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Figure 2

od for identifying binding partners of small molecules and proteins.
The small molecules and proteins are tagged with a nucleic acid bar-
code that can be used to identify the protein or small molecule, and
thereby its partner.
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MULTIPLEX ASSAY FOR MEMBERS OF BINDING PAIRS

Cross Reference to Related Application

[0001] This application claims priority from U.S. Serial No. 61/794,207 filed March 15,
2013 and U.S. Serial No. 61/807,670 filed April 2, 2013. The content of these documents is

incorporated herein by reference.

Technical Field

[0002] The invention is in the field of multiplex assaying. More particularly, it provides a
method to identify a multiplicity of binding partners by providing complementary molecules that
are tagged with oligomer identification tags or barcodes. The invention compositions and

materials are particularly useful for determining mixtures of antibodies, receptors, and enzymes.

Background Art

[0003] Methods are currently available in the art to utilize oligomers as barcodes. This
technology is described in U.S. patent 7,919,237 to NanoString™ Technologies, Inc. In this
method, the oligomers that are extensions of targeting nucleotide sequences are stretched by an
electrostretching technique spatially separating the monomers wherein each monomer is
connected to a unique label. Thus, the pattern of labeled monomers can be used to identify the
barcode on the oligomeric tag.

[0004] The present invention provides a new application for this technology whereby, for
example, a multiplicity of antibodies in a sample of human serum can be identified. This
provides the opportunity to diagnose autoimmune and other conditions characterized by the
presence of antibodies. A multiplicity of applications for identification of protein binding

partners or binding partners for small molecules is the subject of this invention.

Disclosure of the Invention

[0005] In one aspect, the invention is directed to a panel comprising a multiplicity of
different molecules, each different molecule coupled to a unique oligonucleotide tag, wherein
each unique oligonucleotide tag can be identified, wherein each of said different molecules binds

to a complementary binding partner.
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[0006] The molecules and binding partners can be proteins, such as antigens/antibodies,
ligands/receptors, and enzymes/substrates, or can be small molecules.

[0007] In another aspect, the invention is directed to a method to identify a multiplicity of
different binding partners each complementary to a different molecule which comprises
contacting a sample to be assayed with the above-described panel so as to effect binding of any
binding partners in the sample with the different tagged molecules and determining the nature of

the tagged molecules using the tags as barcodes.

Brief Description of the Drawings

[0008] Figure 1 is an illustration of the prior art indicating the nature of labeling of the
barcode.
[0009] Figures 2A and 2B are graphs showing the ability of transferrin coupled to a 100 mer

to pull down antibodies in a test sample and in a spiked control sample, respectively.

Modes of Carrying Out the Invention

[0010] The invention provides efficient methods for identifying binding partners that are
specific for proteins or small molecules. “Proteins” refers to amino acid sequences of any length
— i.e., it includes peptides, including cyclic peptides of any molecular weight. “Proteins” also
includes pseudo proteins wherein the amide linkage is replaced by an isostere such as CH,NH,
C(NH)CH;, CSNH and the like. “Small molecules” refers to organic molecules typically having
molecular weights <500 which are generally referred to by this term, for example, by the
pharmaceutical industry. Specifically, “small molecules” are organic molecules that are not
polymers of the same or different repeated monomeric units. Thus, for example, polyethylene
glycol, nylon, and proteins are typically not considered small molecules, but nicotine, citric acid,
steroids and anthocyanins are included in this definition.

[0011] For coupling the nucleic acid barcode to the different molecules in the panel, a
variety of heterobifunctional or homobifunctional linkers may be used. Alternatively, the
nucleic acid may be directly coupled to the small molecule or protein. In one embodiment, for
coupling the tag to a protein, the oligomer tag is first coupled to 4-formyl benzamide whereby
the amide groups provide coupling to the oligomer and a formyl group for reaction with
succinimidyl-6-hydrazino-nicotinamide coupled to protein, for example. This results in a stable

bis-aryl hydrazone linkage.
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[0012] However, alternative methods are readily available in the art. Homobifunctional and
heterobifunctional linkers are available commercially from Pierce Chemical Co. and well known
in the art.

[0013] The barcodes themselves are nucleic acid molecules, typically comprising 90-110
nucleotides, preferably 100 nucleotides wherein in the panels of the invention, each of the
oligonucleotide tags has a characteristic sequence unique to the molecule that it tags. The
oligomers may be conventional DNA or RNA, or may contain modified bases, or modified
sugars, or modified linkages. For example, they may contain phosphoramidate linkages,
phosphothiolate linkages or constitute peptide nucleic acids. Alternative sugars include, for
example, alkylated ribose at the 2-position and altered bases may also be included as long as
their detectability by complementarity is preserved, or as long as they can be uniquely labeled by
detectable tags. A description of labeling with multiple fluorescent tags in such barcodes is
described in the above-referenced U.S. 7,919,237 incorporated herein by reference.

[0014] To conduct the method of the invention, the above-mentioned panel is formed by
coupling each molecule (which may be a protein) in the panel with a uniquely labeled barcode.
The molecules in the panel may be ligands for receptors or receptors for ligands or may be
antibodies immunoreactive with antigens or antigens immunoreactive with antibodies. The
panel could also include enzymes wherein substrate can be detected or substrates wherein
enzymes can be detected. One specific type of panel may include, for example, proteins that are
kinases.

[0015] In the method of the invention, the sample to be analyzed is contacted with the panel
to effect binding of any binding partners present in the sample with their complements contained
in the panel wherein each complement has been tagged differentially. Unbound tagged
molecules are then removed and the molecules that have been bound to the binding partners in
the sample are identified by analyzing for the presence of barcodes tagging them. The pattern of
tags in the complexed binding partners is then identified by the nature of the barcodes using the
labels as a guide.

[0016] The invention method provides multiplex screening, therefore of a variety of
potential binding partners, including autoantibodies for detection of autoimmune diseases. This

permits screening of individuals for autoantibody fingerprints, for example.



WO 2014/144806 PCT/US2014/029367

[0017] The practical applications of the multiplex assay are many. The pattern of antibodies
available in serum or blood samples or fractions thereof from humans or other animals can be
analyzed for the presence of infection, autoimmune disease, or conditions characterized by
particular antibody patterns which can be determined empirically. Typically, in this case, the
labeled compounds are proteins or other haptens specifically immunoreactive with particular
antibodies. Alternatively, antibodies designed to interact with infectious agents themselves,
such as viruses, may be tagged and placed on a panel to detect a microbiome. Other bodily
fluids besides blood can also be used as sources of samples.

[0018] The multiplexed assay method of the invention may also be used in industrial
applications such as determining patterns of fermentation or analysis for impurities in small
molecule preparation and the like.

[0019] This example demonstrates that a barcoded binding partner can measure the quantity
of its counterpart in a sample, in particular in a biological sample.

[0020] Briefly, samples to be tested for antibody, each having a different concentration of
goat anti-transferrin antibody were incubated with an excess of anti-goat antibody labeled with
biotin and with an excess or equivalent amount of transferrin coupled to a 100 nucleotide
barcode oligonucleotide to form complexes. After the incubation, streptavidin derivatized beads
were added and the beads, now having reacted with any biotin-derivatized complex in the
sample were separated and washed to elute non-biotinylated components. The beads, now
containing the anti-transferrin coupled to barcoded transferrin were eluted and bound using the
barcode to bind to a barcode complement containing a series fluorescent (NanoString codesets)
reporters. By counting the fluorescent reporters, the quantity of complex bound to barcode
complement in each sample was determined.

[0021] The results are shown in Figures 2A and 2B. The reporter counts were normalized
based on the ratio between the positive controls for each sample. Figure 2A shows that with
increasing amounts of antibody, increasing amounts of reporter are obtained, thus verifying that
the assay can determine quantitatively concentrations of antibody.

[0022] In Figure 2B, results for a positive control which was added before assessment using
NanoString™ protocols is presented. As noted, the normalized positive control is independent

of antibody concentration.
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[0023] In more detail, anti-transferrin was mixed with bovine serum albumin (BSA)

(1 mg/mL), salmon sperm DNA (10 pug/mL), and Tween® (0.05%) in a PBS buffer at 6
concentrations 9 nM, 3 nM, 1 nM, 333 pM, 111 pM, and 0 pM (negative control), and the
transferrin-100 mer conjugate was added to each of the 6 concentrations at a final concentration
of 9 nM to each. The barcode derivatized for binding to transferrin has the structure:
5-/ISAmMC6//iSp18//iSp18/ iSpPC/TT TAC ACC GAG TCT GGC CTG GAC GTT ATC
GGA TAC GTC TCT GGA GAA AAG ACC ACT GAA GTG CTT GGT AAG GGA GGA
TCG CTTACG TAC TTC ACA TTC AG -3". SAmMC6 is a modification that adds an amine
group to the 5° end of the oligo and required for conjugation, and iSp18 is a 18-carbon spacer
used to separate the DNA oligo from the transferrin. While an iSpPC, which is a photocleavable
modification that can be added internally into a DNA oligo, was included in this experiment to
completely separate the DNA oligo from the transferrin, this modification was, in the end,
unnecessary.

[0024] Biotinylated donkey anti-goat IgG was added to each sample at a final concentration
of 15 nM, and the mixture incubated at room temperature overnight. Dynabeads® M-280
streptavidin were washed 2x with 200 ul of BSA (1 mg/mL), salmon sperm DNA (10 pg/mL),
and Tween® (0.05%) in a PBS buffer and blocked for 30 minutes in the same buffer at room
temperature, then resuspended in 10 pl for each sample (60 pl total). 10 pl of Dynabeads® were
added to each sample and incubated with protein mixture for 30 min at room temperature. The
beads were isolated and washed 4x with 400 ul of PBS + 0.05% Tween®, and the complex is
eluted by suspending 10 pl of 40 mM glycine (pH 2.5) and incubating at 72°C for 30 min.

[0025] Liquid was collected from beads and added to 10 pl of 5xSSPE (750 mM NaCl,

50 mM NaH,PO, x H,O, 50 mM EDTA).

[0026] At this point, 10 pl of water containing 10 nM positive control 100 mer single
stranded DNA oligo was added to each sample.

[0027] The control has the structure 5°/5SAmMC6//ACCCACTGTGATCCTAGGCTCAAC
GCATCTCAATCCCTTGAGCTCTCATTCATTATCGCAGAACGTTTGAGGAAAAGGAGG
CTCGGATCGCAAAGCGTT 3’. This positive control has previously been shown to work with
NanoString™ and can confirm proper hybridization and function of the NanoString™
instruments. The final pH of the sample is ~6. Following NanoString™ standard protocols, the

sample was hybridized to the codesets and processed on the NanoString™ prep station and
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digital analyzer. NanoString™ itself includes internal positive controls that can be used to

normalize results.
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Claims

1. A panel comprising a multiplicity of different tagged molecules, each different
tagged molecule coupled to a unique oligonucleotide tag, wherein each unique oligonucleotide
tag can be identified;

wherein each of said different tagged molecules binds to a complementary
binding partner; and

wherein said tagged molecules are proteins or small molecules.

2. The panel of claim 1 wherein the tagged molecules are ligands and the binding
partners are receptors for said ligands; or
wherein the tagged molecules are receptors and the tagged molecules are
ligands therefor; or
wherein the tagged molecules are antigens and the binding partners are antibodies; or
wherein the tagged molecules are antibodies and the binding partners are
antigens therefor; or
wherein the binding partners are enzymes and the molecules are substrates therefor; or
wherein the tagged molecules are enzymes and the binding partners are substrates

therefor.

3. The panel of claim 1 wherein the oligonucleotide tags are coupled to the different

molecules through linkers.

4. The panel of claim 3 wherein the linkers comprise an aryl hydrazone linkage.

5. The panel of claim 1 wherein each oligonucleotide tag is labeled with multiple
fluorophores.

6. The panel of claim 1 wherein the oligonucleotide tags

contain 90-110 nucleotides.

7. A method to identify a multiplicity of different binding partners, each

complementary to a different molecule which comprises
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(a) contacting a sample to be assayed for said binding partners with the panel
of claim 1 to effect binding of any binding partners present in said sample with its
complementary different tagged molecule;

(b) removing unbound tagged molecules;

(c) identifying tagged molecules that have been bound to said binding partners by
identifying the tags coupled thereto.

8. The method of claim 7 wherein step (c) is preceded by separating the binding

partners from the bound tagged molecules.

0. The method of claim 7 wherein the tagged molecules are ligands and the binding
partners are receptors for said ligands; or
wherein the tagged molecules are receptors and the tagged molecules are
ligands therefor; or
wherein the binding partners are antibodies and the tagged molecules are antigens.
wherein the tagged molecules are antibodies and the binding partners are
antigens therefor; or
wherein the binding partners are enzymes and the molecules are substrates therefor; or
wherein the tagged molecules are enzymes and the binding partners are substrate

therefor.

10. The method of claim 7 wherein the oligonucleotide tags are coupled to the

different molecules through linkers.

11. The method of claim 7wherein each oligonucleotide tag is labeled with multiple
fluorophores.
12. The method of claims 7 wherein the oligonucleotide tags are

of 90-110 nucleotides in length.



PCT/US2014/029367

WO 2014/144806

[ 9an31yq

IRAVAR (A |

1/2



WO 2014/144806

A

20,000

40,000

=
[
S

20,000

Reporter Counts

10,000

o

B

200,000

Reporter Counts
b
[}

20.a00

PCT/US2014/029367

100mer Conjugated Transferan Pull Down

2 4 6 &
Concentration {nM)
of anti-transferrin
Spike in Contrad -100mer Conjugatad Transferrin Pull
\
TR
Y\
Y
1\

\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\
AR
\\\\\\\\\\\
\\\\\\\\\\\
\\\\\\\\\\\\\

— 05 ONNOE Rosmalizedd

& 3] &
Concentration {nM}

Figure 2

2/2

50,000

40,000

30,000

20,000

10,000

0

Cyaamn
200000

100,000

20.000

a

SN0 Jaunday) pazieuiion,

SIIND7) Jajodawy paz;gém_mm

C



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/029367

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8)- CO7H21/04 (2014.01)
USPC - 506/16

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

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - CO7H 21/00, 21/04; C12Q 1/68; C40B 30/04, 70/00; GO1N 33/53, 33/58, 33/533, 33/532, 33/566 (2014.01)
USPC - 435/4, 6, 506/4, 9, 16; 536/22.1

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC - C12Q 1/00, 1/68, 1/682, 1/6816 (2014.06)

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

PatBase, Google Patents, PubMed

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7,919,237 B2 (DIMITROV et al) 05 April 2011 (05.04.2011) entire document 1-3,4,5

Y 6-12

Y US 2013/0041140 A1 (SCHWARTZ et al) 14 February 2013 (14.02.2013) entire document 4

Y GODAT et al. “Mag'nificient Protein Pull-Down: In vitro His-tag Pull-down Assay using 7-12

MagZ~TM Particle,” Promega Notes, Vol. 88, Pgs. 13-15, 2004. Retrieved from the Internet:
<http://www.promega.com/~/medialfiles/resources/promega%20notes/88/in%20vitro%20his-tag
%20pull-down%20assay%20using%20magz%20particles.pdf?la=en> on 23 July 2014
(23.07.2014). entire document

A US 2002/0192687 A1 (MIRKIN et al) 19 December 2002 (19.12.2002) entire document 1-12

A US 2003/0013091 A1 (DIMITROV et al) 16 January 2003 (16.01.2003) entire document 1-12

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

*  Special categories of cited documents: “T" later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the aptEllqatlon but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E" earlier application or patent but published on or after the international  “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive .

“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other “Y* document of particular relevance; the claimed invention cannot be
| special reason (a.s specified) . e considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than “&” document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
23 July 2014 " 9 A U G 2014
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450
L. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - wo-search-report

