term “population” as used herein refers to the
total collection of particles deposited on a microarray.

The term “plurality of particles” as used herein
refers to any number of particles greater than 1;
typically a large number of particles.

The term “known” refers to éhfiied.or predetermined
number. For example, the number of particles in a subset
may be fixed or predetérminedvor the number of binding
sites on each particlé may be fixed or predetermined.

The term “encoding” as used herein refers to the
identification of microbeads in a sub-batch, batch or-
super-batdh to determine the “active agent” carried by
the microbead or the anaiyte détectéd by the microbead.

The terms “lockingly engaged” or grammatical
variants thereof refers to the stable deposition of the
bead onto the surface; wherein the bead will keep its
spatial position on the substrate during the deposition
of further beads and the performance of biocassays.

The term “active agent” refers to any chemical agent
that is chemically active or biological agent that is
biologically active and which is capable of binding or
reacting with a target analyte or an intermediary bound

to the target analyte. The active agent may exhibit

16
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chemical activity and may include an environmental -
. _

contaminant such as organic materials (for example,

aliphatic hydrocarbon compounds, aromatic—containing

compounds and chlorinated compounds) or 1norganic

materials (for example, metals and nitrates); a chemical

warfare agent (for example, nerve agents such as sarin,

soman, tabun and cyclosarin, blood agents such as arsines
and hydrogen cyanide, or lachrymatory agents such as tear
gas and pepper spray); a herbicide; a pesticide; a
metabolite; a drug; lipids,-carbohydrates, or a chemical

catalyst. The active agent may exhibit biological

| activity and may be referred to in the specification as a

“biocactive agent”. »

- Exemplary biocactive agents include prbteins,
antibodies, oligopeptides, small organic mdlecules,
coordination complexes, aptamers, cells, cell fragments,
virus particles, antigens, polysacchérides, lipids and
polynucleotides, which can be attached to or bonded to a
particle. Accordingly, the term “biologically active
particle” fefers to a particle as defined herein which
has an active agent that has biological activity or by
itself is biologically active.

Thé term “chemical active particle” refers to a
particle as defined above which has an active agent that
has a chemical activity. The term “active agent” may also
refer to an agent exhibiting physical activity, such as
responding to a physical stimulus in a predetermined way
including processes such as emission of 1light wupon
excitation, emission of heat upon  absorption of
electromagnetic radiation or microwaves.

The term "target analyte" refers to a substance to
be detected that is capable of binding to the active
agent. A target analyte may also be a substance to be .

detected for calibration purposes. Exemplary target

17
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analytes include, but are .net limited to, nucleic acids,
polynucieotides,! drugs, hormones, proteins, enzymes,
antibodies, carbohydrates, receptors, bacteria, cells,
virus particles, spores, 1lipids, allergens and antigens.
The target analytes may be directly or indirectly labeled
with a tag to generate a signal. Typically but not
limiting tags are fluorescent tags, dyes, quantum dots,
particles, enzymes, electrochemical active compounds or
other signal generation entities.

The term "specific binding substan;e" may refer to a
substance which has a specific affinity for a certain
substance. For example, a target analyte in a sample may
be capable of undergoing a specific binding reaction with
the active agent. Examples of combinations of the
specific substance with the specific binding substance
include: antigens with corresponding antibody molecules,
a nucleic acid sequence with its complementéry sequence,
effector molecules with receptor molecules, enzymes with
inhibitors, activators or -substtates, . sugar chain~
containing compounds with lectins, aptamers with its
binding partners, an ‘antibody molecule with another
antibody molecule specific for the former antibody,
receptor molecules with corresponding antibody molecules
and the like combinations. Other examples of the specific
binding substances include a compound which has been
chemically modified to such a degree that iﬁs specific

binding activity still remains intact and a complex body

- of a COmpbund bound to other components. Examples of

combinations of such types of specific binding substances
with the specific substances include: a chemically
biotin—mbdified antibody molecule or polynucleotide with
avidin, an avidin-bound antibody molecule with biotin and

the like combinations.

18
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The’term-“binding site” .refers to a region or domain
of a specific binding substance or active agent which is
capable of binding to a target analyte.

The terms “reagent” or “reagents” refer to a

substance or a mixture of substances that specifically

" detects one target analyte. Typically a reagent is a

fluorescent labeled binding molecule, antibody, receptor
or aptamer. Reagents can be mixed to create a reagent to
detect more than one target analyte.

The term "protein"'as used herein may be defined as
two or more covalently bonded amino acid, which includes
proteins; polypeptides, oligopeptides and peptides.

- The terms "amino acid" and "peptide", as used herein
refer to both naturally occurring and synthetic amino
acid and amino acid chains respectively.

The  term “substantially” does not = exclude

 “completely” e.g. a composition which is “substantially

free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.

Unless specified otherwise, the terms "comprising"
and "comprise", and gfammatical variants thereof, are
intended to represent "open" or "inclusive" language such
that they include recited' elements but also permit
inclusion of additionai, unrecited elements.

As used herein, the term %about", in the context of

concentrations of components of the formulations,

itypically means +/- 5% of the stated value, more

typically +/- 4% of the stated value, more typically +/-
3% of the stated value, more typically, +/- 2% of the

‘stated value, even more typically +/- 1% of the stated

value, and even more typically +/- 0.5% of the stated

value. I
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Throughout this disclosure, certain embodiments may
be disclosed in a range format. It should be understood

that the description in vrange format is merely for

convenience and brevity and should not be construed as an

inflexible limitation on the scope of the disclosed
ranges.>Accordingly, the description of a range should be
considered to have specifically disclosed all the
possible 'sub-ranges as well as individual numerical
values within that rénge. For example, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies
regérdless of the breadth of the range.

Certain embodiments may also be described broadly
and generically herein. Each of the narrower species and

subgeneric groupings falling within the generic

disclosure also form part of the disclosure. This

includes the generic description of the embodiments with
a proviso or negative limitation removing any subject
matter from the genus, regardless of whether or not the

excised material is specifically recited herein.

Detailed Disclosure of Embodiments

Exemplary, non-limiting embodiments of the invention
will now be disclosed. |

In one example, it is described a method of encoding
a microarray. The method can comprise in a fist step
depositing at least one Dbatch of particles on a
microarray, wherein each batch of particles comprises at
least two sub-batches of particles. In case more than one
batch of particles is deposited each batch of particles

is deposited separately and an image is taken of each
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«batch of particles on the microarray after deposition to

<

identify the position of the particles of each batch on

the microarray. In case only one batch of particles is

"deposited the number of particles of each sub-batch is

unique to that sub-batch of particles resulting in a
unique particle number ratio £for the one batch. 1In
another example, in case  at 1least two batches bf
particles are deposited the particle number ratio for
each batch is either the same or different from each
other. Each sub-batch of particles deposited on the
microarray is capable of binding to a specific target-
analyte, wherein each sub-batch of a batch binds to a
different target—analyte compared to all other sub-
batches of the respectiire patch or compared tb all other
sub-batches of all batches deposited. Furthermoré, the
method can comprise recording information about the
position of particles of the batch(es) and information of
the particle number ratio for the batch(es) obtained
before for each microarray produced according to this
method. The position of the particles and the particle
number ratio within a batch allows determining which
target analyte is present in a test sample to be analyzed
with the microarray or in case only one batch is
deposited the particle number ratio of the batch allows
determining which target analyte is present in a test
sample to be analyzed with the microarray.

In another example, the present invention provides a
method of decoding a microarray obtained via a method
referred to above. The method can comprise in a first
step ‘analyzing an image obtained from an entity which
conducted a screening test using a microarray as referred
to herein. Analyzing of the image can comprise
determining the position and number or intensity of

detectable signals obtained from binding of the target
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analyte to a particle depos{ted on the microarray. It can
further compriée decoding the information obtained above
b& comparing the ﬂinfofmation obtained above with the
information recorded from the microarray to identify the
target analyte bound to the particles of the microarray.

In another example disclosed herein is a method for
decoding a bead microarray which does not rely on
physical tags or labels and thereby determining the
identity of each single microbead in which the bead
microarray was formed by a éingle deposition of a bead
batch and in which the bead batch was premixed from at
least three sub bead batches and in which the sub bead
batches have different bead number ratios to distinguish
the sub bead batches from one another and each sub bead
batch carries a different binding ligand on its surféce
to detect a different analyte and in which an optical
signal is generated by the sub bead batches in the
présents of its respective analyte and the identity of
the sub bead batches generating an optical signal is
decoded by the bead number ratios of beads generating a
optical signal compared to beads not generating an
optical signal. As disclosed herein, the identity of
single beads can only be decoded by analyzing signals
originating from a plurality of beads; in comparison to
the state of the art only teaching bead identification by
self-encoded beads carrying physical identifier. The
decoding information is present in the plurality of beads
but not in each single bead.

Advantageously, in another example, there is
provided a microarray for detecting the presence of one
or more target analytes in a sample, the microarray
comprising: /

~an array of particles having one or more binding

sites thereon for binding with said target analytes
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'present in the sample, the particles emitting a change in
a detectable signal'when a ta}get analyte binds to the
binding site of the particle, wherein the particle array
comprises at least two particle subsets, each subset
having a common binding site to one or ‘more target
analytes that are unique to that subset and wherein the
number of particles of each subset is known.

The plurality of particles may be present in one or
more batches such that each batch of particles may
comprise a plurality of sub-batches (or subsets) of
particlés;

' The detectable signal may be an optical signal.

Advantageously, the disclosed method may allow the
encoding and decoding of a microarray by'a combination of
(i) deposition of batches of particles having different
particle number ratios based on the particles present in
each sub-batch making up that particular batch and (ii)
use of a reagent or reagent mixtures that react with
known and predetermined target analyte(s) present in the
sub-batches or batches of particles.

If more than one batch is deposited, after the
deposition of each batch, an image'of the microarray may
be taken in order to capture the positions of the
particles of that batch in the microarray. Thebimage of
the current microarray would ‘deduct’ the image of the

previous microarray so that an accurate image of each

_batch is taken, rather than an image of the cumulative

batches. By knowing the positions of the particles making
up each batch, the exact batch that reacted with the
target analyte may be determined.

The particle ratio based on the number of particles
in each sub-batch making up the batch may Dbe
predetermined. By knowing the particle ratio, the exact

sub-batch that reacted with the target analyte may be
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determimed.. For example, the particle ratio of a batch of

' 'a microarray (also referred to as particle number ratio)

is 5/3/1. Each of the three sub-batches of this batch
comprises a} different amount of particles or beads
according to the ratio 5/3/1, wherein 5 represents sub-
batch 1, 3 representsvsub-batch 2 and 1 represents sub-
batch 3. For example 500 beads; 300 beads and 100 beads,
respectively. Now a sample is brought in contact with
this microarray which is suspected to comprise target
analytes capable of binding to the active agents of the
three different sub-batches. The signals measured are
equivalent to 400. This would mean that the sample
comprised the target analytes which bind specifically to
sub-batches 2 and 3 of the batch with the ratio 5/3/1.

Thus, as the reagent used is specific for the target
analyﬁe that is bound to the active agent(s); by knowing
the exact batch and sub-batch determined from the above,
the target analyte can be identified and the microarray
can be decoded without the use of physical tags or
identifiers linked to the particle(s).

Typically, but not limiting, the active agent bound
to the particle may be an antibody (capture antibody),

the target analyte is the corresponding antigen and the

" reagent 1is a fluorescent labeled antibody (detector

antibody), thereby forming a sandwich immune assay. The
particle population and its corresponding target analyte
is identified by recoding the fluorescence signal and
using the disclosed combinatory encoding method. Because
the bead batches are identified by combinatory encoding
reagents‘with the same fluorophore for all bead batches,
the fluorescence signal from all of the bead batches can
be measured using a single wavelength.

If one batch is used, it is not necessary to image.

the microarray and the microarray can be decoded using
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the partiele ratio of the various sub-batches~making up
the batch as described exemplarily above.

More advantageously, the disclosed method may allow
the encoding and decoding of a microarray without using a
physical tag or identifier attached to the particles and
by only using a single wavelength in case of optical
tests. “Without using a physical tag or identified” means
that during the decoding of the informétion obtained from
the microarray the measured optical signal'alone is not
sufficient to determine which target -~ analytes were
present in a test Sample. Only the knowledge of the bead
ratio (in case of a single batch on the microarray) or
the bead ratio and the knowledge of the position of each
pead of the different batches (in case more than one
batch is comprised on the microarray) allows to identify
which target analytes were comprised in the test sample.

Hence, the disclosed method méy overcome problems
associated with the prior art such as tagging of each
individual particle in each batch and use of multi
wavelengths readout. ;

The disclosed methéd also overcomes interferences
between fluorophores and dyes for tagging with
fluorophores . and dyes for signal generation. As no dyes
for tagging are necessary complex optical assays such as
FRET assays can be easily incorporated into beads of the
present invention.

The ratio of signal intensities was previously used
to identify bead batches. However all prior art on Signal
intensity ratios is based on intensities from optical
labels or tags incorporated into the beads. For example,
W02011/127042 ‘teaches the identification of beads by
“mﬁltimodal distribution patterns” which are defined as
“data sets of at least two tagged-beads plotted as bead

count versus label intensity” wherein tagged beads refer
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to'“any bead =attached to .a label i.e.‘a unique- colored
beadm". Microbeads employed in WO2011/127O ~and
US2003/OO73086 are self-encoded; the decoding of the
beads is possible with information already'incorporaged
into a single Dbead, typically a color éode. In
comparison, the signal ratio intensities of the current
invention do not originate from pre-incorporated labels
or tags. The current invention does not rely on physical
’labels attached to beads and beads are not self-encoded.
Instead the decoding information is contained in the
plurality of beads and not in each single bead. Only by
observing the plurality of beads, typically hundreds to
thousands of Dbeads and determining signal intensity
ratios of the plurality of beads the bead sub batches can
be decoded.

As mentioned above, the .microarray may be imaged
after.deposition‘of each batch to determine the spatial
position of all added particles after each deposition
step. The position of all particles for one particular
batch “M” is determined by image analysis; wherein the
previoqs image “M-1” 1is deducted from the current image
“M”, In this way a data table with positions of all
particles of batch “M” is generated. Batchb“M” was formed
of mixtures of sub batches “m” to “m+x”; wherein “x+1” 1is
the total number of sub—batches of ™“M”. Sub-batches
forming batch “M” have different particle number ratios.
The identity of sub-batch particles is determined by
analysié of particle signals after performing the
biocassay, and encoded by the known particle ratio of all
batches ™m” to “m+x”, wherein x- is typically but not
limited between 1 and 10, that is, 1, 2, 3, 4, 5, 6, 7,
8, 9 or 10. Thereby, a number of up to “x+1” target
analytes can be determined in a single deposition batch

without having to use a physical tag or identifier to
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determine which "target-analytes bound to the particles:
More than one batch can be deposited sequentially and
imaged after each deposition. For example, a typical
batch may consist of 5 sub-batches to allow the analysis
of 5 different target analytes from a single particle
deposition step.

The decoding of particles as mentioned above may be
combined by sequential reagent incubation to increase the
number of particle sub-batches from a single deposition
batch which can be encoded. First a batch “M1” is formed
of mixtures of sub batches “ml,1” to “ml,1+x1”; wherein
“x1+41” is the total number of sub batches of “M1”. Then a
'second batch “M2” is formed of mixtures of sub batches
"m2,1” to "m2,1+x2”; wherein “x2+1” is the total number
of sub batches of “M2”. Further batches “M2” to “Mn” can
be formed to create a total number of “n+l” batches;
wherein “n” is typically but not limited to 1 to 10, that
is, 1, 2, 3, 4, .5, 6, 7, 8, 9 or 10. In all batches “M”
to “Mn”, the sub-batches for example “ml” to “ml,1+x” are
formed by using different particle ratios for each sub-
batch. For example, a ratio of 10/5/2/1 for four sub-
batches may be used.

Based on this ratio, it can be seen that a batch is
formed which contains 10 times more particles of the
first sub-batch compared to the last sub-batch, and 5
times more particles of the second sub-batch compared to
the last  sub-batch and 2 times more particles of the
third sub-batch compared to the last sub-batch. Then,
batches. “"M” to “Mn” are mixed together to form a super
batch ”S1”. The super batch is deposited and imaged to
determine the spatial location of all beads of the super
batch. A set of reagents “R1” to “Rn” corresponding to

each batch "“M1” to “Mn” is formed wherein for example,
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reagent “R1” contains all reagents necessary to detect
all sub-batches of a batch.

The decoding of beads is performed by sequential
reagent application. First, the microarray formed from a
single deposition of super batch “S1” is bontacted with
the sample to cause binding of analytes to its respective
active agents on the particles. Then, reagent “R1” is
applied and a signal is only generated for beads “ml,1”
to "ml,1+x1” if its respective analyte was present in the
sample. Because the total nﬁmber»of particles deposited
in any given area of the microarray is known and the
particle number ratio of sub-batches is known, particles
generating a signal can be decoded;

In this way a total of for example 15 analytes can
be encoded and detected by sequential incubation of 3
reagenfs “R1  to R3” each encoding 5 sub-batches of
particles'with different particle number ratio. It must
be noted that only one particle depositidn and one
imaging step was performed.

Most preferablyy. particle ratioé of prime numbers
such as 11/7/5/3/1 are used for more robust batch
identification. ‘

Preferably, the known number of particles of each
subset is unique to that subset.

A microarray may also be formed from more than one
super batch in  which super batches “S1” to “Sn” are
created. Super batches ™“S1” to Y“Sn” are sequentially
deposited and imaged after each deposition step to
determiné the position of all particles of the respective
super batch.

After sample incubation, particles are decoded by
sequential incubation with reagents "“R1l to “Rn”; wherein
“R1” contains all reagents to éncode all particles of the.

first batch “M1” in each super batch; “R2” contains all
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reagents t9~encode al® particles of the second batch ™“M2”
in each super batches and so on. The total numbers of
beads “T” which can be encoded by this method is: T =
Numbex{ of batches x number of sub-batches x number of
super-batches.

| It is also to be noted that other microarrays having
different numbers of sub-batches, batches and super-
batches as well as different particle ratios may be
formed and are not 1limited to those specific examples
above.
| The number of possible target analytes to be encoded
may be further increased by using the same sub-batch in
two or more different batches and those batches are
sequentially deposited to determine the spatial positions
of all particles in the batch. This advanced combination
encoding method can be best disclosed with a non limiting
example. For example, 6 batches “Ml” to "M6&” are
prepared. Eachv batch consists of multiple sub-batches
“SB1” to “SBx”. Batches are now formed in the fOilowing
way; different combinations of sub-batches in batches are
created, for example, sub-batch SBl1l is present only in
batch M1l; sub-batch SB2 is present in batch M1 and M2;
sub-batch SB3 is present in batch M1, M2 and M3; sub-
batch SB4 1igs present in batch M4; sub-batch SB5 1is

present in batch M2 and M3; sub-batch SB6 is present in

batches M2, M3 and M4; sub-batch SB7 1is present in
batches M4 and M5; sub-batch SB8 1is present in all
batches; and so forth. Hence, batch M1 contains SB1l, SB2,
Sb3 and SB8; batch M2 contains SB2, SB3, S8B5, SB6 and
SB8; batch M3 contains SB3, SB5, SB6 and SBS; batéh M4
contains SB4, SB6, SB7 and SB8; batch M5 contains SB7 and
SB8; and batch Mé contains SB8 only. The highest encoding
numbér is reached when every combination of the sub-

batches in the Dbatches is reached. The sub-batch
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- combinations are all knowh and spatial positions of all

particles of a batch are known. By using a single sample
-and reégent incubation, all particles can be decoded. For
example, if a signal is generated only in batches M1, M2
‘and M3, the corresponding analyte to particles of sub-
batch SB3 is present.

This method can be further combined using different
particle number ratios to better distingﬁish sub-batches
from one another. With this powerful combination encoding
method, a very large numbexr of different sub-batches,

each detecting a different analyte, can be encoded and

‘microarrays - with high multiplex capabilities can be

produced with lesser number of particle deposition steps. -

A preferred embodiment of the current invention is
using the Landau function in combination with prime
number bead ratios, wherein the objective is to maximize
the number of bead sub—bétches for a given number of bead
batches, in order to reduce the number of particle
deposition steps required. For a giveh. ﬁumber of bead
sub—batches ‘n" , the batches are partitioned 'in such a
way that no bead sub-batch appears more than once in the
subgroup of bead batch. The best possibleupartition of
the bead batches with every sub-batch occurring only once
in the subgroup of bead batches 1is represented by the
Landau’ s function g(n). It is defined for every natural
number n to be the largest order of an element of the
symmetric group S,. Equivalently, g(n) 1is the largest
least common multiple (LCM) of any partition of n, or the
maximum number of times a permutation of n e€elements can
be recursively applied to itself before it returns to its

starting sequence.

For instance, 5 = 2 + 3 and LCM (2,3) = 6. No other
partition of 5 yields a bigger LCM, so g(5) = 6. An
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element of order 6 in the group S; can be written in cycle

. .

notation as (1 2) (3 4 5).

if “s” combinations of ratios can be found such that
each rétio is unique and the sum of proportions is also
unique for all possible combinations. Then by depositing
the bead sub-batches using the ratids c*s bead sub-
batches can be encoded using the same number of bead
batches. For e.g. for n=13 if the first bead sub-batch is
encoded in bead batches 1 and 7 then we expect the 43rd
bead sub-batch also to be encoded into-the bead batches 1 -
and 7 (see table 1 below). In such a way 1f the beads of
batch 1 are encoded in bead pools with a particular ratio
while the beads of batch 43 are encoded into the same two
pools 1in a different ratio, decoding can still be
achieved based on the ratios. Advantageously, ratios of
prime numbers are used such that the sum of the
prdportions is never egual to the another proportion
value, e.g. 1:2:3:5 2+3 adds up to 5 so such combinations
should. be avoided and instead can follow a ratio as

follows 1:3:5:7:11 and so on.
Decoding by Pooling

LCM =6 * 7 = 42 (Since we divide 13 groups in subgroups of 6 and 7)

Bead batch
No.
1
2
3
4
5
6
7
8
9
10
11
12
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LCM =
42
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42+42
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104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121 B8
122
123
124
125
126

Table 1 - Example of how to maximize number of bead sub-
batches encoded by a fixed number of batches.

The number of bead sub-batches that can uniquely be
encoded can further be increased by depositing each bead
sub-batch in more than just a pair of bead batches. For
e.g. for n=20, depositing each bead sub-batch in 3 bead
batches, one possible value can be c = LCM(5,7,8) = 280.
In general, for n bead batches and if each bead sub-batch
is deposited in k bead batches then the number of unique
encodings is ¢ = LCM(ml.m2.m3....mk) such that ml + m2 +
m3 + .... + mk = n.

It should be noted that the disclosed method does
not use any physical tag or identifier and only relies on
combination encoding/decoding. The permutations of sub-

batches in batches provide a decoding key for microarrays
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- 6f ‘the disclosed wmethod and only “the holder of the

" decoding key can make use of the analytical information.

The above combination methods are  further
illustrated in Examples 1 to 6 below. It is to be noted
that different combinétion methods can be combined to
achieve a higher encoding. The numbers given in these
examples are only for illustration purpose and do not
represent limitations of the methods.

The particle may be a bead or a biological entity
such as a cell, a bacteria or a virus particle. 1In

embodiments where the particle is a microbead, the

'microbead may be an irregularly shaped microbead or a.

-regularly shaped microbead. The microbead may also have a

shape selected from the group consisting of microsphere,
microcapsule, microrod, microcube and microtube. In one
embodiment, the microbead is a microsphere.

The microbead may be formed of a material selected

from vplastic, ceramic, glass, metal, . a' metal oxide,
silicon dioxide, polystyrene, methylstyrene, acrylic
polymer, | sepharose, cellulose, nylon, cross-linked
micélles, Teflon, paramagneticmaterial, thoria sol,

carbon graphite, titanium dioxide, latex or éross—linked
dextran such as sepharose, cellulose, nylon, cross-linked
micelle and teflon or with similar compositions used in
peptide, nucleic acid and organic moiety synthesis or
mixtures thereof, for example, metal £filled polymer
particles. '

Methods of how to bind particles to the surface of a
microarray are known in the art. In the present invention
the particles are considered to be attachable to the
surface of the microarray, for example via a linker. It
is also possible to localize particles on the substrate

of a microarray by providing a grit comprising wells.

© Each well is capable of holding exactly one particle.
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-

This method can be used in combinati®n with a method
where for éxample the particies comprise a linker for
attachment to the surface of the microarray.

In embodiments where the particle is a cell, the
cell may be a 1living cell or a dead cell. The cell
particles may be applied as a cell suspension containing
single cells or as a cluster of cells and deposited by
any methods described above to produce cell microarrays.
| If a large surface area is desired, the particle may
be at least partially porous. For porous particles,
reactions to perform a physical, chemical, biochemical,
enzymatic or immunoassay may be carried out both on the
surface of the particle and in the interior of the
particle. Porous particles may have diffusion properties
controlled by their porosity and permeability to exclude
unwanted or interfering molecules from diffusion into the
interior. Porous particles may also have diffusion

properties to entrap active agents such as enzymes,

- antibodies, DNA, cells or reagents from diffusing out and

thereby entrapping or immobilizing them into the
interior. Accordingly, the particle may be at least
partially porous or has a porous capsule to allow the
passage of desired analytés into the interior of the
particle.

The particle may have a particle size in the range
from about 0.1 micron to about 500 microns, or from about
1 micron to about 10 microns. Each particle may comprise
at least one active agent that is attached to, or
incorporated within, the particle structure that is
capable of spécific binding with at least one target
analyte. In one embodiment, the particle comprises a
single type of active agent. In another embodiment, the
particle may comprise at least two active agents, each

agent may independently from each other be a chemical
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agent <or -a bibéctive agent. The at least ‘two active
agents can be provided with a known binding site number
ratio. :

The active égent that may be attached to the
particles may be an organic compound or an inorganic

compound. The organic active agent may  include, but is

not limited to peptides, proteins, nucleic acids,
metabolites, carbohydrates, enzymes, antibodies,
hormones, = lectines, drugs, pesticides, allergens,

antigens, reéeptors,'fatty acids or mixtures thereof.

The protein may be a naturally occurring protein or
a synthetically synthesized protein. The protein may be
obtained from cellular extracts or from random or
directed digests of proteinaceous cellular extracts.

The nucleic acid may be naturally occurring or
synthetically synthesized. The nucleic acid may be single
stranded or double stranded or contain portions of both
double stranded or single stranded sequence. The nucleic
acid may be DNA, both genomic and cDNA, RNA or a hybrid.

The active agents may be modified through
conventional chemical, physical and Dbiochemical means
prior to attachment on the particles. |

The active agents may either be synthesized directly
on the particles, or they may be made and then attached
after synthesis. In one embodiment, linkers aré employed
to attach the active agents'to the particles, to provide
better attachment, improve interaction with the target
molecule due to the increased flexibility, and to reduce
undesirable or non-specific binding. The attachment of
the active agent onto the particle may be dependent on
chemical interéctions selected from the group consisting
of  electrostatic interaction, ionic - bonds, covalent
bonds, hydrogen bonds and dipole-dipole interaction.

Prior to attaching of the active agent to the particle,
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the particle may be functionalized with” chemically
reactive groups to facilitate binding.

The partiéles may be placed on a substrate support.b
The substrate material may be selected from synthetic or
naturally occurring polymeric materials, organic
materials, inorganic materials, metals, ceramics,
plastic, rubber, glass, fibrous materials, graphite or
silicon. Exemplary substrates are selected from the

group consisting of silicon, silicon dioxide, silicon

nitride, modified silicon, glass and modified or
functionalized glass, inorganic glasses, plastics,
acrylics, polystyrene and copolymers of styrene,

polypropylene, polyethylene, polybutylene, polyurethanes,
Teflon, polysaccharides, nylon, nitrocellulose, resins,
silica, silica-based materials, carbon and metals. In one
embodiment, the substrate does not auto—fluoresbe.

The target analyte may be organic or inorganic
molecules. The target analyte may be selected from the
group consisting of environmental pollutants (including
pesticides, insecticides, toxins, etc.); a chemical
(including solvents, polymers, organic materials, etc.);
therapeutic molecules (including therapeutic and abused
drugs, antibiotics, etc.) ; biomolecules (including
hormones, cytokines, proteins, nucleic acids, 1lipids,
carbohydrates, enzyme, antibodies, antigens, cellular
membrane antigens and receptors ‘(neural, hormonal,
nutrient, and cell surface xreceptors) or their ligands,
etc); whole cells (including prokaryotic (such as
pathogenic bacteria) and .eukaryotic cells, including
mammalian tumor cells); viruses (including retroviruses,
herpesviruses, adenoviruses, lentiviruses, etc.); and
spores. The target analytes may be nucleic acids and

proteins (including immunoglobulins; enzymes, hormones

-~ -and  cytokines). The specific binding of the target
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ﬁnalyte to” the biocactive agent may be depéndent on
chemical interactions selected from the group cbnéisting
of electroétatic interaction, ionic -« bonds, covalent
bonds, hydrogen bonds and dipole-dipole interactions.

The reagent may be a substance that specifically
detects one target analyte. The reagent may be a mixture

of substances, each substance in the mixture detecting

. one specific target analyte. The reagent may be a

fluorescent labeled binding molecule, an antibody, a
réceptor or an aptamef.

. When the microarray is being used to analyse a
sample potentially containing a target analyte, the
parﬁicles may be tagged with an identifier inclﬁding, but
not limitéd to a fluorescent tag, a bar code, a chemical
identifier, a quantum dot, a microstructure, a nucleic

acid identifier, an engraving and a radio frequency tag.

' The identifier may also be added to the target analyte.

Advantageously, the identifier may be wused to

- enhance - the . identification of -the ~location of the

particles and subsequently the active 'agents on the
particles. '

When the microarray is used to analyse a sample
potentially containing a target analyte, one or more

target analytes may be exchanged against a calibrator.

. The calibrator is a reagent that binds to its

corresponding active agent and provides a known optical
signal strength. Advantageously, this signal strength can
be used for normalization to determine the quantitative
concentrations of analytes in’a sample.

The identifier may exhibit a change when the active
agent binds to the target analyte. This change may be

viewed optibally under an imaging apparatus or

" colorimetric apparatus. In one embodiment, the identifier

may be applied after the sample containing the target
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analytes have- bound to the active agents of “the
particles. | |

The identifier may be conjugated on the target
analyte which in turn binds to the corresponding active
agent on the particle. The identifier may be directly "
conjugated to the target analyte or'indirectly conjugated
to the target analyte by means of a linker molecule or a
detector antibody or a secondary antibody.

In an embodiment where the identifier is a
fluorescent tag, the fluorescent tag may be a mixture of
repbrter dYes. The variation of the composition of the
mixture of reporter dyes may change the output dptical
signal intensity, providing a large possible range of
unigue optical signatures.

The optical signature may be detected with a
detector, such as an optical detector. The optical
detector may send a signal to the computer memory'which
is then accessed by a cémputer processor for generating
an image file. Data associated with the image file such
as the position and type of particle which exhibits the
opticai'signature is then compared with the data obtained
after each  particle batch deposition, i.e. the
encoding/decoding data table, to identify the identity or
the batch of the particle. Those particles which exhibit
the optical signature are those which have bound with the
target analyte. As the active agent for the subpopulation
of the particles is known from the encoding/decoding data
table, it is possible to identify the target analytes in
the sample.

The disclosed method may enable particle arrays with
high multiplexing capabilities to be produced.
Advantageously, multiplex microarrays can be produced
with a single particle deposition step with particles

that do not carry a physical identifier or tag.
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The particle- array made according to the disclosed

’ process may be used for amnalytical purposes. Here, a

sample is brought into contact with the particle array.
When the sample contains a target analyte that binds

to the active agent on the particles, a signal would be

génerated as a result of this binding. For example, the

active agent may be an antibody and the target analyte
may be an antigen that binds to the antibody active
agent. The antigen may be tagged with a fluorescent tag
such that a fluorescent signal is generated wupon
antibodY—antigen binding. The analyte may be directly .
labeled by a chemical reaction with the fluorophore or by
using a second fluorescent labeled detector antibody.

Assays for different analytes may have different
accuracy, precision and robustness. This fact arises from
intrinsic differences in the antibodies or other binding
molecules, such as different aﬁtibody quality, binding ;
‘cdnstants, binding kinetics and impurities. In practice,
the assay with less robustness and/or precision would be
chosen for the largest particle number and the most
robust assay would be chosen for the smallest particle
number.

The disclosed method may provide an alternative
method to fabricate particle microarray device for
analysis and quantification of biological, chemical or
physical parameters.

Further, there is provided a microarray system for
identifying the presence of one or more target analytes in
a sample comprising: a micro-array comprising a substrate
having a plurality of chemically or biologically active
particles that are lockingly engaged with the substrate; a
memory recording the 1location of each particle, said
location of each particle having been determined by

imaging of the substrate; a detector to detect changes in
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the particles upon -cdntact with the sample;, and a
processor responsive to program instructions to

interrogate the memory and to compare data received from

the detector to identify the presence of the one or more

target analytes in the sample based on the location of
each particle.

The image of the location of the particle may be
recorded in the encoding/decoding data table in the memory
of a computer. The image can therefore be readily accessed
by the prbcessor acting under instructions of a computer
program to decode the microarray by determining 'the
position of the particle and the particle number ratio of
the batch and the applied reagent.

In another'embodiment of the present invention, the
particle number ratio concept is applied to the binding
sites of different analytes on the same particle batch.

For example, for 3 target analytes Al, A2, and A3,
two particle batches Bl and B2 are prepared and the number
of binding sites present on the particles is known. This
number is then used to generate a known binding site
number ratio. For example, the B1 particle batch may carry
the binding sites for target analytes Al and A2 in a
binding site number ratio of 11/3 respectively, whereas
the B2 particle batch may carry the binding sites for
target analytes A2 and A3 in a binding site number rgtio
ofv11/3 respectively.

In the above example, a detected signal intensity
ratio of 3/11 for particle batches B1/B2 would indicate
that only target analyte A2 is present in the sample.
Conversely, if a signal is detected only in particle batch
Bl, this would indicate that only analyte Al is present in
the sample, whilst a detected signal only in particle
batch B2 would indicate that.only analyte A3 is present in

the sample. The above method provides an additional way to
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reduée the number of béaﬁ batches. Advantageously., both
number ratio methods may be combined to provide a multi

dimensional encoding method.

Computer Network

The method and system of an embodiment of the
invention may be implemented using a computer system
800, schematically shown in Figure 3. At least part
of the embodiment may be implemented as software, such
as a computer program being executed within the
computer system 800, and instructing the computer
system 800 to conduct the method of the example
embodiment. |

The computer system 800 may comprise a'computer
module 802, input modules.such as a keyboard 804 and
mouse 806 and a plurality of_butput devices such as a
display 808, and printer 810.

The computer module 802 may be connected to a
computer network 812 via a suitable transceiver device
814, to enable access to e.g. the Internet or other
network .systems such as Local Area Network (LAN) or
Wide Area Network (WAN) .

The computer module 802 in the example may include
a processor 818, a Random Access Memory (RAM) 820 and
a Read Only Memory (ROM) .822. The computer module 802
may also include a number of Input/Output b(I/O)
interfaces, for example I/O interface 824 to the
display 808, and I/O interface 826 to the keyboard
804.

The components of the computer module 802 may
typically communicate 'via an interconnected bus 828
and in a manner known to the pérson skilled iﬁ the

relevant art.
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The application program may typically be supplied,
to the user of the computer éystem 800 encoded on a-
data storage medium such as a CD-ROM or flash memory
carrief and read wutilising a <corresponding data
storage medium drive of a data storage device 830.

The application program may be read and controlled in

_its execution by the processor 818. Intermediate

storage of program data maybe accomplished using RAM

820.

Brief Description of Drawings

Figure 1 is a schematic diagram showing components
of a system according to an embodiment of the present
invention.

Figure 2 is a flow chart showing the steps involved
in a method according to an embodiment of the present
invention for determining the presence of 6ne_ or more .
target analytes in a sample. |

Figure 3 is a schematic diagram showing the
components of a computer system according to an
embodiment of the present invention.

Figures 4A to 4F are images of exemplary microarrays
of the present invention. The upper panels are light
microscopy images whilst the lower panels are fluorescent
microscopy images.

Figures 5 and 6 provide images illustrating the
encoding and decoding method of the present invention.

Figure 7 shows a microarray in Fig A with bead
signal intensities arising from the binding of an analyte
to beads and a histégram in Fig B plotting particle count

versus signal intensity.
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Détailed Descriptidn of Drawings

Figure 1 is a  schematic diagram Showing the
components of a system according to an embodiment of the
present invention, which include a microarray 100
according to an embodiment of the present invention, a
detector 102 for detecting the change in detectable
signal emitted by the particles of the microarray and a
processor 104 for counting the ~number of particles
emitting a change in the detectable signal. |

Figure 2 is a flow chart showing the steps involved

- in a ‘method- according to an embodiment of the present

‘invention for determining the presence of ‘one or more
target analytes in a sample, comprising:

contacting the sample with an -array of particles
having one or more binding sites thereon for binding with
said target analytes present in the sample, the particles
emitting a change in a detectable signal when a target
analyte binds to at least one of the binding sites of a
particle, wherein the particle array comprises at least
two particle subsets, each subset having at least one
binding site to one or more ‘target analytes that. are
unique to that subset and wherein the number of particles
of each subset is known (step 206);

detecting the <change in the detectable signal
emitted by the particles (step 202); and

couhting the number of particles that emit a change
in a detectable signal based on the detected change in
the detectable signal to determine the presence' or
absence of one or more target analytes that are unique to
said particie subsets (step 204).

Figure 3 1is a schematic diagram showing components
of a computer system according to an embodiment of the

present invention.
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In this non-limiting example, the computer system
800 comprises a computer module 802, input modules
such as a keyboard 804 and mouse 806 and a plurality
of output devices such as a display 808, and printer
810.

The computer module 802 is connected.to a computer
network 812 via a suitable transceiver device 814, to
enable access to e.g. the 1Internet or otheri network
systems such as‘LocaI Area Network (LAN) or Wide Area
Network (WAN).

The computer module 802 includes a processor 818,
a Random Access Memory (RAM) 820 and a Read Only
Memory (ROM). 822. = The computer module 802‘ also
includes a number of Input/Output (I/0) interfaces,
for example I/0 interface 824‘to the display 808, and
I/0 interface 826 to the keyboard 804.

The components of the computer module 802
communicate via an interconnected busg 828 and in a
manher known to the person skiiled in the relevant
art.

The application program is supplied to the user of
the computer system 800 encoded on a data storage
medium such as a CD-ROM or flash memory carrier and
read wutilising a corresponding data storage medium
drive of .a data storage device 830. The application
program is read and controlled in its execution by the

processor 818. Intermediate storage of program data

is accomplished using RAM 820.

Figures 4A to 4F are images of exemplary
microarrays of the present invention when used ‘to
detect the presence of one or more target analytes in
a sample. The upper panels are light microscopy images
whilst the lower panels are fluorescent (FITC) microscopy

images.
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Figure 4A 1is an'image;of a microarray which has
been incubated with a sample which only‘ contains
target analyte A. | -

Figure 4B is an image of a microarray which has
beeh incubated with a sample which only contains
target analyte B. '

Figure 4C 1is an image of a microarray which has
been incubated with . a sample which only contains
target analyte C.

Figure 4D is an image of a microarray which has
been incubated with a sample which contains target
analytes A and B.

‘Figure 4E is an image of a microarray which has
been incubated with é sample which contains target
analytes A and C.

Figure 4F is an image of a microarray which has
been incubated with a sample. which contains target
analytes B and C.

Figure 5 shows an example of the encoding method of
the present invention as well as the following decoding
method. In this example only one batch comprising three
sub-batches is used. However, it is possible to use more

than three sub-batches (1 to n). After the sub-batches

"have been mixed together they are deposited and bound on

the surface of material that is to become the microarray.
The particles of the sub-batches are mixed together in
different amounts to result in a specific particle number
ratio. For example, sub-batch 1 comprises 1000 particles,
sub-batch 2 comprises 400 particlés and sub-batch 3

comprises 100 particles resulting in a bead ratio of

'10/4/1. After deposition, the microarray is contacted

with a test sample which is suspected to comprise one or
more target analytes which can specifically bind to a

respective sub-batch. After contacting and incubating the
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‘mictoirray with the test sample for a timé sufficient to
allew_binding of the target analytes to the particles an
image is taken to determine which particle geneiates a.
signal due to binding to its target analyte.

In case 1000 signals are measured‘ it can be
concluded that the target analyte binding to sub-batch 1
was comprised in the test sample. In case 100 signals are
measured only the target analyte binding to the third
sub-batch was comprised in the test sample. In case all
particles generate a signal it is clear that all 3 target
analytes were present in the test sample.

It is noted that in this example in which only one
batch is used the imaging step is not‘necessary to later
decode which target analyte was comprised in a test
sample. In this example, the particle number ratio alone
is sufficient to determine whether  target analyte
specific for sub-batch 1, 2 or 3 was present in the test
sample.

Figure 6 also shows an encoding and decoding method
of the present invention. Compared to the example shown
in Figure 5, the example shown in Figure 1 ﬁses not only
one batch but several batches. To assign a signal to a
specific target analyte that boundinot only knowledge of
the particle number ratio is necessary but also knowledge
of the position of the particles of each batch.
Accordingly, after deposition of ‘each batch images are
taken to determine the spatial position of each particle
of one batch at the surface of the microarray.

Figure 7A shows a microarray which was formed by a
batch formed of 4 sub-batches with predefined and known
bead number ratios of 1 : 2 : 4 : 8 without employing any
physical ~tags or labels on ‘beads. After analyte
incubation any means can be employed to generate a signal

from beads that have bound its respective analyte. The
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signal “intensities generated by ,beads aré presented as
arrows With different 1length according to the signal
intensities. As illustrated in Fig 7A, four sub-bead
batches are present of which one is not generating a
signal and three genefating a signal of different
intensity indicated by the arrows. The differences 1in
intensity are caused eithexr because different analyte
concentrations were present in the sample or different
sub-batches have a different sensitivity and the same
analyte éoncéntration was present or mixtures thereof.
Figure 7B is showing a histogram of the microarray of
Fig\ire 7A plotting particle count or number versus signal
intensity. By using such. a plot or analyzing particle‘
numbers and signal intensities all beads of all sub-
batches can be identified on the microarray. Figure 7B
shows a plurality of beads with a relative particle
number of 8 (compared to other pluralities) having a
signal intensity close to or =zero (0); enabling the
identification of this sub-batch and its correlated
analyte and concluding no analyte was present as the
signal intensity is zefo. Three (3) sub-batch populations
are visible in the histogram with increasing signal
intensities and a relative particle count of 1 : 4 : 2
respectively. As signals are observed in these three
populations the analyte was present in the sample. The
quantification of the analyte is possible by performing a
calibration; e.g. by measuring several standards of the
analyte and correlate the signal intensity to the analyte
concentration. As it can be seen from the disclosed
Figure 7, the decoding can be performed by analyzing
relative signal intensities and determining the
respective bead numbers without knowing the énalyte
concentrations. In this way a qualitative analysis of the

presents or absence (yes or No) of the analytes can be
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. performed. " To determine’ gquantitative analyte

concentrations a calibration can be performed. Methods
for measuring gquantitative analyte concentrations are

known in the art.

Examples
Non-limiting examples of the invention and a comparative
example will be further described in- greater detail by
reference to  specific Examples, which should not be
construed as in any way 1limiting the scope of the

invention.

Example 1 - Combination method 1 (Single deposition and

single reagent incubation

This example demonstrates the use of 5 sub-batches
of different bead ratio to encode 5 different beads (or
target analytes) with 'a single bead deposition and
reagent incubation.

In a first step, Batch “M” is formed by mixing sub-

batches of different bead ratios as shown below in Table

2.

Batch Bead Total beads { Beads in sub-batches
Ratios deposited ’

M 16/8/4/2/1| 31000 16000/8_000/4000/2000/1000

Table 2 - Bead number ratios used for combination method 1

Next, batch M was deposited onto a substrate in a
single deposition step to form a microarray. The
microarray was then incubated with the sample. Next, the
microarray was incubated with reagent “R”. The microarray
was then imaged and the bead signals were analysed. As
each of the 5 analytes is associated with a specific bead
number ratio, the identity of the analytes which are
present in’the sample could be determined from the totél

bead signal strength. For example, if a total bead signal
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équivalent to 3000 beadslis obtained, this indicates that
the analytes associated with bead number ratios 1 and 2
are present in the sample (since 3000 = 1000 + 2000). All
SYdifferent target analytes could thus be decoded using

the above method.

Example 1-1: Proof of Concept Experiment

Three kinds of microbeads coated respectively with
anti-PSA antibody (bead batch A), anti-hCG antibody‘(bead
batch B) and oligonucleotide probe (bead batch C) were
mixed together. Three different batches of beads to
detect target analytes A, B and C are prepared with a
bead number of 2575 beads/microliter, 1900
beads/microliter and 2300 beads/microliter for A, B and C
‘respectively. The batches are then mixed using equal
volumes with no dilution for A, a 3.7x dilution for B and
a 22.3x dilution for C resulting in a relative bead ratio
of 2575: 515 : 103 or 100:20:4 for A : B : C.

The beads are then randomly deposited on a
microarray substrate based on gel pads. Sample solutions

which contained (1) only PSA (i.e. only_target analyte

A); (2) only hCG (i.e. only target analyte B); (3) only
target oligonucleotide (i.e. only target analyte C); (4)
both PSA and hCG (i.e. target analytes A and B); (5) both

PSA and target oligonucleotide (i.e. target analytes A
and C); (6) both hCG and target oligonucleotide (i.e.
target analytes B and C) are applied and incubated for 1
hour followed by ‘washing with PBS. The fluorescence
labeled (FITC) detection antibodies were applied onto the
array and incubate for 1 hour followed by washing of
unbound antibody conjugate with PBS buffer. The arrays
were imaged using a fluorescence microscope. The number

of all microbeads and fluorescent microbeads was then
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counted ,and the ratic of total beads to detected Bedd

(beads binding the analyte) is calculated.

The results are illustrated in Figures 4A to 4F and

"the quantitative data 1is presented in the following

table.
Analyte(s) | No. of | Total Actual % | Expected % accuracy
Detected | no. of | of beads | theoretical
beads beads detected | %
A 181 231 78.4 80.6 97.2
B 39 225 17.3 16.1 ) 94 .2%
C 9 336 2.7 3.2 84.4%
A and B 247 267 92.5 96.8 95.5
A and C 185 219 ] 84 .5 83.9 99.2%
B and C 40 241 16.7 19.4 86.1%

Table 3 - Results of proof of concept experiment

The results show a - close_ correlétion between the
theoretical expected number of beads to be detected for
each target analyte and the actuélb number of Dbeads
detected, thereby illustrating the workability of the
method. | 7

Hence, this example clearly demonstrates that a
microarray comprising particles without a physical tag
can be succesgfully decoded by means of a single
deposition of particles, the use of a single reagent aﬁd
different bead ratios associated with each target

analyte.
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Example 2 - Combinaticn Method 2 (Multiplé depositions

and single reagent incubation)

This example demonstrates the use of 3 batches, each
containing sub-batches of different bead number ratios to
encode 15 different beads (or target analytes) using
multiple bead depositions and a single reagent
incubatioh.

In a first step, batcheval, M2 and M3 were formed
by mixing sub-batches of different bead humber ratios as

shown below in Tabie 4,

Batch Ratio Total beads | Beads in sub-batches
deposited :

M1 16/8/4/2/1 | 31000 16000/8000/4000/2000/1000

M2 16/8/4/2/1 | 31000 16000/8000/4000/2000/1000

M3 16/8/4/2/1 | 31000 16000/8000/4000/2000/1000

Table 4 - Bead number ratios used in combination method 2

Next, Dbatches Ml, M2 and M3 were seqguentially

deposited onto the substrate. After each Dbatch was

- deposited, the substrate was imaged. After the microarray

was completely fabricated, the microarray was incubated
with the sample. Next, the microarray was incubated with
reagent “R”. The microarray was then imaged and the bead
signals were analysed.

The spatial location of each batch was determined by
comparison of the three images obtained earlier during
the microarray_fabrication process. Hence, the identity
of each batch could be determined. The identity of each
target analyte (sub-batch) within each batch was then
decoded by using the specific bead number ratios
associated with each target analyte.

Using the above method, 'all 15 different target

analytes could be decoded.
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This example demcnst rates that a micrparray
comprising particles without a physical tag can be
successfully decoded by means of multipie depositions of
particles with images made after each deposition, the use
of a single feagent and different bead ratios associéted

with each target analyte.

Example 3 - Combination Method 3 (Single deposition of a

super batch and multiple reagent incubations)

This exaﬁple demonstrates the use of a super batch
containing 3 batches, each of which contains 5 sub-
batches of different bead number ratios to encode 15
different beads (or target analytes) using a single
deposition step and multiple reagent incubatioﬁs. |

In a first step, a super batch was formed by mixing
batches M1, M2 and M3. Each batch contained sub-batches

of.different bead ratios as shown below in Table 5.

Batch Ratio Total beads | Beads in sub-batches

' deposited
M1 16/8/4/2/1 (31000 16000/8000/4000/2000/1000
M2 16/8/4/2/1 (31000 16000/8000/4000/2000/1000
M3 16/8/4/2/1 31000 16000/8000/4000/2000/1000"

Table 5 - Bead number ratios used in combination method 3

Next, the super batch was deposited onto a substrate
in a single deposition step to fabricate the microarray.
The completed microarray was then imaged. Hénce, there is
no separate imaging after each batch wés_deposited. Next,
the microarray was incubated with the sample.

After this, the microarray was incubated with'
reagent “R1” which contains all the reagents necessary
for detecting all the sub-batches within batch M1l. The
bead signals were then analysed‘and the target analytes 
within batch M1l were identified based on the specific

bead number ratio associated with each target analyte.
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Thé microarray was therd iricubated with reagent’§R2”
which contains all the reagents necessary for détecting
all the sub-batches within batch M2. The bead signals
were then analysed as before in order to identify the
different‘analytes within batch M2.

Finally, the microarray was incubated with reagent
“R3” which contains all the reagents necessary for
detecting all thé sub-batches within batch M3. The bead
signals were then analysed as before in order to identify
the different target analytes within batch M3.

Using the above method, all 15 différent target
analytes could be decoded.

This example . demonstrates that a microarray
comprising particles without a physical tag can be
successfully decoded by means_'of single deposition of
particles, the use of a multiple reagents sequentially
applied and different bead ratios associated with each

target analyte.

Example 4 - Combination Method 4 (Multiple depositions

and multiple reagent incubations)

This ekample demonstrates the use of 3 batches, each
containing sub-batches with the same bead number ratios
to encode 15 different beads (or analytes) using multiple
bead depositions and multiple reagent incubations.

| In a first step, batches M1, M2 and M3 were formed
by mixing sub-batches with the same bead number ratios,

as shown below in Table 6.

Batch Ratio Total Beads in sub-batches
beads (A/B/C/D/E)
deposited _
M1 1/1/1/1/1 | 50000 1000/1000/1000/1000/1000
M2 -l1/1/1/1/1|50000 1000/1000/1000/1000/1000
M3 1/1/1/1/1 | 50000 1000/1000/1000/1000/1000

Table 6 - Bead number ratios in combination method 4
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Next, Dbatches M1, - M2 and M3  were sequentially

deposited - onto the substrate. After each batch was

- deposited, the substrate was imaged. After the microarray

was completely fabricated, the microarray was incubated
with the Sample.

Next, the microarray was incubated with reagent>“R—
a” which contains all the reagents necessary for
detecting sub—batch.A of batches M1, M2 and M3. The bead
signals were then analysed and the identities of the
different analytes (sub-batches) was determined based on
the known spatial locations of each batch. |

The microarray was then‘incubated with reagent “R-b”

which contains all the reagents necessary for detecting

sub-batch B of batches M1, M2 and M3. The bead signals

were then analysed and the identities of the different
analytes (sub-batches) was determined based on the known
spatial locations of each batch.

The above process was repeated another three times
using reagents “R-c”, “R-d” and “R-e”, each of which are

specific for sub-batches C, D and E respectively of

 batches M1, M2 and M3.

In this fashion, all 15 diffgrent analytes could be
decoded. |

‘This example demonstrates that a ‘microarray
comprising particles without a physical tag can be
successfully decoded by means of single deposition of
particles, the use of multiple reagents sequentially
applied and different bead ratios associated with each

target analyte.

Example 5 - Multiple Panel Microarray

This example demonstrates the use of the method of

the present‘ disclosure for encoding and decoding a
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‘microarray containing, 3 differeént "analyte panels, for

example, a cancer panel, a cytokine panel and an
infectious disease panel. Each panel is able to detect 7.
different analytes. The cytokine panel for example is

able to detect INFgamma, TNFalpha, GMCSF, ILlalpha,

ILlbeta, IL2 and IL4.

Using combination method 4 as described in Example
4, 7 Dbatches, each containing 3 'sﬁb—batcheé (one from
each .panel) with the same bead number ratio, were
sequentially deposited on the substrate. Images of the.
substrate were taken after each batch was deposited.

Table 7 below shows the bead number ratios'of'each
batéh_used. Sﬁb—batch A (shown in bold) in all 7 batches
(M1 to M7) 1is specific for the cytokine panel. The
particular analytes associatedr with each sub-batch is

also indicated.

Batch |Bead Total beads |Beads in sub-batches (A/B/C)
Ratios deposited

M1 1/1/1 3000 1000 (INFgamma)/1000/1000

M2 1/1/1 3000 1000 (TNFalpha)/1000/1000

M3 1/1/1 3000 ' 1000 (GMCSF)/1000/1000

M4 1/1/1 3000 1000 (ILlalpha)/1000/1000

M5 1/1/1 3000 1000 (ILlbeta)/1000/1000

M6 1/1/1 3000 1000 (IL2)/1000/1000

M7 1/1/1 3000 1000 (IL4)/1000/1000

“analytes of ?he, cytokine panel, the Vmicrgarrayr'isr

Table 7 - Bead number ratios used in multiple panel array

To use the multi panel microarray, the microarray is
first incubated with the sample of interest. Next, the

end-user selects the panel he/she is interested in. Each

‘panel 1is specific for a different reagent set. For

example, reagent set “R-a” contains the reagents
necessary'for analyzing the cytokine panel. Thus, if the

user wishes to analyse the sample for the 7 cytokine

'incubated with reagent set “YR-a” and then the bead
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signals are analysed. The identitfes of each of the 7
cytokine analytes can then be determined based on the
known spatial locations of each sub-batch.

If the wuser subsequently wishes to analyse the

sample for the cancer panel, he/she could then incubate

‘the microarray with the reagent set specific for the

cancer panel and decode the 7 cancer analytes based on
the spatial locations of each sub-batcﬁ. Hence, by using
the described method, a multiple panel microarray capable
of analyzing 21 different analytes can be produced with
only 7 sequential deposition steps. In addition, such a
multiple panel microarray allows the end-user the
flexibility of choosing which panel he/she wishes to
analyse by simply incubating the microarray with the
appropriate reagent set. | | ' |

There is no real limitation to the number of panels
.that .could be included on a substrate. Hence, the
disclosed method can be used to produce a generic chip
encdding' hundreds of panels with thousands of analytes

using only a small number of manufacturing steps.

Example 6 - Pooling method for reducing number of
deposition steps needed to manufacture microarray

The following demonstrates a non limiting example of
the combinatory encoding method of the present invention
using a pooling approach in order to reduce the number of
deposition steps necessary for manufacturing a microarray
of the present invention.

In table 8 shown below, 104 sub-batches, each
specific for a different target analyte (i.e. there are
104 target analytes in this example) are encoded by using

only 13 batches.
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103 1 ‘ . 3
104 - 3
- Table 8 - Example of Pooling Strategy

The 104 sub-batches are wmixed into 13 Dbatches
according to table 6, wherein the numbers indicate the
relative bead ratios. For example, sub-batch number 1 is

present in batches nos. 1 and 6 with a relative bead

ratio of 1. Sub-batch 41 is present in batch No. 1 with a

bead ratio of 2 and present in batch no. 6 with a ratio

"of 1 and so on. By using a combination of sub-batches in

different batches with different relative‘bead ratios all
104 sub-batches are encoded in 13 batches. An image is
made after each batch 1is sequentially deposited on the
substrate. The microarray created using this method is
then used in the following fashion.

The microarray is first incubated with the sample.

~ After this, the microarray is incubated with a single

reagent which allows detection of all of the target
analytes. ‘An image of the beads emitting an optical
signal can then be captured. | '

Next, the batch from which a bead originates can be
determined by cOmpafing the images made during the
deposition process as described in the preceding
combination methods. _

The user can then identify the specific.sub—batch
and therefore target analytes present, based on the
principle that each and every bead batch is present in
exactly 2 different pools in the present example. So if
sub-batch no. 1 (i.e. target analyte no. 1) is present in
the sample, an optical signal will be obtained for both
batch nos. 1 and 6. Also, if for instance a signal is.
only obtained in batch 1 but no signal is obtained for
batch no. 6, it follows that bead batch no. 1 cannot be

preéent in the sample.
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To furtier illustrate how the pogling method works,
suppose for instance that an optical signal is only
obtained‘for batch nos. 1 and 6. In this case, any one of
the following three scenarios could apply:
(a) The optical signal originates from both sub-
batch nos. 1 and 41.

(b) The optical signal originates from only sub-
batch no. 1.

(c) The optical signal originates from only sub-
batch no. 41.

In order to determine which scenario is correct, the
different bead ratios are used. In batch no. 1, sub-batch
no. 1 has a.bead number ratio of 1 whereas sub-batch no. -
44 has a bead number ratio of 2. Hence, if for example a
total bead signal of 3 is obtained, it would indicate
that scenario (a) is correct. Conversely, if a total bead
signal of 2 is obﬁained, this would indicate that
scenario (c) is correct.

Accordingly, a unique combination of signals will be

obtained depending on the target analytes present and the

“identities of the target analytes present can be

_determined unambiguously as described above.

This example 1is for illustration only and is a non
iimiting éxample - any other combination of batches and
ratios is possible to decode a smaller or much larger
number of sub-batches (ahd’therefbre‘a smaller or much
larger number of target analytes). The present invention
using a pooling approach solves the prdblem of reducing

the manufacturing time of bead microarrays which rely on

sequential bead deposition; Instead of depositing 104

bead batches sequentially, only 13 bead pooled batches
are depoéited which include the bead identity
information. This leads to a dramatic reduction in

manufacturing time and cost.
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Guidelines for developing layout table for pooling

The following non-limiting example provides rules and
guidelines on how to design a pooling strategy for the
combinatory encoding method of the current in?ention. In
the following, “B” means the batch number (columns), ‘SB”
means the sub-batch number (rows), ‘F” means the factor
normalized to 1 (one) for the bead ratio in different
pools. The term (SB:B) with “SB” and “B” as integer
numbers refers to a specified position in the pooling
table. For example, (5:2) refers to sub-batch No. 5. and
batch No. 2

A non limiting example of a pooling table is shown in
Table 8. The guidelines for generating such a table are
as follows.

1. At any given position in the pooling table a bead

sub-batch may or may not be present.

2. If a bead sub-batch is present, the sub-batch can
have any given bead ratio dictated-by the factor
“F” (e.g. beads per volume) compared to other sub-
batches in the pooling table. The bead ratio can be
any number, integer or non-integer. '

3. “n” indicates the frequency at which a bead sub-
batch is present in a batch. For example, a bead
sub-batch with n=5 1is present in every 5" patch,
whilst a bead sub-batch with n=1 means that the

bead sub-batch is present in every batch.

4. In order to eventually be éble to distinguish two
sub-batches from each other, the factors “F” from
both batches: must not be equal throughout all
positions “B”. For example, for bead sub-batches 7
and 38 in Table 6, there must be at least one value
“F” for either (7:B) ork(38:B) wherein “F”. for the

same batch number is different, i.e. there must be
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at least on€ batch where “F” is different betwe®n
bead sub-batches 7 and 38.

5. To improve the robustness of the encoding/decoding,
a larger number of different “F” values can be.
used. There is no theoretical limit for the number
of positions at which “E is different.
Accordingly, for a given number of sub-batches and
batches, - an infinite number of different
combinations can potentially exist, because “F” at
all positions . (SB:B) could have any value. Hence,
there is a potentially infinite number  of
combinations related to an infinite 'numbér of -
solutions for a given combinatory encoding problem.
That said, in a preferred pooling strategy, all of
the batches would have a similar‘number of total
beads and differences in the Factor “F” between
positions (SB:B) in the pooling table would be kept
low so as to minimize the number of beads required,
but yet large enough to distinguish different
ratios.

By applying the above rules a large number bf sub-
batches can be encoded by using a small number of
batches, thereby reducing the number of deposition steps
required. By using fewer batches for a given number of
sub-batches, a larger number of different bead ratios are
required for encoding. Conversely, when more batches are
used, a fewer number of bead ratios is required.

A preferred pooling strategy would employ a limited
number of bead ratios, for example, but not limited to,
the ratios of 1:2:4:8 with an “F” factor of at least two
(2) between different sub-batches to clearly distinguish
between those different sub-batches. The maximum bead

ratio difference in this non-limiting example is eight
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(8) which avoids extfeme differences of bead numbers in
different sub-batches. |

A batch could also contain no beads of a particular
sub—batch resulting in a ratio of 0:1:2:4:8. Although
using no beads can reduce the number of beads required,
the drawback is that it reduces the potential number of
combinations that can be encoded. For example, 1if only
two vbatches were used, although 32 (2"5) different
combinations could exist, because the combination of . zero
beads in both batches does not provide analytical
information, there  is only a total of 31 useful
combinations.

In this example, a clear and simple decoding of a
sample. containing only one analyte 1is possible. For
sampleé'with more than one analyte, the total number of
beads in both batches must be different to an extent that
the bead ratios can be‘determined. For samples with more
than one analyte a larger number of batches are preferred
so as to create Iarger differences in the total number of
‘beads in different batches and 1less combinations that
lead to similar bead numbers or numbers close to each

other.

Applications

Advantageously, the metth of the present disclosure
provides an improved method for making bead microarrays
that do not require a physical identifier or tag on
beads. More advantageously, such bead microarrays with
multiplexing capability can be fabricated with a single
bead deposition step greatly reducing time and cost of
manufacturing.

The method of the present disclosure may also be

combined with state-of-the art microarray‘ methods to
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substantially improve “the performance of ‘such known

- methods.

It will be apparent that various other modifications

-~and adaptations of the invention will be apparent to the

pérson skilled in the art after reading the foregoing
disblosure without departing from the spirit and scope of
the invention and it is intended that all such
modifications and adaptations come within the scope of

the éppended claims.
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" Claims

A method of encoding a microarray, wherein the
method comprises: _
a) depositing at least one batch of particles on a
substrate to form a microarray, wherein each batéh
of particles comprises at least two sub-batches of
particles and wherein in case more than one batch of
particles is deposited each batch of particles is
deposited separately and an image 1is taken of each
batch of particles on the microcarray after
dgposition to identify the position of the particles
of each batch on the microarray, wherein
(1) in case only one batch of partiéles is
deposited the number éf particles of;each sub-
- batch is unique to that sub-batch of particles
resulting in a unique partiéle number ratio for
" the one batch; or '
(ii) in case at least two batches of particles
are deposited the particle number ratio £for
each batch is either the same or different from
each other;
wherein each sub-batch of‘particles deposited on the
substrate that forms the microarray is capable of
binding .to aAspécific.targetéanalyte, wherein each
sub-batch of a batch binds to a different target-

analyte compared to all other sub-batches of the

respective batch; and

b) recording information about the . position of
particles of the batch(es) and information of the
particle number ratio for the batch(es) obtained
under a) for each microarray produced according to

this method;
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wherein”thé position of the particles and the particle
number ratio within a batch allows determining . which
target analyte is present in a test sample to be analyzed
with the microarray or in case only one batch 1is
deposited the particle‘nﬁmber ratio of the batch allows
- determining which target analyte is present in a test

sample to be analeed with the microarray.

2. A method of decoding a microarray obtained via a
method referred to in claim 1, wherein the method
comprises: _ }

a. analyzing an image obtained from an entity which
conducted a screening test using a microarray as
referred to in claim 1; wherein énalyzing of the
image comprises:

(1) determining the position and number or intensity
of detectable'signals obtained from binding of
the target analyte to a particle deposited oﬁ
the microarray; and ‘

(ii) decoding the information obtained under (i) by
comparing the information obtained under (i)
with the information recorded in step b) of
claim 1 to identify the target analyte bound to

the particles of the microarray.

3. A microarray for detecting the presence of one or
more target analytes 1in a samplé, the microarray
comprising:

an array of particles having one or more binding sites
thereon for binding with said one or more target analytes
present in the sample, wherein the particle array
comprises at least two particle subsets, each subset

having at least one binding site to one or more target

analytes that are unique to that subset and wherein the - - -

number of particles of each subset is known and the known
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number of parﬁicles,of each subset is used to genérate a
ratio value of particle subsets to detect the presence of

two or more target analytes in the sample.

4. The microarray according to claim 3, wherein the

ratio value is between 100/1 and 1/1.

5. The microarray according to claim 4, wherein

the ratioc value is between 11/1 and 1/1.

6. The microarray according to any one of claims 3

to 5, wherein the ratio value is a prime number.

7. The microarray according to any one of claims 3
to 6, wherein the known number of particles of each

subset is unique to that subset.

8. The microarray according to any one of claims 3
to 7, wherein each particle emits a change in a
detectable signal when a target analyte binds to at least

_oné of the binding sites of the particle.

9. The microarray according to claim 8, wherein
the change in the detectable signal of said particles is

an optical signal.

10. The microarray according to any one of claims 3
'to’9, wherein the binding sites of the particles of one

subset bind to only one target analyte.
1. The microarray according to any one of claims 3

to 10, wherein the particles are selected from the group

consisting ‘of microbeads and biological entities.
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'12. The microarray a¢cording' to c¢laim 11, wherein the
microbeads have a shape selected from the group
consisting of microsphere, microcapsule, microrod,

‘microcube and microtube.

13. The microarray according to any one of claims 11 to
12, wherein the wicrobeads are formed of a material
selected from the group consisting of plastic, ceramic,
glass, ‘metal, a metal oxide," silicon dioxide,
polystyrene, methylstyrene, acrylic polymer, sepharose,
cellulose, nylon, cross-linked micelles, Teflon,
paramagnetic material, thoria sol, carbon 'graphite,
titanium dioxide, latex, a cross-linked dextran, and
compositions used in peptide, nucleic bacid. and organic
moiety synthesis or mixtures thereof such as a metal

filled polymer particle.

14. The microarray according to claim 11 wherein the
biological entities are selected from the group

consisting of a cell, a bactexium, or a virus particle.

15. The microarray according to any of claims 3 to 14,
wherein the particles are of a size of 0.1 to 500 um, or

0.1 to 200 gm, or 0.1 um to 100 um, or 1 to 100 um, or 1

to 10 pum.

16. The microarray according to any one of claims 3 to
15, wherein each particle comprises.one or more active

agents capable of binding with one or more target

“analytes.

17. The microarray according to claim .16, wherein the
number of binding sites of the one or more active agents

on each particle is known and is used to generate a ratio
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value of binding sites tq indicate the presence of two or

more target analytes.

18. The microarray according to claim 16, wherein the
particles compriée at least two actiQe agents that are
capable of detecting at least £wo target analytes and
wherein the number of binding sites of the active agents
on eachvparticle is known and is used to geﬁerate a ratio
value of binding sites to indicate the presence of two or

more target analytes in the sample.

19. The microarray according to any one of claims 16 to
-18, wherein the active agent is a chemical or bioactive

agent.

20. The microarray according to claim 19, wherein the
active agent is selected from the group consiéting of
peptides, proteins, bvnucleic acids, metabolites,
carbohydrates, enzymes, antibodies, hormones, lectines,

drugs, pesticides, allergens, antigens, receptors, fatty

acids, oligopeptides,  small orgahic molecules,

coordination complexes, aptamers, cells, cell fragments,
virus particles, polysaccharides, polynucleotides, lipids

and mixtures thereof.

21. The wmicroarray according to any one of claims 3 to

20, wherein the particles are tagged with an identifier.

22. The microarray according to claim 21, wherein said
identifier is selected from the group consisting of a
fluorescent tag, a bar code, a chemical identifier, a
quantum dot, a microstructure, a nucleic acid identifier,

an engraving and a radio frequency tag.
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'23. A system for determining the presence of one or more
target'analytes in a sample, the system comprising:

a microarray having an array of particles having one
or more binding sites thereon for binding with said one
br more target analytes present in the sample, wherein
the partiéle array comprises at least two particle
subsets, each subset having at least one binding site to-
one or more target analytes that are unique to that
subset and wherein the numbef of particles of each subset
is known and the known number of particles of each subset
is used to génerate a ratio value of particle subsets to
indicate the presence of two or more target analytes in
the sample;

a detector configured in use to detect the change in the
detectable signal emitted by the particles;

a processor configured in use ﬁo count the number of
particles that emit a change in a detectable signal based’
on the detected change in the detectable signal to
determine the presence or absence of one or more target

analytes that are unique to said particle subsets.

24. The system of claim 23, further comprising:

an imager configured in use to image the microarray;

a memory configured in wuse to record the Ilocation of
each particle based on the images obtained from
thefimager; and | |
whérein said processor is configured in wuse to
interrogate the memory and compare the recorded
location of each  particle with the data
received from the detector to identify the presence

or absence of one or more target analytes that are

unique to said particle subsets.
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25. The system of any one of claims 23 to 24, wherein
each particle emits a change in a detectable signal when
a target analyte binds to at least one of the binding

sites of the particle.

26. The system according to any one of claims 23 to 25,
wherein the change in the detectable signal of said

particles is an optical signal.

27. The system of any one of claims 23 to 26, .wherein

the detector is an optical detector.

28. The system according to any one of claims 23 to 27,

wherein the ratio value is between 100/1 and 1/1.

29. The system according to claim 28, wherein the ratio

value is between 11/1 and 1/1.

30. The system according to any one of claims 23 to 29,

wherein the ratio value is a prime number.

31. The system of any one of claims 23 to 30, wherein
the known number of particles of each subset is uniqﬁe to

that subset.

‘32. The system according to any one of claims 23 to 31,
- wherein the binding sites of the particles of one subset

bind to only one target analyte.
33. The system according to any one of claims 23 to 32,

wherein each particle comprises one or more active agents

capable of binding with one or more target analytes.
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34. " The system accordin§ to claim 33, wherein the number
of binding sites of the one or more active agents on each
particle is known and is used to generate a ratio value
of binding sites to indicate the presence of two or more

target analytes.

35. The system according to <claim 33, wherein the
particles comprise at least two active agents that are-
capable of detecting at least two target analytes and
wherein the number of binding sites of - the active agents
on each particle is known and is used to generate a ratio
value of binding sites to indicate the presence of two or

more target analytes in the sample.

36. A method of manufacturing a microarray comprising
the steps of: |

i) providing at least two subsets of particles
having one or more binding sites thereon for binding with
one or mbre target analytes present in a'sample,

ii) preparing a mixture of at least two subsets of
particles wherein the number of particles of each subset
is known and the known number of particles of each subset
is used to generate a ratio value of particle subsets to
indicate the presence of two or more target analytes in a
sample,

iii) depositing the mixture of particle subsets onto

a substrate,to form a microarray.
37. The method according to claim 36, further comprising

the step of imaging the substrate having the particles

deposited thereon.
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. 38. The method according to claim 36 or 37, further
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comprising sequentially repeating the steps recited in

claims 36 and 37.

39. The method according to any one of claims 1, 36 to
38, wherein the ratio value or particle number ratio is

between 100/1 and 1/1.

40. The method according to claim 39, wherein the ratio

value or particle number ratio is between 11/1 and 1/1.

41. The method according to any one of claims 1, 36 to
40, wherein the ratio value or particle number ratio is a

prime number.

42. The method according to any one of claims 1, 36 to
41, wherein the known number of particles of each subset

is unique to that subset.

43, The method according to any one of claims 36 to 42,
wherein the binding sites of the particles of one subset

bind to only one target analyte.

44. The method according to any one of claims 1, 36 to
43, wherein each pdrticle comprises one or more active
agents capable of binding with one or more target

analytes.

45. The method according to claim 44, wherein the number
of binding sites of the one or more active agents on each
parﬁicle is known and is used to geherate a ratio value
or particle number ratio of binding sites to indicate the

presence of two or more target analytes.
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46. The "method according to claim 44, wherein the
particles comprise at least two active agents that are
capable of detecting at least two target analytes and the
nﬁmber of active agént binding sites on each particle is
known and is used to generate a ratio value or particle
number ratio to indicate the presence of two or more

target analytes in a sample.

47. The method according to any one of claims 1, 35 to
46, wherein the substrate is selected from the group
consisting of polymeric materials, ofganic materials,
inorganic materials, metals, ceramics, plastic, zrubber,
glass, fibrous materials, graphite -or silicon, silicon
dioxide, .silicon nitride, modified .silicon, ~ glass,
modified or functionalized glass, inorganic glass,
élastics, acrylics, polystyrene, copolymers of styrene,
polypropylene, polyethylene, polybutylene, polyurethane;
Teflon, polysaccharide, nylon, nitrocellulose, resins,

silica, silica-based materials and carbon.

48. A method for determining the presence of one or more
target aﬁalytes in a'sample, the method comprising the
steps of:

contacting the sample with an array of particles having
one or more binding sites thereon for binding with said
one or more target analytes present in the sample, the
particles‘emitting a change in a detectable signal when a
target analyte binds to at least one of the binding sites
of the particle, wherein the particle array comprises at
least two particle subsets, each subset having at least
one binding site to one or.more target analytes that are
unique to that subset and wherein the number of particles

of each subset is known;
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detecting the=change in the detectable'signal emitted by
thé particles; and |

counting the numbervof particles that emit a change in a°
detectable signal based on the detected change in the
detectable signal to detefmine the presence or absence of
one or more target analytes that are unique to. said

particle subsets.

49. The method according to. claim 48, furthér compfising
the stepé of:

detecting the magnitude of the change in the detectable
signal emitted by the particles; and ’

determining the number of binding sites that have bound
to a target analyte based on the change in detectable
signal to determine the presence or absence of one or
more target analytes that are unique to said particle

subsets.

50. The method according to any one of claims 48 to 49,
further comprising the steps of:

imaging the microarray;

recording the location of each particle based on the
images obtained; and '

comparing the detected change in the detectable signal
with the recorded location of each particle to identify
the presence or absence of one or more target analytes

that are unigue to said particle subsets.

51. The'method according to any one of claims 48 to 50,
furthef comprising the step of: ‘
contacting the particles with a reagent to identify the
presence or absence of one or more target analytes that

are unique to said particle subsets on the basis that the
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particle subsets emit a change in detectable signal~only

when contacted with that particular reagent.

52. The method according to claim 651, wherein the
reagent is a fluorescently labeled binding molecule, or

‘an antibody, or a receptor, or an aptamer.

53. The method according to any one of claims 48 to 52,

wherein the detectable signal is an optical signal.

54. The method according to any one of claims 48 to 53,
wherein the target analyte is an inorganic or organic

molecule.

55. The method according to claim 54,vwherein the target
analyte 1is selected from the group consisting of an
environmental pollutant, a chemical, a biomolecule, a

whole cell, a bacteria, a virus and a spore.

56. The method according to «c¢laim 55, wherein the
environmental pollutant is selected from the group

consisting of pesticides, insecticides and toxins.

57. The method according to claim 55, wherein the
chemical is selected from the group consisting of

solvents, polmers and organic materials.

58. The method according to c¢laim 55, wherein the
biomolecule is selected from the group consisting of
hormones, cytokines, proteins, nucleic acids, 1lipids,
allergens, carbohydrates, enzymes, antibodies, antigens,
cellular membrane antigens and receptors or their

ligands.
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"59. The method according  to claim 55, wherein the whole

cell is selected from the group consisting of eukaryotic'
cells, prokaryotic cells, mammalian cells, tumour cells,
blood cells, epithelial cells, nerve cells and muscle

cells.
60. The method aécording to claim 55, wherein the virus
is' selected from the group consisting of retroviruses,

herpesviruses, adenoviruses and lentiviruses.

61. The method according to any one of claims 48 to 60,

wherein an identifier is added to the target analyte.

62. The method according to c¢laim 61, wherein said

~identifier is selected from the group consisting of a

- fluorescent tag, a bar code, a chemical identifier, a

gquantum dot, a microstructure, a nucleic acid identifier,

an engraving and a radio frequency tag.

63. The method according to any one of claims 48 to 62,
wherein the identifier is directly conjugated to the
target analyte or indirectly conjugated to the target

analyte by means of a linker molecule.
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