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METHOD AND COMPOSITION FOR QUANTIFYING
PROTEIN USING TAGGED STANDARDS

Cross-Reference to Priority Application

This application is based upon and claims the benefit under 35 U.S.C. § 119(e)
of U.S. Provisional Patent Application Serial No. 63/122,467, filed December 7, 2020,

which is incorporated herein by reference in its entirety for all purposes.

Introduction

Proteins present in samples ("sample proteins") can be resolved from one
another by electrophoresis in a polyacrylamide gel, optionally followed by blotting to a
solid support to enable more specific and sensitive detection. A set of size markers is
typically loaded into one of the wells of the gel and electrophoresed along with sample
proteins loaded into other wells of the gel. The set of size markers typically contains a
mixture of proteins of different molecular weights, which serve as molecular weight
standards against which the molecular weights of the sample proteins are calculated.
The size markers only provide molecular weight information to the user, which has

been a laboratory convention for decades.

Summary
The present disclosure provides methods and reference compositions for

quantifying protein using tagged standards. In an exemplary method, a reference
composition and a protein may be electrophoresed in respective lanes of a gel. The
reference composition may include quantitation standards of different size each
including a tag present at a different concentration. The quantitation standards and the
protein may be transferred from the gel to a solid support to create a blot.
Luminescence may be detected from the blot to obtain respective luminescence
values separately representing an abundance of the tag of each quantitation standard
and an abundance of the protein. A quantity of the protein may be determined using

the respective luminescence values.

Brief Description of the Drawings

Figure 1 is a cutaway side view of a vessel holding an exemplary reference

composition including a set of tagged quantitation standards for quantifying sample
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proteins on protein blots and a set of labeled size markers for sizing sample proteins
on the protein blots.

Figure 2 is a block diagram of an exemplary tagged protein of a quantitation
standard for the reference composition of Figure 1, where the tagged protein has a
peptide tag genetically incorporated into a polypeptide of the tagged protein.

Figure 3 is a block diagram of another exemplary tagged protein of a
quantitation standard for the reference composition of Figure 1, where the tagged
protein is the same as that of Figure 2 except that the tagged protein has multiple
copies of the peptide tag of Figure 2 genetically incorporated into the polypeptide.

Figure 4 is a block diagram of another exemplary tagged protein of a
quantitation standard for the reference composition of Figure 1, where the tagged
protein has the peptide tag of Figure 2 genetically incorporated into a different
polypeptide of substantially the same size as in Figure 2.

Figure 5 is a block diagram of yet another exemplary tagged protein of a
quantitation standard for the reference composition of Figure 1, where the tagged
protein includes a tag that has been attached to the polypeptide of Figure 2 (without
its tag) after synthesis and isolation of the polypeptide.

Figure 6 is a block diagram of an exemplary labeled protein for the reference
composition of Figure 1, where the labeled protein has a label covalently attached to
the polypeptide of Figure 2 (without the peptide tag).

Figure 7 is a block diagram of an exemplary tagged, labeled protein for the
reference composition of Figure 1, where the tagged, labeled protein has the label of
Figure 6 attached to the polypeptide of Figure 2, with the peptide tag included.

Figure 8 is a pair of log-log bar graphs plotting, for the reference composition
of Figure 1, exemplary relative amounts of a tag incorporated into each of the
quantitation standards (panel A) and exemplary amounts of a label incorporated into
each of the size markers (panel B).

Figure 9 shows two lanes of a gel in which a reference composition and a
sample protein have been electrophoresed (panel A), and a blot produced by
transferring the reference composition and sample protein from the gel to a solid
support (panels B and C), with absorption of light illustrated in panels A and B and
luminescence illustrated in panel C.

Figure 10 is a flowchart illustrating exemplary steps that may be performed in a

method of quantifying a protein using tagged quantitation standards.
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Figure 11 is a log-log bar graph plotting exemplary relative amounts of a tag
incorporated into a set of tagged quantitation standards, where the largest and
smallest amounts of the tag differ by a factor of more than 105,

Figure 12 is a pair of log-log bar graphs plotting, for another exemplary
reference composition, relative amounts of a tag present in a set of tagged quantitation
standards (panel A) and relative amounts of a label incorporated into a set of labeled
size markers (panel B), where only a subset of the labeled size markers correspond
in size to one of tagged quantitation standards.

Figure 13 is a pair of log-log bar graphs plotting, for still another exemplary
reference composition, relative amounts of a tag present in a set of tagged quantitation
standards (panel A) and relative amounts of a label incorporated into a set of labeled
size markers (panel B), where only a subset of the tagged quantitation standards
correspond in size to one of the labeled size markers.

Figure 14 is a pair of log-log bar graphs plotting, for yet another exemplary
reference composition, relative amounts of a tag present in a set of tagged quantitation
standards (panel A) and relative amounts of a label incorporated into a set of labeled
size markers (panel B), where the sizes of the labeled size markers and the tagged
quantitation standards do not correspond to one another.

Figure 15 is a graph plotting chemiluminescence that may be detected from a
blot at a set of quantitation standards each including a tag, to produce a sigmoidal
standard curve, where the largest and smallest concentrations of the tag differ by a
factor of more than 10°, and where a linear range of the standard curve is demarcated
by dashed vertical lines.

Figure 16 is a graph plotting chemiluminescence that may be detected from the
blot of Figure 15 at the set of quantitation standards over different time periods (i.e.,
1, 10, 100, and 1000 seconds), to produce a series of standard curves having linear

ranges that are offset from one another but still overlapping.

Detailed Description
The present disclosure provides methods and reference compositions for

quantifying protein using tagged standards. In an exemplary method, a reference
composition and a protein may be electrophoresed in respective lanes of a gel. The
reference composition may include quantitation standards of different size each

including a tag present at a different concentration. The quantitation standards and the
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protein may be transferred from the gel to a solid support to create a blot.
Luminescence may be detected from the blot to obtain respective luminescence
values separately representing an abundance of the tag of each quantitation standard
and an abundance of the protein. A quantity of the protein may be determined using
the respective luminescence values.

An exemplary reference composition for protein quantification is provided. The
reference composition may comprise a set of size markers configured to be resolved
from one another by electrophoresis in a gel to form a ladder representing a series of
molecular weights. Each size marker may include a chromophoric or fluorescent label.
The composition may include three or more quantitation standards each having a tag.
The tags of the three or more quantitation standards may be present at predetermined
concentrations defining a concentration range of at least 100-fold.

Total protein present in each sample is often measured in a separate assay
prior to gel electrophoresis. For example, a Bradford assay may be performed on
samples in order to ascertain the total protein concentration of each sample. The
volume of each sample to be loaded into a well of a gel then may be selected such
that the same total amount of protein is electrophoresed in each sample lane of the
gel. However, this process adds an extra step and is often skipped because it takes
time and effort and consumes sample. In contrast, the methods and compositions of
the present disclosure enable quantification of sample proteins after they have been
electrophoresed in the gel.

Rather than performing Bradford assays, absolute protein quantities in gel and
blot assays may be measured by including a series of protein dilutions of known
concentration, with which a standard curve can be generated. The standard curve
allows a sample protein concentration to be calculated, such as by interpolation or
extrapolation. However, this approach generally requires a separate lane of the gel for
each protein dilution, which reduces the number of actual samples the user can
analyze using the gel. In contrast, the methods and compositions of the present
disclosure provide a mixture of tagged quantitation standards of different
concentrations for loading in a single lane of a gel. Each of the tagged quantitation
standards has a known, calibrated amount of a tag present, the calibrated amounts
can be used as the basis for a standard quantitation curve against which the amount
of a sample protein is calculated. The tagged quantitation standards can be detected

using the same luminescence reagent bound to each of the quantitation standards via



10

15

20

25

30

WO 2022/125555 PCT/US2021/062221
5

the tag thereof. Moreover, the single lane of the gel also can provide molecular weight
information using the known molecular weights of the tagged quantitation standards
and/or of labeled size markers also present in the lane.

Chemiluminescent reactions decay over time and western blot imaging is
typically performed using a single static image. Both of these considerations limit the
quantitative value and dynamic range of western blotting results. The present
disclosure, in some embodiments, may provide a calibrated set of quantitation
standards for use in combination with non-destructive read (NDR) or high dynamic
range (HDR) sensors to provide a more sophisticated level of quantitation in western
blotting.

Further aspects of the present disclosure are described in the following
sections: (l) definitions, (Il) reference compositions for protein quantification, (lll)
methods of quantifying proteins using tagged standards, (IV) examples, and (V)

selected aspects.

. Definitions

Technical terms used in this disclosure have meanings that are commonly
recognized by those skilled in the art. However, the following terms may be further
defined as follows.

Blot — a solid support including substances, such as proteins, immobilized
regionally thereon. The solid support may be described as a planar immobilizing
medium or a sheet (i.e., a membrane). The solid support may have any suitable
composition such as nitrocellulose, nylon, or polyvinylidene difluoride (PVDF), among
others. Used as a verb, the term blot means to transfer or otherwise associate
substances with a solid support, such as a membrane.

Label — a molecular structure or a molecule attached (covalently or non-
covalently) or otherwise incorporated into a substance, such as a protein, to aid in the
detection and/or identification of the substance. A label may be optically detectable
directly, or may be detectable indirectly via a luminescence reagent(s). A label that is
detectable directly through interaction of the label with light, such as through light
absorption or fluorescence, is called an optical label. Exemplary optical labels that may
be suitable include photoluminophores (e.g., fluorescent labels) and chromophores
(i.e., chromophoric labels, such as light-absorbing, colored dyes, which may be

substantially non-fluorescent).
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Light — electromagnetic radiation including ultraviolet light, visible light, and/or
infrared light. Light interchangeably is called optical radiation.

Luminescence — emission of light from any form of matter, not resulting from

heat (i.e., excluding incandescence). Exemplary forms of luminescence that may be
suitable for the present disclosure include photoluminescence (e.g., fluorescence) or
chemiluminescence. Photoluminescence is light emission from any form of matter in
response to the absorption of photons (i.e., photoexcitation). Chemiluminescence is
the emission of light from any form of matter resulting from a chemical reaction.
Excitation, in chemiluminescence, is caused by a chemical reaction and involves the
oxidation of an organic compound, such as luminol, isoluminol, luciferin, or an
acridinium ester. The oxidation is performed by an oxidant (e.g., hydrogen peroxide,
hypochlorite, oxygen, etc.). The excited product formed in the oxidation reaction emits
light. The chemical reaction occurs in the presence of a catalyst, which may be an
enzyme (e.g., alkaline phosphatase (ALP) or horseradish peroxidase (HRP), among
others), a metal ion or metal complex, or the like. The chemical reaction may be
performed in the presence of an enhancer (e.g., a modified phenol, aromatic amine,
naphthol, benzothiazole, etc.) to produce enhanced chemiluminescence.

Tag— alabel, particularly a label including (i) a binding site for a specific binding
partner (e.g., an antibody) and/or (ii) a photoluminophore (e.g., a fluorophore).
Exemplary tags include peptide tags, epitope tags, fluorescent tags, etc. Peptide tags
include a peptide sequence that is incorporated into a polypeptide genetically, such
that the peptide sequence is expressed with the polypeptide. Epitope tags are
molecular structures (moieties/sequences) that provide a specific binding site for an
antibody, typically a high-affinity antibody. Epitope tags may be peptide tags. Other
exemplary tags, such as biotin or fluorescent tags, may be covalently attached to a
polypeptide by chemical reaction after the polypeptide has been expressed and

isolated.

Il. Reference Compositions for Protein Quantification

This section provides an overview of reference compositions comprising tagged
quantitation standards; see Figures 1-9.

Figure 1 shows an exemplary reference composition 50 contained in a vessel
52. As depicted schematically in the box to the right of vessel 52, reference

composition 50 includes a set of tagged quantitation standards 54 for quantifying
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sample proteins on protein blots. Optionally, reference composition 50 also includes a
set of labeled size markers 56 for sizing sample proteins (and/or quantitation
standards 54) on the protein blots. The reference composition may be liquid, such as
aqueous, or solid (e.g., lyophilized for reconstitution with liquid by a user), among
others.

The set of quantitation standards 54 and/or the set of size markers 56 may have
any suitable properties. Any suitable number of quantitation standards 54 and/or size
markers 56 may be present in reference composition 50, such as at least one, two,
three, four, or five, among others, for each set independently. Each quantitation
standard 54 and/or each size marker 56 has a different, predetermined molecular
weight that allows the quantitation standard 54 or size marker 56 to be resolved
electrophoretically, in a gel, from each other quantitation standard 54 and/or size
marker 56 in the set of quantitation standards 54 and/or the set of size markers 56.
Each quantitation standard 54 or size marker 56 may be composed of copies of only
one type of molecule or may be a mix of two or more types of molecules of similar
molecular weight.

Figure 2 shows an exemplary tagged protein 58 of a quantitation standard 54
for reference composition 50 of Figure 1. Tagged protein 58 includes a polypeptide 60
and a tag 62 covalently bonded to one another. In the depicted embodiment, tag 62
includes a peptide tag 64 genetically attached to polypeptide 60, such that both
polypeptide 60 and peptide tag 64 contribute to the same backbone of tagged protein
58. In other words, polypeptide 60 and peptide tag 64 may be translated from the same
messenger RNA to produce a hybrid amino acid sequence 66 including both
polypeptide 60 and peptide tag 64.

Peptide tag 64 may have any suitable characteristics and location. The peptide
tag may contain a sequence of at least three, four, or five amino acids, and/or less
than about twenty, fifteen, or ten amino acids, among others. A copy of the peptide tag
may be positioned at either end (or both ends) of polypeptide 60, internally along
polypeptide 60, intermediate the ends thereof, or a combination thereof. The tagged
protein may have any suitable number of copies of peptide tag 64 per molecule, such
as only one, as depicted in Figure 2, or an average of at least two, three, four, five,
ten, or more copies per molecule of the tagged protein. For example, Figure 3 shows
a tagged protein 68 having two copies of peptide tag 64 arranged in tandem at the C-

terminus of polypeptide 60 to produce a hybrid amino acid sequence 70. In other
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examples, any suitable number of copies of peptide tag 64 may be separated from
one another along polypeptide 60.

A given quantitation standard 54 may be a mixture of two or more different
molecules of similar, but not identical, size. The use of such a mixture allows each
quantitation standard to form a band of distinctive thickness when electrophoresed in
a gel, to facilitate identification of the quantitation standard and distinguishing it from
other quantitation standards. For example, Figure 4 shows a tagged protein 72 that
may form a quantitation standard in combination with tagged protein 58 of Figure 2
and/or tagged protein 68 of Figure 3. Tagged protein 72 may have the same sequence
of peptide tag 64 attached to a polypeptide 74 to form a hybrid amino acid sequence
76 that is shorter than hybrid amino acid sequence 66 of tagged protein 58.
Polypeptide 74 may have substantial sequence identity with polypeptide 60, such as
being a deleted form thereof, or may be substantially unrelated in sequence.

Figure 5 shows another exemplary tagged protein 78 of a quantitation standard
54 for reference composition 50 of Figure 1. Tagged protein 78, like tagged protein 58
of Figure 2, has a tag 62 attached to polypeptide 60 of Figure 2. However, tag 62 of
tagged protein 78 is a post-translational tag 80, which may be added to polypeptide
60 by chemical reaction after synthesis of the polypeptide. Post-translational tag 80
may be a fluorescent tag or an epitope tag, among others.

Quantitation standards 54, and particularly tag 62 thereof, may be present at a
series of predetermined concentrations (and thus amounts) in reference composition
50. The concentrations differ from one another and may be known relative to one
another, and, optionallyy, may be defined as absolute concentrations. The
concentrations may define any suitable range, as the difference (ratio) between the
highest and lowest amounts of the quantitation standards (and/or tags thereof), such
as a range of at least 10-, 50-, 100-, 200-, 500-, or 1000-fold. The concentrations may
be distributed generally uniformly through the range, such as including at least one or
at least two quantitation standards falling within each decade (power of ten) of the
range. To create the different amounts of a tag 62 in a set of quantitation standards
54, the average number of tag copies present per molecule in each quantitation
standard 54 and/or the number of molecules of the quantitation standard may vary
among the different quantitation standards 54 of the set.

Figure 6 shows an exemplary labeled protein 82 of a size marker 56 for

reference composition 50 of Figure 1. Labeled protein 82 has a label 84 covalently
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attached to polypeptide 60 of Figure 2, but lacks peptide tag 64. Label 84 may be an
optical label, such as a fluorescent label or a chromophoric label, among others.
Labeled protein 82 (and/or a size marker 56 including the labeled protein) may
correspond in size to tagged protein 58 of Figure 2 (and/or a quantitation standard 54
including the tagged protein), which means that the labeled protein (and/or size
marker) and the tagged protein (and/or quantitation standard) migrate at similar
velocities during electrophoresis and are less than about 5%, 10%, or 15% different in
molecular weight. A size correspondence between one, two, three, or more
quantitation markers 54 and the same number of size markers 56 allows the position
and/or identity of quantitation markers 54 to be determined based on those of size
markers 56.

Figure 7 shows an exemplary tagged, labeled protein 86 of a quantitation
standard 54 and/or a size marker 56 for reference composition 50 of Figure 1. Tagged,
labeled protein 86 has a peptide tag 64 genetically attached to polypeptide 60 of Figure
2 and a label 84 covalently attached to polypeptide 60, such as post-translationally. A
quantitation standard 54 may be composed of tagged, labeled protein 86 alone or may
be composed of a mixture of tagged, labeled protein 86 and another tagged protein of
similar size, such as tagged protein 58 of Figure 2. Similarly, a size marker 56 may be
composed of tagged, labeled protein 86 alone or may be composed of tagged, labeled
protein 86 and another labeled protein of similar size, such as labeled protein 82 of
Figure 6.

Reference composition 50 may have any suitable properties. Each quantitation
standard 54 may include the same, structurally identical tag 62, and/or at least each
may include a respective tag 62 that is specifically bound by the same specific binding
partner. Each of size markers 56, if present in the reference composition, may include
a respective label 84 that is chromophoric, or each may include a respective label that
is fluorescent. However, in some cases, each size marker 56 may not include the same
structurally identical label. For example, size markers 56 may have two or more
different chromophoric labels with spectrally different light absorption properties, such
that the size markers are labeled using two or more different colors, to facilitate
distinguishing and identifying individual size markers of the set.

Size markers 56, and/or a label(s) 84 thereof, may be present at concentrations
(and thus amounts) defining a much smaller range than tag 62 of the reference

composition. This range of label amount is calculated after correction for differences,
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if any, in the molar attenuation coefficient (i.e., the light absorptivity) or fluorescence
of structurally different labels 84, if any, included in the different size markers 56 of the
set of size markers. The range defined by the highest and lowest amounts may be
less than 10-fold, to ensure that all of the size markers are visible/detectable at the
same time.

Figure 8 shows a pair of log-log bar graphs plotting exemplary relative amounts
of a tag 62 and a label 84 for reference composition 50 of Figure 1 (also see Figures
2-7). Relative amounts 88a-88f of tag 62 incorporated into each tagged quantitation
standard 54 of different molecular weight is shown in panel A. The amounts of tag 62
define a concentration range of greater than 1000-fold. Relative amounts 90a-90f of
label 84 incorporated into each labeled size marker 56 of different molecular weight is
shown in panel B. The amounts of label 84 define a concentration range of only about
5-fold in this illustrative embodiment.

The molecular weights of quantitation standards 54 substantially correspond to
those of size markers 56 in the example of Figure 8. Accordingly, the visible/detectable
position of each size marker 56 along a lane of a gel or blot allows a user to infer the
position of a corresponding quantitation marker 54 of similar molecular weight. In other
examples, only a subset (or none) of the quantitation standards 54 substantially
correspond in size to size markers 56, and/or vice versa (see Examples 2-4 of Section
V.

The concentration order in which the amount of tag 62 decreases among
quantitation standards 54 may or may not match a molecular weight order (largest to
smallest, or smallest to largest) of the quantitation standards. For example, in Figure
8, the concentration order does not match the molecular weight order. The
concentration order from smallest to largest is 88a, 88e, 88b, 88d, 88f, and 88c,
respectively, while the molecular weight order for smallest to largest is 88f-88a,
respectively.

Figure 9 illustrates use of the exemplary reference composition 50 of Figure 8
in gel electrophoresis, blotting, sizing, and quantifying, where label 84 of size markers
56 is a chromophoric label. Panel A shows an absorption image of a gel 92 having
only two lanes, a reference lane 94 and a sample lane 96, extending from
corresponding wells. The exemplary reference composition 50 of Figure 8 has been
resolved by electrophoresis in reference lane 94 into a ladder of light-absorbing, size

marker bands 98a-98f respectively representing label amounts 90a-90f of size
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markers 56. A protein-containing sample has been electrophoresed in sample lane 96
of gel 92 adjacent the reference composition to resolve sample proteins of the sample
by size. A sample protein 100 of interest is indicated with a dashed line in panel A
because sample protein 100 is not labeled and thus not visible. In other embodiments,
label 84 may be a fluorescent label(s) and the ladder of size markers may be visible
in a fluorescence image of gel 92 instead of an absorption image.

Panel B of Figure 9 shows an absorption image of a blot 102 generated by
transferring size markers 56 of reference lane 94 and sample proteins of sample lane
96 from gel 92 to a solid support 104. Size marker bands 98a-98f are now visible in a
reference lane 106 of blot 102. As in panel A, sample protein 100 of interest is not
visible in sample lane 108 of blot 102.

Panel C of Figure 9 shows a luminescence image of blot 102 captured after
contacting the blot with a luminescence reagent(s). The luminescence reagent(s) may
be configured to facilitate production of photoluminescence (in response to
photoexcitation of blot 102) or chemiluminescence representing tagged quantitation
standards 54 in reference lane 106 and sample protein 100 in sample lane 108.
Accordingly, the luminescence image may be a photoluminescence image or a
chemiluminescence image.

Luminescence bands 109a-109f respectively represent quantitation standards
54 of decreasing molecular weight, with the luminescence levels detected indicated
by the thickness of each band. The different luminescence levels of luminescence
bands 109a-109f respectively correlate with the different tag amounts 88a-88f present
in quantitation standards 54 of different molecular weight (compare Figure 8, panel A,
and reference lane 106 of Figure 9, panel C). The lowest tag amounts 88a and 88e of
Figure 8, panel A, are not detectable in the luminescence image of Figure 9, panel C,
as indicated by dashed lines at 109a and 109e, but may become detectable with a
longer exposure (also see Example 5 of Section V).

Luminescence band 110 represents sample protein 100 in sample lane 108 of
blot 102 in panel C of Figure 9. The luminescence level of luminescence band 110 can
be compared with luminescence levels of luminescence bands 109a-109f representing
quantitation standards 54, to determine a quantity of sample protein 100 present in the
sample.

Further aspects of reference compositions and their use are described below

in Sections IlI-V.
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1l. Methods of Quantifying Proteins Using Tagged Standards

This section provides an overview of exemplary methods of protein
quantification using tagged quantitation standards; see Figure 10.

Figure 10 is a flowchart illustrating exemplary steps that may be performed in a
method 120 of quantifying a protein using luminescence values representing tagged
quantitation standards. The steps may be performed in any suitable order and
combination and may be modified and supplemented as described elsewhere in the
present disclosure.

A reference composition and a sample may be loaded into a gel, indicated at
122. Each may be loaded into a separate well of the gel. The reference composition
may have any suitable combination of the properties described in Section Il and/or
elsewhere in the present disclosure. For example, the reference composition may
include two, three, or more quantitation standards each including an identical tag. The
concentration of the tag in the reference may vary among the quantitation standards
by any suitable order of magnitude (base 10), such as at least one, two, three, four, or
five orders of magnitude, among others. The sample includes a sample protein (of
interest) and optionally contains a mixture of at least 2, 5, 10, 50, 100, 500, or 1000
different proteins including the sample protein of interest. Additional samples also may
be loaded into the gel, with each sample including the sample protein.

The gel may be configured to resolve proteins by size (i.e., molecular weight).
Accordingly, the gel may be a polyacrylamide gel, optionally containing a denaturing
agent, such as sodium dodecyl sulfate, although other types of gels may be used
instead.

The sample protein may have any suitable properties. In some cases, the
sample protein may be a proxy for total protein in each sample. For example, the
sample protein may be a housekeeping protein that is present at a substantially
constant percentage of total protein in different samples. In other cases, the sample
protein may have a varying expression level among different samples. For example,
in contrast to a housekeeping protein, the expression level of the sample protein may
be dependent on the state, identity, origin, health, signaling activity, and/or the like, of
the cells from which each sample is prepared.

The quantitation standards of the reference composition and a sample protein
of the sample may be electrophoresed in the gel, indicated at 124. The reference

composition and the sample protein may be electrophoresed in separate lanes of the
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gel, with the quantitation standards being resolved from one another in one lane and
the sample protein optionally being resolved from one or more other proteins of the
sample in another lane. Electrophoresis may be performed while the gel is vertical
although other gel orientations, such as horizontal, may be suitable in some cases.

The quantitation standards and the sample protein may be transferred to a solid
support to create a blot, indicated at 126. Transfer, also termed blotting, may be
performed by application of an electrical potential orthogonal to the gel, to drive
proteins from the gel to the solid support. The transfer moves molecules of each
quantitation standard and molecules of the sample protein to the solid support, where
the molecules may bind to or chemically react with the solid support to become
immobilized thereon.

An image of the gel or blot may be captured to detect labeled (e.g., prestained)
size markers, if any, in a reference lane of the gel or blot. The image may be an
absorption image of the gel/blot if the size markers are labeled with a chromophoric
label(s) (e.g., see Figure 8) or a fluorescence image if the size markers are labeled
with a fluorescent label(s). The image may be used to facilitate later sizing and/or
identification of luminescence bands representing quantitation standards and the
sample protein, by comparing the positions of size marker bands in the image with
those of quantitation standard bands in the same image or one or more other images
(see below).

The blot may be contacted with one or more luminescence reagents, indicated
at 128. A luminescence reagent, as used herein, is a photoluminescent substance, a
reactant for a light-emitting chemical reaction, a catalyst for the light-emitting reaction,
an enhancer for the light-emitting reaction, or a specific binding partner that connects
the photoluminescent substance or the catalyst to one or more proteins of the blot.
Exemplary approaches to performing step 128 are described below for
photoluminescence and chemiluminescence.

In one photoluminescence approach, quantitation standards 54 in the reference
composition 50 each include a photoluminescent tag before electrophoresis. Only the
sample protein on the blot needs to be connected to a photoluminescent label.
Accordingly, the blot may be contacted with a specific binding partner, such as an
antibody, for the sample protein. The specific binding partner may have a
photoluminescent label that becomes localized at the sample protein on the blot when

the specific binding partner binds to the sample protein, or the photoluminescent label
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may be connected the sample protein using two or more different specific binding
partners arranged in series.

In another photoluminescence approach, one or more (or each) of quantitation
standards 54 has a substantially non-photoluminescent tag. Each quantitation
standard 54 having the non-photoluminescent tag may be associated with a
photoluminescent label by contacting the blot with a tag-specific binding partner for
the non-photoluminescent tag of each quantitation standard 54, where the tag-specific
binding partner is conjugated to, or otherwise attached or attachable to, a
photoluminescent label. The sample protein may be associated with a
photoluminescent label using another specific binding partner as described in the
preceding paragraph.

In a chemiluminescence approach, the blot is contacted with a set of
chemiluminescence reagents. The chemiluminescence reagents include a tag-specific
binding partner for the tag present in each quantitation standard. The tag-specific (first)
binding partner is configured to connect a catalyst for a light-emitting chemical reaction
to the tag. The catalyst may, for example, be an enzyme, such as horseradish
peroxidase or alkaline phosphatase. The catalyst may be conjugated to the tag-
specific binding protein or connected via an intermediary molecule(s), such as a
different specific binding partner. The chemiluminescence reagents also may include
a second specific binding partner for the sample protein. The second specific binding
partner may be conjugated or otherwise connected to a catalyst (such as via an
intermediary molecule(s)). The same catalyst (e.g., horseradish peroxidase) may be
used to catalyze the same light-emitting chemical reaction in the reference lane and
the sample lane(s) of the blot. The chemiluminescence reagents further may include
reactants for the light-emitting chemical reaction (e.g., an oxidizing agent, such as
hydrogen peroxide, and a reducing agent, such as luminol).

In a mixed photoluminescence/chemiluminescence approach, the blot is
contacted with a suitable combination of the photo- and chemi- luminescence reagents
described above. These luminescence reagents may be configured to connect (i) a
photoluminescent label to the tag of each quantitation standard and a
chemiluminescence catalyst to the sample protein, (ii) a chemiluminescence catalyst
to the sample protein (if the quantitation standards already include a photoluminescent
tag), or (iii) a chemiluminescence catalyst to each quantitation standard and a

photoluminescent label to the sample protein.
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Luminescence may be generated, indicated at 130. The luminescence may be
generated from areas of the blot at which the quantitation standards and the sample
protein are immobilized. The luminescence may be photoluminescence,
chemiluminescence, or both. Generating luminescence may include irradiating the blot
with excitation light to induce photoluminescence, or incubating the blot at a suitable
temperature for the catalyst to catalyze the light-emitting chemical reaction.

Luminescence may be detected from the blot to obtain luminescence values for
the quantitation standards and the sample protein, indicated at 132. The luminescence
values may include a set of luminescence values each representing an amount of
luminescence detected from an area of the blot at which a different one of the
quantitation standards is immobilized or from the area of the blot at which the sample
protein is immobilized. The amount of luminescence may be detected using any type
of sensor, such as an image sensor that captures a luminescence image(s) of the blot,
namely a photoluminescence image, a chemiluminescence image, or a mixed
photoluminescence/chemiluminescence image (according to the type of tag and
luminescence reagents used, as described above). The sensor may be a high dynamic
range sensor (having a dynamic range of at 102, 103, or 10% among others) or a non-
destructive read sensor, among others. In either case, each luminescence value may
represent a luminescence signal integrated spatially over an area of the blot and
integrated temporally for a given amount of time, typically the same amount of time for
a given set of luminescence values obtained from a captured image. In some cases,
a series of luminescence images may be captured from the blot, each representing a
different amount of time during which luminescence is detected (e.g., see Example 5
of Section IV).

A quantity of the sample protein may be determined using the luminescence
values of the quantitation standards and the sample protein, indicated at 134. A
luminescence value(s) of the sample protein may be compared with luminescence
values of the quantitation standard. To enable this comparison, a set of luminescence
values for the quantitation standards, representing luminescence detected from the
blot over the same time period, may be used to produce a standard curve. The
luminescence value for the sample protein may be compared with the standard curve
to identify a point along the standard curve matching the luminescence value for the
sample protein. A quantity value associated with the point may be found to determine

the quantity of the sample protein. In some examples, the method may identify/define
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a linear range of the standard curve. Comparing the luminescence value for the
sample protein with the standard curve may include determining whether the point
identified along the standard curve falls within the linear range of the standard curve.
If not, the method may compare one or more other luminescence values for the sample
protein with one or more other standard curves produced using one or more other sets
of luminescence values for the quantitation standards, representing different amounts
of detection time, by using the series of luminescence images described above. One
of the standard curves, if any, in which the point falls within (or within a threshold
distance from) the linear range of the standard curve then may be used to determine
the quantity of the sample protein.

The quantitation standards of the reference composition may be calibrated for
a given sample protein and luminescence reagent(s), before or during performance of
the method, using a known amount of the sample protein. The known amount of the
sample protein and the reference composition may be loaded into a gel,
electrophoresed, transferred to create a blot, contacted with the luminescence
reagent(s), and imaged, as described above, to obtain luminescence values for the
known amount of the sample protein and the quantitation standards. The
luminescence value of the known amount of sample protein may be compared with
the luminescence values for the quantitation standards, such as using a standard
curve as described above, to obtain a conversion factor that correlates each
quantitation standard with a luminescently-equivalent amount of the sample protein.
Stated differently, the conversion factor may be utilized to assign each quantitation
standard a respective amount of the sample protein to which the quantitation standard
has luminescence equivalence in the method.

Any suitable steps of method 120 may be performed using a computer. A
computer-readable medium may store instructions that, when executed by the
computer, cause the computer to perform one or more steps of the method, such as
steps 130, 132, and/or 134.

V. Examples
The section describes further aspects of reference compositions comprising

quantitation standards, and methods of quantifying protein using the reference
compositions. These aspects are presented here for illustration and are not intended

to limit the scope of the present disclosure.
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Example 1. Reference Composition with Broad Range of Quantitation Standards

This example describes a reference composition having quantitation standards
with amounts of the same tag that differ in relative amount by up to five orders of
magnitude (base 10); see Figure 11.

The molecular weights of the quantitation standards are indicated by the
respective positions of bars 140a-140f along the MW (molecular weight) axis. The
relative amount of the tag present in each quantitation standard is indicated by the
length of its corresponding bar and particularly the position along the x-axis of the right
end of the bar.

Example 2. Reference Composition with More Size Markers Than Quantitation
Standards

This example describes a reference composition having a greater number of
labeled size markers than tagged quantitation standards of different molecular weight;
see Figure 12.

The reference composition has six tagged quantitation standards (see panel A)
and ten labeled size markers (see panel B). Each of the six quantitation standards
substantially corresponds in molecular weight to one of the ten size markers. Four of
the size markers do not correspond in molecular weight to any of the six quantitation
standards. A reference composition with a greater number of size markers than
quantitation standards allows the user to more accurately size sample proteins, using
the larger number of size markers.

Example 3. Reference Composition with More Quantitation Standards Than Size
Markers

This example describes a reference composition having a greater number of
tagged quantitation standards than labeled size markers of different molecular weight;
see Figure 13.

The reference composition has nine tagged quantitation standards (see panel
A) and six labeled size markers (see panel B). Each of the six labeled size markers
substantially corresponds in molecular weight to one of the nine tagged quantitation
standards. Three of the tagged quantitation standards do not correspond in molecular
weight to any of the six labeled size markers. A reference composition with a greater
number of quantitation standards than size markers allows the user to more accurately

quantify sample proteins, using the larger number of quantitation standards.
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Example 4. Reference Composition with No Size Overlap

This example describes a reference composition having a set of quantitation
standards and a set of labeled size markers that are significantly different in molecular
weight from one another; see Figure 14.

The reference composition has five tagged quantitation standards (see panel
A) and six labeled size markers (see panel B). None of the five tagged quantitation
standards substantially corresponds in molecular weight to any of the six labeled size
markers. A reference composition having quantitation standards that are resolved from
each size marker during electrophoresis allows luminescence to be detected from the
quantitation standards and the size markers without interference from one another.
For example, photoluminescence may be detected first from the blot at the size
markers, each of which may include a fluorescent tag. After contacting the blot with a
photoluminescence reagent(s), photoluminescence then may be detected from the
blot at the size markers and the quantitation standards. This strategy allows the size
markers to be identified unambiguously before the quantitation standards are
detectable.

Example 5. Standard Curves for Quantitation Standards

This example describes standard curves that may be generated using a set of
quantitation standards; see Figures 15 and 16.

Figure 15 shows a graph plotting chemiluminescence (a luminescence
response) that may be detected from a blot at each quantitation standard of a set of
quantitation standards, indicated by points 142. The quantitation standards have
respective tags of identical structure. The tags are used to bind a catalyst to each of
the quantitation standards. The catalyst catalyzes a light-emitting chemical reaction
that generates chemiluminescence at each quantitation standard (i.e., localized on the
blot in very close proximity to the quantitation standard). The chemiluminescence
detected for each quantitation standard is plotted as a function of the log(10)
concentration of the tag. The largest and smallest concentrations of the tag differ by a
factor of more than one million.

Points 142 define a standard curve 144 having a sigmoidal shape. Standard
curve 144 has a linear portion defining a linear range 146 within which the standard
curve is substantially linear. Below the linear range, the chemiluminescence is near or
at background. Above the linear range, the chemiluminescence plateaus. Accordingly,

for more accurate quantification of a sample protein using standard curve 144, the
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chemiluminescence detected from the blot at the sample protein should fall within
linear range 146.

The blot of Figure 15 also or alternatively may be used to calibrate the
quantitation standards with respect to a known amount of the sample protein, if present
on the blot. A chemiluminescence value obtained for the known amount of the sample
protein, under the same conditions as the chemiluminescence values for standard
curve 144, may be compared to standard curve 144 to obtain a conversion factor. The
conversion factor may be used to convert the concentration (or amount) value of each
quantitation standard to a quantity of the sample protein having luminescence
equivalence to the quantitation standard. Luminescence equivalence means that the
quantitation standard and the quantity of the sample protein are associated with the
same level of luminescence.

Figure 16 is a graph plotting chemiluminescence that may be detected from the
blot of Figure 15 at the quantitation standards for different amounts of time (i.e., 1, 10,
100, and 1000 seconds). The chemiluminescence values for the quantitation
standards define a series of standard curves 144a-144d for the different amounts of
time. The linear range of each standard curve is offset along the relative concentration
axis from each other linear range. However, with proper selection of each time period,
as shown, the linear ranges may overlap. For example, in the depicted embodiment,
standard curves 140a-140d define a collective linear range that extends from -5 to -1
in the graph of Figure 16, which is a difference of 10,000-fold. Accordingly, the series
of standard curves can be used to quantify the sample protein over a range of 10,000-
fold.

V. Selected Aspects
This section describes selected aspects of the methods and compositions of

the present disclosure as a series of indexed paragraphs.

Paragraph A1. A method of quantifying a protein, the method comprising: (i)
electrophoresing a reference composition and the protein in respective lanes of a gel,
the reference composition including quantitation standards of different size each
including a tag present at a different concentration; (ii) transferring the quantitation
standards and the protein from the gel to a solid support to create a blot; (iii) detecting
luminescence from the blot to obtain respective luminescence values separately

representing an abundance of the tag of each quantitation standard and an abundance
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of the protein; and (iv) determining a quantity of the protein using the respective
luminescence values.

Paragraph A2. The method of paragraph A1, the method further comprising
determining whether the luminescence value for the protein falls within a linear range
of luminescence response based on the luminescence values for the quantitation
standards.

Paragraph A3. The method of paragraph A1 or A2, wherein detecting
luminescence is performed using a nondestructive read sensor to capture a plurality
of luminescence images representing luminescence detected from the blot for different
amounts of time, wherein determining a quantity uses a first luminescence value
obtained from a first luminescence image representing a shorter detection time and a
second luminescence value obtained from a second luminescence image representing
a longer detection time, and wherein the first luminescence value corresponds to a
first quantitation standard having a higher concentration of the tag and the second
luminescence value corresponds to a second quantitation standard having a lower
concentration of the tag.

Paragraph A4. The method of any of paragraphs A1 to A3, wherein determining
a quantity of the protein includes producing a standard curve using the luminescence
values for the quantitation standards, identifying a point along a linear portion of the
standard curve, the point having a luminescence value matching the luminescence
value of the protein, and finding a quantity value associated with the point.

Paragraph A5. The method of any of paragraphs A1 to A4, the method further
comprising determining a linear range of luminescence response as a function of tag
abundance using the luminescence values for the quantitation standards, and
determining whether the luminescence value for the protein falls within the linear range
of luminescence response.

Paragraph A6. The method of any of paragraphs A1 to A5, wherein the
quantitation standards are calibrated against a known amount of the protein, such that
the luminescence value for the tag of each quantitation standard corresponds to a
defined amount of the protein.

Paragraph A7. The method of any of paragraphs A1 to A6, wherein determining
a quantity of the protein includes producing a standard curve using the luminescence
values for the quantitation standards, wherein detecting luminescence is performed

using an image sensor having a dynamic range, and wherein the standard curve
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encompasses a range of tag concentrations that is larger than the dynamic range of
the image sensor (e.g., at least 2-, 5-, 10-, 20-, or 50-fold the dynamic range).

Paragraph A8. The method of any of paragraphs A1 to A7, wherein detecting
luminescence includes detecting chemiluminescence representing each of the
quantitation standards and the protein.

Paragraph A9. The method of any of paragraphs A1 to A8, wherein detecting
luminescence includes detecting fluorescence representing each of the quantitation
standards and the protein.

Paragraph A10. The method of any of paragraphs A1 to A9, wherein at least
two of the tags of the quantitation standards differ in concentration by at least 100-fold.

Paragraph A11. The method of paragraph A10, wherein the at least two tags of
the quantitation standards differ in concentration by at least 1000-fold.

Paragraph A12. The method of any of paragraphs A1 to A11, wherein the
reference composition also includes a set of size markers each including a label that
is chromophoric or fluorescent, and wherein each quantitation standard corresponds
in size to one of the size markers.

Paragraph A13. The method of paragraph A12, wherein the label of each size
marker is a chromophoric label, further comprising capturing an image representing
absorbance of light by the chromophoric label of each size marker.

Paragraph A14. The method of paragraph A12, wherein the label of each size
marker is a fluorescent label, further comprising capturing an image representing
fluorescence of the fluorescence label of each size marker.

Paragraph A15. The method of paragraph A13 or A14, further comprising
identifying an expected position of each quantitation standard on the blot based on
positions of the size markers in the image.

Paragraph A16. The method of any of paragraphs A1 to A15, wherein the tags
of the quantitation standards are structurally identical to one another.

Paragraph B1. A composition for protein quantification, comprising: a set of size
markers configured to be resolved from one another in a gel to form a ladder
representing a series of molecular weights, each size marker including a chromophoric
or fluorescent label; wherein the composition includes three or more quantitation
standards each having a tag, and wherein the tags of the three or more quantitation
standards are present at predetermined concentrations defining a concentration range
of at least 100-fold.
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Paragraph B2. The composition of paragraph B1, wherein each quantitation
standard corresponds in size to a different size marker of the set of size markers.

Paragraph B3. The composition of paragraph B2, wherein the tags of the three
or more quantitation standards are present at ratios, relative to one another, that do
not correlate with ratios, relative to one another, of the labels of the size markers to
which the quantitation standards correspond in size.

Paragraph B4. The composition of any of paragraphs B1 to B3, wherein the
size markers define a concentration range of less than 100-fold.

Paragraph B5. The composition of any of paragraphs B1 to B4, wherein each
size marker of at least three of the size markers includes a mixture of non-tagged
molecules lacking the tag and tagged molecules including the tag, wherein each of the
non-tagged molecules and each of the tagged molecules includes the chromophoric
or fluorescent label of the size marker, and wherein the non-tagged molecules
outnumber the tagged molecules for each of the at least three size markers.

Paragraph B6. The composition of paragraph B5, wherein the non-tagged
molecules are at least 100 times more abundant than the tagged molecules for at least
one size marker of the at least three size markers.

Paragraph B7. The composition of any of paragraphs B1 to B6, wherein each
size marker of at least three of the size markers includes an amino acid sequence of
at least 100 amino acids that is present in one of the quantitation standards.

Paragraph B8. The composition of any of paragraphs B1 to B7, wherein the set
of size markers defines a range of molecular weight including 20 kilodaltons and 80
kilodaltons.

Paragraph B9. The composition of paragraph B8, wherein the set of size
markers defines a range of molecular weight including 15 kilodaltons and/or 150
kilodaltons.

Paragraph B10. The composition of any of paragraphs B1 to B9, wherein the
set of size markers includes at least six size markers of different molecular weight.

Paragraph B11. The composition of any of paragraphs B1 to B10, wherein the
three or more quantitation standards include at least six quantitation standards
configured to be resolved from one another by gel electrophoresis.

Paragraph B12. The composition of any of paragraphs B1 to B11, wherein each
size marker and each quantitation standard includes a polypeptide of at least 50 amino

acids.
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Paragraph B13. The composition of any of paragraphs B1 to B12, wherein the
composition is an aqueous composition.

Paragraph B14. The composition of any of paragraphs B1 to B13, wherein the
tags of the three or more quantitation standards are identical to one another
structurally.

Paragraph B15. The composition of any of paragraphs B1 to B14, wherein the
tag of each of the three or more quantitation standards is a peptide tag.

Paragraph B16. The composition of any of paragraphs B1 to B15, wherein the
quantitation standards are present at predetermined concentrations defining a
concentration range of at least 1000-fold.

The term "exemplary" as used in the present disclosure, means "illustrative" or
"serving as an example." Similarly, the term "exemplify" (or “exemplified”) means "to
illustrate by giving an example." Neither term implies desirability or superiority.

While the invention has been described through the above examples and
features, it will be understood by those of ordinary skill in the art that a wide variety of
modifications, combinations and variations of the examples and features may be made
without departing from the inventive concepts herein disclosed. Moreover, the
invention should not be viewed as being limited to any specific purposes or
embodiments described herein, but rather should be viewed as being applicable to
accomplish a wide variety of purposes beyond those described herein. This disclosure
describes some examples of the present technology with reference to the
accompanying drawings, in which only some of the possible examples are shown.
Other aspects can, however, be embodied in many different forms and should not be
construed as limited to the examples set forth herein even if not expressly exemplified
in combination. Rather, these examples were provided so that this disclosure is
thorough and complete and fully conveys the scope of the possible examples to those

skilled in the art.
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WE CLAIM:

1. A method of quantifying a protein, the method comprising:

electrophoresing a reference composition and the protein in respective lanes of
a gel, the reference composition including quantitation standards of different size each
including a tag present at a different concentration;

transferring the quantitation standards and the protein from the gel to a solid
support to create a blot;

detecting luminescence from the blot to obtain respective luminescence values
separately representing an abundance of the tag of each quantitation standard and an
abundance of the protein; and

determining a quantity of the protein using the respective luminescence values.

2. The method of claim 1, further comprising determining whether the
luminescence value for the protein falls within a linear range of luminescence response

based on the luminescence values for the quantitation standards.

3. The method of claim 1, wherein detecting luminescence is performed
using a nondestructive read sensor to capture a plurality of luminescence images
representing luminescence detected from the blot for different amounts of time,
wherein determining a quantity uses a first luminescence value obtained from a first
luminescence image representing a shorter detection time and a second
luminescence value obtained from a second luminescence image representing a
longer detection time, and wherein the first luminescence value corresponds to a first
quantitation standard having a higher concentration of the tag and the second
luminescence value corresponds to a second quantitation standard having a lower

concentration of the tag.

4. The method of claim 1, wherein determining a quantity of the protein
includes producing a standard curve using the luminescence values for the
quantitation standards, identifying a point along a linear portion of the standard curve,
the point having a luminescence value matching the luminescence value of the protein,

and finding a quantity value associated with the point.
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. The method of claim 1, wherein the quantitation standards are calibrated
against a known amount of the protein, such that the luminescence value for the tag

of each quantitation standard corresponds to a defined amount of the protein.

6. The method of claim 1, wherein determining a quantity of the protein
includes producing a standard curve using the luminescence values for the
quantitation standards, wherein detecting luminescence is performed using an image
sensor having a dynamic range, and wherein the standard curve encompasses a

range of tag concentrations that is greater than the dynamic range of the image sensor.

7. The method of claim 1, wherein detecting luminescence includes
detecting chemiluminescence representing each of the quantitation standards and the

protein.

8. The method of claim 1, wherein detecting luminescence includes
detecting fluorescence representing each of the quantitation standards and the

protein.

9. The method of claim 1, wherein at least two of the tags of the quantitation

standards differ in concentration by at least 100-fold.

10.  The method of claim 9, wherein the at least two tags of the quantitation

standards differ in concentration by at least 1000-fold.

11.  The method of claim 1, wherein the reference composition also includes
a set of size markers each including a label that is chromophoric or fluorescent, and

wherein each quantitation standard corresponds in size to one of the size markers.

12. The method of claim 11, wherein the label of each size marker is a
chromophoric label, further comprising capturing an image representing absorbance

of light by the chromophoric label of each size marker.

13.  The method of claim 1, wherein the tags of the quantitation standards

are structurally identical to one another.
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14. A composition for protein quantification, comprising:

a set of size markers configured to be resolved from one another in a gel to
form a ladder representing a series of molecular weights, each size marker including
a chromophoric or fluorescent label; and

wherein the composition includes three or more quantitation standards each
having a tag, and wherein the tags of the three or more quantitation standards are
present at predetermined concentrations defining a concentration range of at least
100-fold.

15. The composition of claim 14, wherein each quantitation standard

corresponds in size to a different size marker of the set of size markers.

16. The composition of claim 14, wherein the tags of the three or more
quantitation standards are present at ratios, relative to one another, that do not
correlate with ratios, relative to one another, of the size markers to which the

quantitation standards correspond in size.

17. The composition of claim 14, wherein the size markers define a

concentration range of less than 100-fold.

18.  The composition of claim 14, wherein the set of size markers defines a

range of molecular weight including 20 kilodaltons and 80 kilodaltons.

19. The composition of claim 14, wherein the tags of the three or more
quantitation standards are peptide tags having the same amino acid sequence as one

another.

20. The composition of claim 14, wherein the quantitation standards are
present at predetermined concentrations defining a concentration range of at least
1000-fold.
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Minimum documentation searched (classification system followed by classification symbols)

See Search History document
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See Search History document

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

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014/004533 A1 (Bio-Rad Laboratories) 02 January 2014 (02.01.2014) para [0006], para 1-2, 4-10, 13
----- [0010], para [0035}-[0036], para [0043], para {0052), para [0055], para [0064]-[0065], para B
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A US 9,766,206 B2 (ProteinSimple) 19 September 2017 (19.09.2017) entire document 1-13
A WO 2020/237095 A1 (Regeneron Pharmaceuticals, Inc.) 26 November 2020 (26.11.2020) 1-13
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the priority date claimed
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date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

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

“Y” document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D Claims Nos.:

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

3. D Claims Nos.:

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

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

This Interational Searching Authority found multiple inventions in this international application, as follows:
-------see supplemental box------

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

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

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

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1-13

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

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

D No protest accompanied the payment of additional search fees.
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Bx. Ill (Lack of Unity)

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

Group |: Claims 1-13 is directed toward a method of quantifying a protein, the method comprising: electrophoresing a reference
composition and the protein in respective lanes of a gel, the reference composition including quantitation standards of different size each
including a tag present at a different concentration; transferring the quantitation standards and the protein from the gel to a solid support
to create a blot; detecting luminescence from the blot to obtain respective luminescence values separately representing an abundance
of the tag of each quantitation standard and an abundance of the protein; and determining a quantity of the protein using the respective
luminescence values.

Group II: Claims 14-20 is directed toward a composition for protein quantification, comprising: a set of size markers configured to be
resolved from one another in a gel to form a ladder representing a series of molecular weights, each size marker including a
chromophoric or fluorescent label; and wherein the composition includes three or more quantitation standards each having a tag, and
wherein the tags of the three or more quantitation standards are present at predetermined contentrations defining a concentration range
of at least 100-fold. :

The inventions listed as Groups I-1l do not relate to a single general inventive concept under PCT Rule 13.1 because, they lack the same
or corresponding special technical features for the following reasons:

Special Technical Features:

The invention of Group | includes the special technical feature of a method of quantifying a protein, the method comprising:
electrophoresing a reference composition and the protein in respective lanes of a gel; transferring the quantitation standards and the
protein from the gel to a solid support to create a blot; detecting luminescence from the blot to obtain respective luminescence values
separately representing an abundance of the tag of each quantitation standard and an abundance of the protein; and determining a
quantity of the protein using the respective luminescence values, not required by Group II.

The invention of Group Il includes the special technical feature of a composition, comprising: a set of size markers configured to be
resolved from one another in a gel to form a ladder representing a series of molecular weights, each size marker including a
chromophoric or fluorescent label; and wherein the composition includes three or more quantitation standards, and wherein the tags of
the three or more quantitation standards are present at predetermined concentrations defining a concentration range of at least 100-fold,
not required by Group I.

' Shared Technical Features:

The inventions of Groups I-1l share the technical features of a composition for protein quantification, comprising: quantitation standards
each having a tag present at a different concentrations.

However, these shared technical features do not represent a contribution over prior art, because the shared technical feature is being
obvious over US 2014/004533 A1 to Bio-Rad Laboratories (hereinafter "Bio-Rad").

Bio-Rad teaches a composition for protein quantification (para {0006), The present disclosure describes a protein quantitation standard
that can be used to determine the mass (i.e., the amount or quantity) of a target protein in an electrophoresis gel), comprising: a
quantitation standard (para [0006], The present disclosure describes a protein quantitation standard that can be used to determine the
mass (i.e., the amount or quantity) of a target protein in an electrophoresis gel) having a tag (para [0010], the protein quantitation
standard comprises a set of unstained polypeptides having different electrophoretic mobilities that are present in different quantities; and
para [0069), The unstained polypeptides can also comprise fusion proteins that include chromogenic and/or chemiluminescent detection
tags), but does not teach the composition comprising multiple quantitation standards each having a tag present at a different
concentrations. It would have been obvious to one of ordinary skill in the art to optimize the number of standards and tags, and their
concentrations by routine experimentation in order to improve the performance of the method.

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

Therefore, Groups |-il lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/_210 (extra sheet) (July 2019)
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