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METHODS AND KITS USING NUCLEIC 
ACID ENCODING AND / OR LABEL 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

within a cell dynamically change in expression level and 
modification state ) in response to the environment , physi 
ological state , and disease state . Thus , proteins contain a vast 
amount of relevant information that is largely unexplored , 
especially relative to genomic information . In general , inno 
vation has been lagging in proteomics analysis relative to 
genomics analysis . In the field of genomics , next - generation 
sequencing ( NGS ) has transformed the field by enabling 
analysis of billions of DNA sequences in a single instrument 
run , whereas in protein analysis and peptide sequencing , 
throughput is still limited . 
[ 0005 ] Yet this protein information is direly needed for a 
better understanding of proteome dynamics in health and 
disease and to help enable precision medicine . As such , there 
is great interest in developing “ next - generation ” tools to 
miniaturize and highly - parallelize collection of this pro 
teomic information . The present disclosure addresses these 
and other needs . 

[ 0001 ] This application claims benefit of priority to U.S. 
Provisional Application Ser . No. 62 / 579,840 , filed 31 Oct. 
2017 , entitled “ METHODS AND KITS USING NUCLEIC ACID ENCODING 
AND / OR LABEL , ” and to U.S. Provisional Application Ser . No. 
62 / 582,916 , filed 7 Nov. 2017 , entitled “ METHODS AND KITS 
USING NUCLEIC ACID ENCODING AND / OR LABEL " : the entire contents 
of these applications are incorporated herein by reference for 
all purposes . This application is related to U.S. Provisional 
Patent Application No. 62 / 330,841 , filed May 2 , 2016 , 
entitled “ Macromolecule Analysis Employing Nucleic Acid 
Encoding " ; U.S. Provisional Patent Application No. 62/339 , 
071 , filed May 19 , 2016 , entitled “ Macromolecule Analysis 
Employing Nucleic Acid Encoding ” ; U.S. Provisional Pat 
ent Application No. 62 / 376,886 , filed Aug. 18 , 2016 , entitled 
“ Macromolecule Analysis Employing Nucleic Acid Encod 
ing ” ; International Patent Application No. PCT / US2017 / 
030702 , filed May 2 , 2017 , entitled “ Macromolecule Analy 
sis Employing Nucleic Acid Encoding " ; U.S. Provisional 
Patent Application No. 62 / 579,844 , having the Attorney 
Docket No. 776533000500 , filed Oct. 31 , 2017 , entitled 
“ Kits for Analysis Using Nucleic Acid Encoding and / or 
Label ” ; U.S. Provisional Patent Application No. 62 / 579,870 , 
having the Attorney Docket No. 776533000600 , filed Oct. 
31 , 2017 , entitled “ Methods and Compositions for Polypep 
tide Analysis ” ; U.S. Provisional Patent Application No. 
62 / 579,840 , having the Attorney Docket No. 
776533000700 , filed Oct. 31 , 2017 , entitled " Methods and 
Kits Using Nucleic Acid Encoding and / or Label ” ; and U.S. 
Provisional Patent Application No. 62 / 582,312 , having the 
Attorney Docket No. 776533000501 , filed Nov. 6 , 2017 , 
entitled “ Kits for Analysis Using Nucleic Acid Encoding 
and / or Label , ” the disclosures of which applications are 
incorporated herein by reference for all purposes . 

SUBMISSION OF SEQUENCE LISTING ON 
ASCII TEXT FILE 

[ 0002 ] The content of the following submission on ASCII 
text file is incorporated herein by reference in its entirety : a 
computer readable form ( CRF ) of the Sequence Listing ( file 
name : 776533000701SeqList.txt , date recorded : Nov. 7 , 
2017 , size : 47,726 bytes ) . 

SUMMARY 

[ 0006 ] The summary is not intended to be used to limit the 
scope of the claimed subject matter . Other features , details , 
utilities , and advantages of the claimed subject matter will 
be apparent from the detailed description including those 
aspects disclosed in the accompanying drawings and in the 
appended claims . 
[ 0007 ] In one aspect , disclosed herein is a method , com 
prising : ( a ) contacting a set of proteins , wherein each protein 
is associated directly or indirectly with a recording tag , with 
a library of agents , wherein each agent comprises ( i ) a small 
molecule , a peptide or peptide mimetic , a peptidomimetic 
( e.g. , a peptoid , a B - peptide , or a D - peptide peptidomimetic ) , 
a polysaccharide , or an aptamer ( e.g. , a nucleic acid aptamer , 
such as a DNA aptamer , or a peptide aptamer ) , and ( ii ) a 
coding tag comprising identifying information regarding the 
small molecule , peptide or peptide mimetic , peptidomimetic 
( e.g. , peptoid , B - peptide , or D - peptide peptidomimetic ) , 
polysaccharide , or aptamer , wherein each protein and / or its 
associated recording tag , or each agent , is immobilized 
directly or indirectly to a support ; ( b ) allowing transfer of 
information between ( i ) the recording tag associated with 
each protein that binds and / or reacts with the small molecule 
( s ) , peptide ( s ) or peptide mimetic ( s ) , peptidomimetic ( s ) 
( e.g. , peptoid ( s ) , B - peptide ( s ) , or D - peptide peptidomimetic 
( s ) ) , polysaccharide ( s ) , or aptamer ( s ) of one or more agents , 
and ( ii ) the coding tag of the one or more agents , to generate 
an extended recording tag and / or an extended coding tag ; 
and ( c ) analyzing the extended recording tag and / or the 
extended coding tag . In some embodiments , each protein is 
spaced apart from other proteins on the support at an average 
distance equal to or greater than about 20 nm , equal to or 
greater than about 50 nm , equal to or greater than about 100 
nm , equal to or greater than about 150 nm , equal to or greater 
than about 200 nm , equal to or greater than about 250 nm , 
equal to or greater than about 300 nm , equal to or greater 
than about 350 nm , equal to or greater than about 400 nm , 
equal to or greater than about 450 nm , equal to or greater 
than about 500 nm , equal to or greater than about 550 nm , 
equal to or greater than about 600 nm , equal to or greater 
than about 650 nm , equal to or greater than about 700 nm , 
equal to or greater than about 750 nm , equal to or greater 
than about 800 nm , equal to or greater than about 850 nm , 
equal to or greater than about 900 nm , equal to or greater 
than about 950 nm , or equal to or greater than about 1 um . 

FIELD 

[ 0003 ] The present disclosure relates to sample analysis 
methods and kits employing nucleic acid encoding and / or 
nucleic acid recording of a molecular interaction and / or 
reaction , such as recognition events . In some aspects , the 
methods and kits are used in high - throughput , multiplexed , 
and / or automated analysis , and are suitable for analysis of a 
proteome or subset thereof . 

BACKGROUND 

[ 0004 ] Proteins play an integral role in cell biology and 
physiology , performing and facilitating many different bio 
logical functions . The repertoire of different protein mol 
ecules is extensive , much more complex than the transcrip 
tome , due to additional diversity introduced by post 
translational modifications ( PTMs ) . Additionally , proteins 
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a 

In any of the preceding embodiments , each protein and its 
associated recording tag can be spaced apart from other 
proteins and their associated recording tags on the support at 
an average distance equal to or greater than about 20 nm , 
equal to or greater than about 50 nm , equal to or greater than 
about 100 nm , equal to or greater than about 150 nm , equal 
to or greater than about 200 nm , equal to or greater than 
about 250 nm , equal to or greater than about 300 nm , equal 
to or greater than about 350 nm , equal to or greater than 
about 400 nm , equal to or greater than about 450 nm , equal 
to or greater than about 500 nm , equal to or greater than 
about 550 nm , equal to or greater than about 600 nm , equal 
to or greater than about 650 nm , equal to or greater than 
about 700 nm , equal to or greater than about 750 nm , equal 
to or greater than about 800 nm , equal to or greater than 
about 850 nm , equal to or greater than about 900 nm , equal 
to or greater than about 950 nm , or equal to or greater than 
about 1 um . 
[ 0008 ] In any of the preceding embodiments , the agent 
may comprise a polypeptide , a peptide or modified peptide , 
a polysaccharide , a peptoid , a peptidomimetic , an aptamer , 
a small molecule , or another protein binding molecule , or 
any combination thereof . 
[ 0009 ] In any of the preceding embodiments , one or more 
of the proteins and / or their associated recording tags can be 
covalently immobilized to the support ( e.g. , via a linker ) , or 
non - covalently immobilized to the support ( e.g. , via a bind 
ing pair ) . 
[ 0010 ] In any of the preceding embodiments , a subset of 
the proteins and / or their associated recording tags can be 
covalently immobilized to the support while another subset 
of the proteins and / or their associated recording tags can be 
non - covalently immobilized to the support . 
[ 0011 ] In any of the preceding embodiments , one or more 
of the recording tags can be immobilized to the support , 
thereby immobilizing the associated protein ( s ) . 
[ 0012 ] In any of the preceding embodiments , one or more 
of the proteins can be immobilized to the support , thereby 
immobilizing the associated recording tag ( s ) . 
[ 0013 ] In any of the preceding embodiments , at least one 
protein can co - localize with its associated recording tag , 
while each is independently immobilized to the support . 
[ 0014 ] In any of the preceding embodiments , at least one 
protein and / or its associated recording tag can associate 
directly or indirectly with an immobilizing linker , and the 
immobilizing linker can be immobilized directly or indi 
rectly to the support , thereby immobilizing the at least one 
protein and / or its associated recording tag to the support . 
[ 0015 ] In any of the preceding embodiments , the density 
of immobilized recording tags can be equal to or greater than 
the density of immobilized proteins . In some embodiments , 
the density of immobilized recording tags is at least about 
2 - fold , at least about 3 - fold , at least about 4 - fold , at least 
about 5 - fold , at least about 6 - fold , at least about 7 - fold , at 
least about 8 - fold , at least about 9 - fold , at least about 
10 - fold , at least about 20 - fold , at least about 50 - fold , at least 
about 100 - fold , or more , of the density of immobilized 
proteins . 
[ 0016 ] In any of the preceding embodiments , each protein 
and / or its associated recording tag can be immobilized 
directly or indirectly to the support . 
[ 0017 ] In any of the preceding embodiments , each agent 
can be immobilized directly or indirectly to the support . In 
such cases , each agent can be spaced apart from other agents 

immobilized on the support at an average distance equal to 
or greater than about 20 nm , equal to or greater than about 
50 nm , equal to or greater than about 100 nm , equal to or 
greater than about 150 nm , equal to or greater than about 200 
nm , equal to or greater than about 250 nm , equal to or greater 
than about 300 nm , equal to or greater than about 350 nm , 
equal to or greater than about 400 nm , equal to or greater 
than about 450 nm , equal to or greater than about 500 nm , 
equal to or greater than about 550 nm , equal to or greater 
than about 600 nm , equal to or greater than about 650 nm , 
equal to or greater than about 700 nm , equal to or greater 
than about 750 nm , equal to or greater than about 800 nm , 
equal to or greater than about 850 nm , equal to or greater 
than about 900 nm , equal to or greater than about 950 nm , 
or equal to or greater than about 1 um . In one embodiment , 
one or more of the agents are covalently immobilized to the 
support ( e.g. , via a linker ) , or non - covalently immobilized to 
the support ( e.g. , via a binding pair ) . 
[ 0018 ] In any of the preceding embodiments , a subset of 
the agents can be covalently immobilized to the support 
while another subset of the agents can be non - covalently 
immobilized to the support . 
[ 0019 ] In any of the preceding embodiments , for one or 
more of the agents , the small molecule , peptide or peptide 
mimetic , peptidomimetic ( e.g. , peptoid , B - peptide , or 
D - peptide peptidomimetic ) , polysaccharide , or aptamer can 
be immobilized to the support , thereby immobilizing the 
coding tag . 
[ 0020 ] In any of the preceding embodiments , for one or 
more of the agents , the coding tag can be immobilized to the 
support , thereby immobilizing the small molecule , peptide 
or peptide mimetic , peptidomimetic ( e.g. , peptoid , B - pep 
tide , or D - peptide peptidomimetic ) , polysaccharide , or 
aptamer . 
[ 0021 ] In any of the preceding embodiments , information 
can be transferred from at least one coding tag to at least one 
recording tag , thereby generating at least one extended 
recording tag . 
[ 0022 ] In any of the preceding embodiments , information 
can be transferred from at least one recording tag to at least 
one coding tag , thereby generating at least one extended 
coding tag . 
[ 0023 ] In any of the preceding embodiments , at least one 
di - tag construct can be generated comprising information 
from the coding tag and information from the recording tag . 
[ 0024 ] In any of the preceding embodiments , at least one 
of the proteins can bind and / or react with the small mol 
ecules , peptides or peptide mimetics , peptidomimetics ( e.g. , 
peptoids , B - peptides , or D - peptide peptidomimetics ) , poly 
saccharides , or aptamers of two or more agents . In one 
embodiment , the extended recording tag or the extended 
coding tag comprises identifying information regarding the 
small molecules , peptides or peptide mimetics , peptidomi 
metics ( e.g. , peptoids , B - peptides , or D - peptide peptidomi 
metics ) , polysaccharides , or aptamers of the two or more 
agents . 
[ 0025 ] In any of the preceding embodiments , at least one 
of the proteins can be associated with two or more recording 
tags , wherein the two or more recording tags can be the same 
or different . 
[ 0026 ] In any of the preceding embodiments , at least one 
of the agents can comprise two or more coding tags , wherein 
the two or more coding tags can be the same or different . 
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[ 0027 ] In any of the preceding embodiments , the transfer 
of information can be accomplished by ligation ( e.g. , an 
enzymatic or chemical ligation , a splint ligation , a sticky end 
ligation , a single - strand ( ss ) ligation such as a ssDNA 
ligation , or any combination thereof ) , a polymerase - medi 
ated reaction ( e.g. , primer extension of single - stranded 
nucleic acid or double - stranded nucleic acid ) , or any com 
bination thereof . In some embodiments , the ligation and / or 
polymerase - mediated reaction have faster kinetics relative 
to the binding occupancy time or reaction time between the 
protein and the small molecule , peptide or peptide mimetic , 
peptidomimetic ( e.g. , peptoid , B - peptide , or D - peptide pep 
tidomimetic ) , polysaccharide , or aptamer , optionally 
wherein a reagent for the ligation and / or polymerase - medi 
ated reaction is present in the same reaction volume as the 
binding or reaction between the protein and the small 
molecule , peptide or peptide mimetic , peptidomimetic ( e.g. , 
peptoid , B - peptide , or D - peptide peptidomimetic ) , polysac 
charide , or aptamer . 
[ 0028 ] In any of the preceding embodiments , each protein 
can associate with its recording tag via individual attach 
ment , and / or wherein each small molecule , peptide or pep 
tide mimetic , peptidomimetic ( e.g. , peptoid , B - peptide , or 
D - peptide peptidomimetic ) , polysaccharide , or aptamer can 
associate with its coding tag via individual attachment . In 
some embodiments , the attachment occurs via ribosome or 
mRNA / cDNA display in which the recording tag and / or 
coding tag sequence information is contained in the mRNA 
sequence . In some embodiments , the recording tag and / or 
coding tag comprise a universal primer sequence , a barcode , 
and / or a spacer sequence at the 3 ' end of the mRNA 
sequence . In some embodiments , the recording tag and / or 
coding tag , at the 3 ' end , further comprise a restriction 
enzyme digestion site . 
[ 0029 ] In any of the preceding embodiments , the set of 
proteins can be a proteome or subset thereof , optionally 
wherein the set of proteins are produced using in vitro 
transcription of a genome or subset thereof followed by in 
vitro translation , or produced using in vitro translation of a 
transcriptome or subset thereof . 
[ 0030 ] In any of the preceding embodiments , the set of 
proteins can be a kinome ; a secretome ; a receptome ( e.g. , 
GPCRome ) ; an immunoproteome ; a nutriproteome ; a pro 
teome subset defined by a post - translational modification 
( e.g. , phosphorylation , ubiquitination , methylation , acety 
lation , glycosylation , oxidation , lipidation , and / or nitrosy 
lation ) , such as a phosphoproteome ( e.g. , phosphotyrosine 
proteome , tyrosine - kinome , and tyrosine - phosphatome ) , a 
glycoproteome , etc .; a proteome subset associated with a 
tissue or organ , a developmental stage , or a physiological or 
pathological condition ; a proteome subset associated a cel 
lular process , such as cell cycle , differentiation ( or de 
differentiation ) , cell death , senescence , cell migration , trans 
formation , or metastasis ; or any subset thereof , or any 
combination thereof . 
[ 0031 ] In any of the preceding embodiments , the set of 
proteins can be from a mammal such as human , a non 
human animal , a fish , an invertebrate , an arthropod , an 
insect , or a plant , a fungus , e.g. , a yeast , a bacterium , e.g. , 
E. coli , a virus , e.g. , HIV or HCV , or a combination thereof . 
[ 0032 ] In any of the preceding embodiments , the set of 
proteins can comprise a protein complex or subunit thereof . 
[ 0033 ] In any of the preceding embodiments , the record 
ing tag can comprise a nucleic acid , an oligonucleotide , a 

modified oligonucleotide , a DNA molecule , a DNA with 
pseudo - complementary bases , an RNA molecule , a BNA 
molecule , an XNA molecule , a LNA molecule , a PNA 
molecule , a yPNA molecule , or a morpholino , or a combi 
nation thereof . 
[ 0034 ] In any of the preceding embodiments , the record 
ing tag can comprise a universal priming site . In any of the 
preceding embodiments , the recording tag can comprise a 
priming site for amplification , sequencing , or both , for 
example , the universal priming site comprises a priming site 
for amplification , sequencing , or both . In any of the preced 
ing embodiments , the recording tag can comprise a unique 
molecule identifier ( UMI ) . In any of the preceding embodi 
ments , the recording tag can comprise a barcode . In any of 
the preceding embodiments , the recording tag can comprise 
a spacer at its 3 ' - terminus . 
[ 0035 ] In any of the preceding embodiments , the support 
can be a solid support , such as a rigid solid support , a flexible 
solid support , or a soft solid support , and including a porous 
support or a non - porous support . 
[ 0036 ] In any of the preceding embodiments , the support 
can comprise a bead , a porous bead , a magnetic bead , a 
paramagnetic bead , a porous matrix , an array , a surface , a 
glass surface , a silicon surface , a plastic surface , a slide , a 
filter , nylon , a chip , a silicon wafer chip , a flow through chip , 
a biochip including signal transducing electronics , a well , a 
microtitre well , a plate , an ELISA plate , a disc , a spinning 
interferometry disc , a membrane , a nitrocellulose mem 
brane , a nitrocellulose - based polymer surface , a nanopar 
ticle ( e.g. , comprising a metal such as magnetic nanopar 
ticles ( Fe , 04 ) , gold nanoparticles , and / or silver 
nanoparticles ) , quantum dots , a nanoshell , a nanocage , a 
microsphere , or any combination thereof . 
[ 0037 ] In any of the preceding embodiments , the support 
can comprise a polystyrene bead , a polymer bead , an aga 
rose bead , an acrylamide bead , a solid core bead , a porous 
bead , a magnetic bead , a paramagnetic bead , a glass bead , or 
a controlled pore bead , or any combination thereof . 
[ 0038 ] In any of the preceding embodiments , the method 
can be used for parallel analysis of the interaction between 
the set of proteins and the library of small molecules , and / or 
peptides or peptide mimetics , and / or peptidomimetics ( e.g. , 
peptoids , B - peptides , or D - peptide peptidomimetics ) , and / or 
polysaccharides , and / or aptamers , in order to create a small 
molecule - protein binding matrix , and / or a peptide / peptide 
mimetic - protein binding matrix , and / or a peptidomimetic 
protein binding matrix ( e.g. , a peptoid - protein binding 
matrix , a B - peptide - protein binding matrix , or a D - peptide 
peptidomimetic - protein binding matrix ) , and / or a polysac 
charide - protein binding matrix , and / or an aptamer - protein 
binding matrix . In some aspects , the matrix size is of about 
10 % , about 103 , about 104 , about 10 % , about 10 % , about 107 , 
about 108 , about 10 ° , about 1010 , about 1011 , about 1012 , 
about 1013 , about 1014 , or more , for example , of about 
2x1013 
[ 0039 ] In any of the preceding embodiments , the coding 
tag can comprise a nucleic acid , an oligonucleotide , a 
modified oligonucleotide , a DNA molecule , a DNA with 
pseudo - complementary bases , an RNA molecule , a BNA 
molecule , an XNA molecule , a LNA molecule , a PNA 
molecule , a yPNA molecule , or a morpholino , or a combi 
nation thereof . 
[ 0040 ] In any of the preceding embodiments , the coding 
tag can comprise an encoder sequence that identifies the 
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small molecule , peptide or peptide mimetic , peptidomimetic 
( e.g. , peptoid , B - peptide , or D - peptide peptidomimetic ) , 
polysaccharide , or aptamer . 
[ 0041 ] In any of the preceding embodiments , the coding 
tag can comprise a spacer , a unique molecular identifier 
( UMI ) , a universal priming site , or any combination thereof . 
[ 0042 ] In any of the preceding embodiments , the small 
molecule , peptide or peptide mimetic , peptidomimetic ( e.g. , 
peptoid , B - peptide , or D - peptide peptidomimetic ) , polysac 
charide , or aptamer and the coding tag can be joined by a 
linker or a binding pair . 
[ 0043 ] In any of the preceding embodiments , the small 
molecule , peptide or peptide mimetic , peptidomimetic ( e.g. , 
peptoid , B - peptide , or D - peptide peptidomimetic ) , polysac 
charide , or aptamer and the coding tag can be joined by a 
SpyTag - KTag / SpyLigase ( where two moieties to be joined 
have the SpyTag / KTag pair , and the SpyLigase joins SpyTag 
to KTag , thus joining the two moieties ) , a SpyTag / Spy 
Catcher , a SnoopTag / SnoopCatcher peptide - protein pair , a 
sortase , such as a LPXTG Tag / Sortase ( e.g. , Sortase A5 , 
ActiveMotif , San Diego , or as disclosed in U.S. Pat . No. 
9,267,127 B2 which is incorporated herein by reference ) , or 
a HaloTag / HaloTag ligand pair , or any combination thereof . 
[ 0044 ] In another aspect , disclosed herein is a method for 
analyzing a polypeptide , comprising : ( a ) contacting ( i ) a set 
of fragments of a polypeptide , wherein each fragment is 
associated directly or indirectly with a recording tag , with 
( ii ) a library of binding agents , wherein each binding agent 
comprises a binding moiety and a coding tag comprising 
identifying information regarding the binding moiety , 
wherein the binding moiety is capable of binding to one or 
more N - terminal , internal , or C - terminal amino acids of the 
fragment , or capable of binding to the one or more N - ter 
minal , internal , or C - terminal amino acids modified by a 
functionalizing reagent , and wherein each fragment and / or 
its associated recording tag , or each binding agent , is immo 
bilized directly or indirectly to a support ; ( b ) allowing 
transfer of information between ( i ) the recording tag asso 
ciated with each fragment and ( ii ) the coding tag , upon 
binding between the binding moiety and the one or more 
N - terminal , internal , or C - terminal amino acids of the frag 
ment , to generate an extended recording tag and / or an 
extended coding tag ; and ( c ) analyzing the extended record 
ing tag and / or the extended coding tag . In some embodi 
ments , the one or more N - terminal , internal , or C - terminal 
amino acids comprise : ( i ) an N - terminal amino acid 
( NTAA ) ; ( ii ) an N - terminal dipeptide sequence ; ( iii ) an 
N - terminal tripeptide sequence ; ( iv ) an internal amino acid ; 
( v ) an internal dipeptide sequence ; ( vi ) an internal tripeptide 
sequence ; ( vii ) a C - terminal amino acid ( CTAA ) ; ( viii ) a 
C - terminal dipeptide sequence ; or ( ix ) a C - terminal tripep 
tide sequence , or any combination thereof , optionally 
wherein any one or more of the amino acid residues in 
( i ) - ( ix ) are modified or functionalized . In some embodi 
ments , the one or more N - terminal , internal , or C - terminal 
amino acids are selected , independently at each residue , 
from the group consisting of Alanine ( A or Ala ) , Cysteine ( C 
or Cys ) , Aspartic Acid ( D or Asp ) , Glutamic Acid ( E or Glu ) , 
Phenylalanine ( F or Phe ) , Glycine ( G or Gly ) , Histidine ( H 
or His ) , Isoleucine ( I or Ile ) , Lysine ( K or Lys ) , Leucine ( L 
or Leu ) , Methionine ( M or Met ) , Asparagine ( N or Asn ) , 
Proline ( P or Pro ) , Glutamine ( Q or Gln ) , Arginine ( R or 

Arg ) , Serine ( S or Ser ) , Threonine ( T or Thr ) , Valine ( V or 
Val ) , Tryptophan ( W or Trp ) , and Tyrosine ( Y or Tyr ) , in any 
combination thereof . 
[ 0045 ] In any of the preceding embodiments , the binding 
moiety can comprise a polypeptide or fragment thereof , a 
protein or polypeptide chain or fragment thereof , or a protein 
complex or subunit thereof , such as an antibody or antigen 
binding fragment thereof . 
[ 0046 ] In any of the preceding embodiments , the binding 
moiety can comprise an anticalin or variant , mutant , or 
modified protein thereof ; an aminoacyl tRNA synthetase or 
variant , mutant , or modified protein thereof ; an anticalin or 
variant , mutant , or modified protein thereof ; a Clps or 
variant , mutant , or modified protein thereof ; a UBR box 
protein or variant , mutant , or modified protein thereof ; or a 
modified small molecule that binds amino acid ( s ) , i.e. van 
comycin or a variant , mutant , or modified molecule thereof ; 
or any combination thereof . 
[ 0047 ] In any of the preceding embodiments , the binding 
moiety may selectively and / or specifically bind to a func 
tionalized N - terminal amino acid ( NTAA ) , an N - terminal 
dipeptide sequence , or an N - terminal tripeptide sequence , or 
any combination thereof . 
[ 0048 ] In one other aspect , disclosed herein is a method 
for analyzing a plurality of polypeptides , comprising : ( a ) 
labeling each molecule of a plurality of polypeptides with a 
plurality of universal tags ; ( b ) contacting the plurality of 
polypeptides with a plurality of compartment tags , under a 
condition suitable for annealing or joining of the plurality of 
universal tags with the plurality of compartment tags , 
thereby partitioning the plurality of polypeptides into a 
plurality of compartments ( e.g. , a bead surface , a microflu 
idic droplet , a microwell , or a separated region on a surface , 
or any combination thereof ) , wherein the plurality of com 
partment tags are the same within each compartment and are 
different from the compartment tags of other compartments ; 
( c ) fragmenting the polypeptide ( s ) in each compartment , 
thereby generating a set of polypeptide fragments each 
associated with a recording tag comprising at least one 
universal polynucleotide tag and at least one compartment 
tag ; ( d ) immobilizing the set of polypeptide fragments , 
directly or indirectly , to a support ; ( e ) contacting the immo 
bilized set of polypeptide fragments with a library of binding 
agents , wherein each binding agent comprises a binding 
moiety and a coding tag comprising identifying information 
regarding the binding moiety , wherein the binding moiety is 
capable of binding to one or more N - terminal , internal , or 
C - terminal amino acids of the fragment , or capable of 
binding to the one or more N - terminal , internal , or C - ter 
minal amino acids modified by a functionalizing reagent ; ( f ) 
allowing transfer of information between ( i ) the recording 
tag associated with each fragment and ( ii ) the coding tag , 
upon binding between the binding moiety and the one or 
more N - terminal , internal , or C - terminal amino acids of the 
fragment , to generate an extended recording tag and / or an 
extended coding tag ; and ( g ) analyzing the extended record 
ing tag and / or the extended coding tag . In some embodi 
ments , the plurality of polypeptides with the same compart 
ment tag belong to the same protein . In some embodiments , 
the plurality of polypeptides with the same compartment tag 
belong to different proteins , for example , two , three , four , 
five , six , seven , eight , nine , ten , or more proteins . 
[ 0049 ] In any of the preceding embodiments , the plurality 
of compartment tags can be immobilized to a plurality of 
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substrates , with each substrate defining a compartment . In 
some embodiments , the plurality of substrates are selected 
from the group consisting of a bead , a porous bead , a 
magnetic bead , a paramagnetic bead , a porous matrix , an 
array , a surface , a glass surface , a silicon surface , a plastic 
surface , a slide , a filter , nylon , a chip , a silicon wafer chip , 
a flow through chip , a biochip including signal transducing 
electronics , a well , a microtitre well , a plate , an ELISA plate , 
a disc , a spinning interferometry disc , a membrane , a nitro 
cellulose membrane , a nitrocellulose - based polymer surface , 
a nanoparticle ( e.g. , comprising a metal such as magnetic 
nanoparticles ( Fe , 04 ) , gold nanoparticles , and / or silver nan 
oparticles ) , quantum dots , a nanoshell , a nanocage , a micro 
sphere , or any combination thereof . 
[ 0050 ] In any of the preceding embodiments , each of the 
plurality of substrates can comprise a barcoded particle , such 
as a bar - coded bead , e.g. , a polystyrene bead , a polymer 
bead , an agarose bead , an acrylamide bead , a solid core 
bead , a porous bead , a magnetic bead , a paramagnetic bead , 
a glass bead , or a controlled pore bead , or any combination 
thereof . 
[ 0051 ] In any of the preceding embodiments , the support 
can be selected from the group consisting of a bead , a porous a 
bead , a magnetic bead , a paramagnetic bead , a porous 
matrix , an array , a surface , a glass surface , a silicon surface , 
a plastic surface , a slide , a filter , nylon , a chip , a silicon 
wafer chip , a flow through chip , a biochip including signal 
transducing electronics , a well , a microtitre well , a plate , an 
ELISA plate , a disc , a spinning interferometry disc , a 
membrane , a nitrocellulose membrane , a nitrocellulose 
based polymer surface , a nanoparticle ( e.g. , comprising a 
metal such as magnetic nanoparticles ( Fe , 04 ) , gold nan 
oparticles , and / or silver nanoparticles ) , quantum dots , a 
nanoshell , a nanocage , a microsphere , or any combination 
thereof . In some embodiments , the support comprises a 
sequencing bead , e.g. , a polystyrene bead , a polymer bead , 
an agarose bead , an acrylamide bead , a solid core bead , a 
porous bead , a magnetic bead , a paramagnetic bead , a glass 
bead , or a controlled pore bead , or any combination thereof . 
[ 0052 ] In any of the preceding embodiments , each frag 
ment and its associated recording tag can be spaced apart 
from other fragments and their associated recording tags on 
the support at an average distance equal to or greater than 
about 20 nm , equal to or greater than about 50 nm , equal to 
or greater than about 100 nm , equal to or greater than about 
150 nm , equal to or greater than about 200 nm , equal to or 
greater than about 250 nm , equal to or greater than about 300 
nm , equal to or greater than about 350 nm , equal to or greater 
than about 400 nm , equal to or greater than about 450 nm , 
equal to or greater than about 500 nm , equal to or greater 
than about 550 nm , equal to or greater than about 600 nm , 
equal to or greater than about 650 nm , equal to or greater 
than about 700 nm , equal to or greater than about 750 nm , 
equal to or greater than about 800 nm , equal to or greater 
than about 850 nm , equal to or greater than about 900 nm , 
equal to or greater than about 950 nm , or equal to or greater 
than about 1 um . 
[ 0053 ] In yet another aspect , disclosed herein is a method 
for analyzing a plurality of polypeptides , comprising : ( a ) 
immobilizing a plurality of polypeptides to a plurality of 
substrates , wherein each substrate comprises a plurality of 
recording tags each comprising a compartment tag , option 
ally wherein each compartment is a bead , a microfluidic 
droplet , a microwell , or a separated region on a surface , or 

any combination thereof ; ( b ) fragmenting ( e.g. , by a protease 
digestion , the polypeptide ( s ) immobilized on each substrate , 
thereby generating a set of polypeptide fragments immobi 
lized to the substrate ; ( c ) contacting the immobilized set of 
polypeptide fragments with a library of binding agents , 
wherein each binding agent comprises a binding moiety and 
a coding tag comprising identifying information regarding 
the binding moiety , wherein the binding moiety is capable of 
binding to one or more N - terminal , internal , or C - terminal 
amino acids of the fragment , or capable of binding to the one 
or more N - terminal , internal , or C - terminal amino acids 
modified by a functionalizing reagent ; ( d ) allowing transfer 
of information between ( i ) the recording tag and ( ii ) the 
coding tag , upon binding between the binding moiety and 
the one or more N - terminal , internal , or C - terminal amino 
acids of each fragment , to generate an extended recording 
tag and / or an extended coding tag ; and ( e ) analyzing the 
extended recording tag and / or the extended coding tag . In 
some embodiments , the plurality of polypeptides with the 
same compartment tag belong to the same protein . In some 
embodiments , the plurality of polypeptides with the same 
compartment tag belong to different proteins , for example , 
two , three , four , five , six , seven , eight , nine , ten , or more 
proteins . 
[ 0054 ] In any of the preceding embodiments , each sub 
strate may define a compartment . 
[ 0055 ] In any of the preceding embodiments , the plurality 
of substrates can be selected from the group consisting of a 
bead , a porous bead , a porous matrix , an array , a surface , a 
glass surface , a silicon surface , a plastic surface , a slide , a 
filter , nylon , a chip , a silicon wafer chip , a flow through chip , 
a biochip including signal transducing electronics , a well , a 
microtitre well , a plate , an ELISA plate , a disc , a spinning 
interferometry disc , a membrane , a nitrocellulose mem 
brane , a nitrocellulose - based polymer surface , a nanopar 
ticle ( e.g. , comprising a metal such as magnetic nanopar 
ticles ( Fe3O4 ) , gold nanoparticles , nanoparticles , and / or silver 
nanoparticles ) , quantum dots , a nanoshell , a nanocage , a 
microsphere , or any combination thereof . 
[ 0056 ] In any of the preceding embodiments , each of the 
plurality of substrates can comprise a bar - coded particle , 
such as a bar - coded bead , e.g. , a polystyrene bead , a polymer 
bead , an agarose bead , an acrylamide bead , a solid core 
bead , a porous bead , a magnetic bead , a paramagnetic bead , 
a glass bead , or a controlled pore bead , or any combination 
thereof . 
[ 0057 ] In any of the preceding embodiments , the func 
tionalizing reagent can comprise a chemical agent , an 
enzyme , and / or a biological agent , such as an isothiocyanate 
derivative , 2,4 - dinitrobenzenesulfonic ( DNBS ) , 4 - sulfonyl 
2 - nitrofluorobenzene ( SNFB ) 1 - fluoro - 2,4 - dinitrobenzene , 
dansyl chloride , 7 - methoxycoumarin acetic acid , a thioacy 
lation reagent , a thioacetylation reagent , or a thiobenzylation 
reagent . 
[ 0058 ] In any of the preceding embodiments , the record 
ing tag can comprise a nucleic acid , an oligonucleotide , a 
modified oligonucleotide , a DNA molecule , a DNA with 
pseudo - complementary bases , an RNA molecule , a BNA 
molecule , an XNA molecule , a LNA molecule , a PNA 
molecule , a yPNA molecule , or a morpholino , or a combi 
nation thereof . 
[ 0059 ] In any of the preceding embodiments , the record 
ing tag can comprise a universal priming site ; a priming site 
for amplification , sequencing , or both ; optionally , a unique 
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a molecule identifier ( UMI ) ; a barcode ; optionally , a spacer at 
its 3 ' - terminus ; or a combination thereof . 
[ 0060 ] In any of the preceding embodiments , the method 
can be used for determining the sequence ( s ) of the polypep 
tide or plurality of polypeptides . 
[ 0061 ] In any of the preceding embodiments , the coding 
tag can comprise a nucleic acid , an oligonucleotide , a 
modified oligonucleotide , a DNA molecule , a DNA with 
pseudo - complementary bases , an RNA molecule , a BNA 
molecule , an XNA molecule , a LNA molecule , a PNA 
molecule , a yPNA molecule , or a morpholino , or a combi 
nation thereof . 
[ 0062 ] In any of the preceding embodiments , the coding 
tag can comprise an encoder sequence , an optional spacer , 
an optional unique molecular identifier ( UMI ) , a universal 
priming site , or any combination thereof . 
[ 0063 ] In any of the preceding embodiments , the binding 
moiety and the coding tag can be joined by a linker or a 
binding pair . 
[ 0064 ] In any of the preceding embodiments , the binding 
moiety and the coding tag can be joined by a SpyTag - KTag 
SpyLigase ( where two moieties to be joined have the 
SpyTag / KTag pair , and the SpyLigase joins SpyTag to KTag , 
thus joining the two moieties ) , a SpyTag / SpyCatcher , a 
Snoop Tag / SnoopCatcher peptide - protein pair , a sortase , 
such as a LPXTG Tag / Sortase ( e.g. , Sortase A5 , Active Mo 
tif , San Diego , or as disclosed in U.S. Pat . No. 9,267,127 B2 
which is incorporated herein by reference ) , or a HaloTag 
HaloTag ligand pair , or any combination thereof . 
[ 0065 ] In any of the preceding embodiments , the coding 
tag and / or the recording tag can comprise one or more error 
correcting codes , one or more encoder sequences , one or 
more barcodes , one or more UMIs , one or more compart 
ment tags , or any combination thereof . In some embodi 
ments , the error correcting code is selected from Hamming 
code , Lee distance code , asymmetric Lee distance code , 
Reed - Solomon code , and Levenshtein - Tenengolts code . 
[ 0066 ] In any of the preceding embodiments , analyzing 
the extended recording tag and / or extended coding tag can 
comprise a nucleic acid sequence analysis . In some embodi 
ments , the nucleic acid sequence analysis comprises a 
nucleic acid sequencing method , such as sequencing by 
synthesis , sequencing by ligation , sequencing by hybridiza 
tion , polony sequencing , ion semiconductor sequencing , or 
pyrosequencing , or any combination thereof . In some 
embodiments , the nucleic acid sequencing method is single 
molecule real - time sequencing , nanopore - based sequencing , 
or direct imaging of DNA using advanced microscopy . 
[ 0067 ] In any of the preceding embodiments , the method 
can further comprise one or more washing steps . 
[ 0068 ] In any of the preceding embodiments , the extended 
recording tag and / or extended coding tag can be amplified 
prior to analysis . 
[ 0069 ] In any of the preceding embodiments , the extended 
recording tag and / or extended coding tag can undergo a 
target enrichment assay prior to analysis . 
[ 0070 ] In any of the preceding embodiments , the extended 
recording tag and / or extended coding tag can undergo a 
subtraction assay prior to analysis . 
[ 0071 ] In one aspect , disclosed herein is a kit , comprising : 
( a ) a library of agents , wherein each agent comprises 
small molecule , peptide or peptide mimetic , peptidomimetic 
( e.g. , peptoid , B - peptide , or D - peptide peptidomimetic ) , 
polysaccharide , and / or aptamer , and ( ii ) a coding tag com 

prising identifying information regarding the small mol 
ecule , peptide or peptide mimetic , peptidomimetic ( e.g. , 
peptoid , B - peptide , or D - peptide peptidomimetic ) , polysac 
charide , or aptamer ; and optionally ( b ) a set of proteins , 
wherein each protein is associated directly or indirectly with 
a recording tag , wherein each protein and / or its associated 
recording tag , or each agent , is immobilized directly or 
indirectly to a support , and wherein the set of proteins , the 
recording tags , and the library of agents are configured to 
allow information transfer between ( i ) the recording tag 
associated with each protein that binds and / or reacts with the 
small molecule ( s ) , peptide ( s ) or peptide mimetic ( s ) , pep 
tidomimetic ( s ) ( e.g. , peptoid ( s ) , B - peptide ( s ) , or D - peptide 
peptidomimetic ( s ) ) , polysaccharide ( s ) , or aptamer ( s ) of one 
or more agents , and ( ii ) the coding tag of the one or more 
agents , to generate an extended recording tag and / or an 
extended coding tag . 
[ 0072 ] In another aspect , disclosed herein is a kit for 
analyzing a polypeptide , comprising : ( a ) a library of binding 
agents , wherein each binding agent comprises a binding 
moiety and a coding tag comprising identifying information 
regarding the binding moiety , wherein the binding moiety is 
capable of binding to one or more N - terminal , internal , or 
C - terminal amino acids of the fragment , or capable of 
binding to the one or more N - terminal , internal , or C - ter 
minal amino acids modified by a functionalizing reagent ; 
and optionally ( b ) a set of fragments of a polypeptide , 
wherein each fragment is associated directly or indirectly 
with a recording tag , or ( b ' ) a means for fragmenting a 
polypeptide , such as a protease , wherein each fragment 
and / or its associated recording tag , or each binding agent , is 
immobilized directly or indirectly to a support , and wherein 
the set of fragments of a polypeptide , the recording tags , and 
the library of binding agents are configured to allow transfer 
of information between ( i ) the recording tag associated with 
each fragment and ( ii ) the coding tag , upon binding between 
the binding moiety and the one or more N - terminal , internal , 
or C - terminal amino acids of the fragment , to generate an 
extended recording tag and / or an extended coding tag . 
[ 0073 ] In yet another aspect , disclosed herein is a kit for 
analyzing a plurality of polypeptides , comprising : ( a ) a 
library of binding agents , wherein each binding agent com 
prises a binding moiety and a coding tag comprising iden 
tifying information regarding the binding moiety , wherein 
the binding moiety is capable of binding to one or more 
N - terminal , internal , or C - terminal amino acids of the frag 
ment , or capable of binding to the one or more N - terminal , 
internal , or C - terminal amino acids modified by a function 
alizing reagent ; and ( b ) a plurality of substrates , optionally 
with a plurality of polypeptides immobilized thereto , 
wherein each substrate comprises a plurality of recording 
tags each comprising a compartment tag , optionally wherein 
each compartment is a bead , a microfluidic droplet , a 
microwell , or a separated region on a surface , or any 
combination thereof , wherein the polypeptide ( s ) immobi 
lized on each substrate are configured to be fragmented ( e.g. , 
by a protease cleavage ) to generate a set of polypeptide 
fragments immobilized to the substrate , wherein the plural 
ity of polypeptides , the recording tags , and the library of 
binding agents are configured to allow transfer of informa 
tion between ( i ) the recording tag and ( ii ) the coding tag , 
upon binding between the binding moiety and the one or 
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more N - terminal , internal , or C - terminal amino acids of each 
fragment , to generate an extended recording tag and / or an 
extended coding tag . 
[ 0074 ] In one aspect , also disclosed herein are kits and kit 
components in the following Embodiments . In a further 
aspect , disclosed herein are methods of using the kits and kit 
components in the following Embodiments . 
[ 0075 ] Embodiment 1. A kit , comprising : ( a ) a recording 
tag configured to associate directly or indirectly with an 
analyte ; ( b ) ( i ) a coding tag which comprises identifying 
information regarding a binding moiety capable of binding 
to the analyte , and which is configured to associate directly 
or indirectly with the binding moiety to form a binding 
agent , and / or ( ii ) a label , wherein the recording tag and the 
coding tag are configured to allow transfer of information 
between them , upon binding between the binding agent and 
the analyte ; and optionally ( c ) the binding moiety . 
[ 0076 ] Embodiment 2. The kit of Embodiment 1 , wherein 
the recording tag and / or the analyte are configured to be 
immobilized directly or indirectly to a support . 
[ 0077 ] Embodiment 3. The kit of Embodiment 2 , wherein 
the recording tag is configured to be immobilized to the 
support , thereby immobilizing the analyte associated with 
the recording tag . 
[ 0078 ] Embodiment 4. The kit of Embodiment 2 , wherein 
the analyte is configured to be immobilized to the support , 
thereby immobilizing the recording tag associated with the 
analyte . 
[ 0079 ] Embodiment 5. The kit of Embodiment 2 , wherein 
each of the recording tag and the analyte is configured to be 
immobilized to the support . 
[ 0080 ] Embodiment 6. The kit of Embodiment 5 , wherein 
the recording tag and the analyte are configured to co 
localize when both are immobilized to the support . 
[ 0081 ] Embodiment 7. The kit of any of Embodiments 
1-6 , further comprising an immobilizing linker configured 
to : ( i ) be immobilized directly or indirectly to a support , and 
( ii ) associate directly or indirectly with the recording tag 
and / or the analyte . 
[ 0082 ] Embodiment 8. The kit of Embodiment 7 , wherein 
the immobilizing linker is configured to associate with the 
recording tag and the analyte . 
[ 0083 ] Embodiment 9. The kit of Embodiment 7 or 8 , 
wherein the immobilizing linker is configured to be immo 
bilized directly to the support , thereby immobilizing the 
recording tag and / or the analyte which are associated with 
the immobilizing linker . 
[ 0084 ] Embodiment 10. The kit of any one of Embodi 
ments 2-9 , further comprising the support . 
[ 0085 ) Embodiment 11. The kit of any one of Embodi 
ments 1-10 , further comprising one or more reagents for 
transferring information between the coding tag and the 
recording tag , upon binding between the binding agent and 
the analyte . 
[ 0086 ] Embodiment 12. The kit of Embodiment 11 , 
wherein the one or more reagents are configured to transfer 
information from the coding tag to the recording tag , thereby 
generating an extended recording tag . 
[ 0087 ] Embodiment 13. The kit of Embodiment 11 , 
wherein the one or more reagents are configured to transfer 
information from the recording tag to the coding tag , thereby 
generating an extended coding tag . 
[ 0088 ] Embodiment 14. The kit of Embodiment 11 , 
wherein the one or more reagents are configured to generate 

a di - tag construct comprising information from the coding 
tag and information from the recording tag . 
[ 0089 ] Embodiment 15. The kit of any one of Embodi 
ments 1-14 , which comprises at least two of the recording 
tags . 
[ 0090 ] Embodiment 16. The kit of any one of Embodi 
ments 1-15 , which comprises at least two of the coding tags 
each comprising identifying information regarding its asso 
ciated binding moiety . 
[ 0091 ] Embodiment 17. The kit of any one of Embodi 
ments 1-16 , which comprises at least two of the binding 
agents . 
[ 0092 ] Embodiment 18. The kit of Embodiment 17 , which 
comprises : ( i ) one or more reagents for transferring infor 
mation from a first coding tag of a first binding agent to the 
recording tag to generate a first order extended recording 
tag , upon binding between the first binding agent and the 
analyte , and / or ( ii ) one or more reagents for transferring 
information from a second coding tag of a second binding 
agent to the first order extended recording tag to generate a 
second order extended recording tag , upon binding between 
the second binding agent and the analyte , wherein the one or 
more reagents of ( i ) and the one or more reagents of ( ii ) can 
be the same or different . 
[ 0093 ] Embodiment 19. The kit of Embodiment 18 , which 
further comprises : ( iii ) one or more reagents for transferring 
information from a third ( or higher order ) coding tag of a 
third ( or higher order ) binding agent to the second order 
extended recording tag to generate a third ( or higher order ) 
order extended recording tag , upon binding between the 
third ( or higher order ) binding agent and the analyte . 
[ 0094 ] Embodiment 20. The kit of Embodiment 17 , which 
comprises : ( i ) one or more reagents for transferring infor 
mation from a first coding tag of a first binding agent to a 
first recording tag to generate a first extended recording tag , 
upon binding between the first binding agent and the analyte , 
and / or ( ii ) one or more reagents for transferring information 
from a second coding tag of a second binding agent to a 
second recording tag to generate a second extended record 
ing tag , upon binding between the second binding agent and 
the analyte , wherein the one or more reagents of ( i ) and the 
one or more reagents of ( ii ) can be the same or different . 
[ 0095 ] Embodiment 21. The kit of Embodiment 20 , which 
further comprises : ( iii ) one or more reagents for transferring 
information from a third ( or higher order ) coding tag of a 
third ( or higher order ) binding agent to a third ( or higher 
order ) recording tag to generate a third ( or higher order ) 
extended recording tag , upon binding between the third ( or 
higher order ) binding agent and the analyte . 
[ 0096 ] Embodiment 22. The kit of Embodiment 20 or 21 , 
wherein the first recording tag , the second recording tag , 
and / or the third ( or higher order ) recording tag are config 
ured to associate directly or indirectly with the analyte . 
[ 0097 ] Embodiment 23. The kit of any one of Embodi 
ments 20-22 , wherein the first recording tag , the second 
recording tag , and / or the third ( or higher order ) recording tag 
are configured to be immobilized on a support . 
[ 0098 ] Embodiment 24. The kit of any one of Embodi 
ments 20-23 , wherein the first recording tag , the second 
recording tag , and / or the third ( or higher order ) recording tag 
are configured to co - localize with the analyte , for example , 
to allow transfer of information between the first , second , or 
third ( or higher order ) coding tag and the first , second , or 
third ( or higher order ) recording tag , respectively , upon 

a 

2 



US 2021/0355483 A1 Nov. 18 , 2021 
8 

n ? 

? 

binding between the first , second , or third ( or higher order ) 
binding agent and the analyte . 
[ 0099 ] Embodiment 25. The kit of any one of Embodi 
ments 20-24 , wherein each of the first coding tag , the second 
coding tag , and / or the third ( or higher order ) coding tag 
comprises a binding cycle specific barcode , such as a 
binding cycle specific spacer sequence Cm , and / or a coding 
tag specific spacer sequence Cn , wherein n is an integer and 
Cn indicates binding between the nth binding agent and the 
polypeptide ; or wherein a binding cycle tag Cn is added 
exogenously , for example , the binding cycle tag Cn may be 
exogenous to the coding tag ( s ) . 
[ 0100 ] Embodiment 26. The kit of any one of Embodi 
ments 1-25 , wherein the analyte comprises a polypeptide . 
[ 0101 ] Embodiment 27. The kit of Embodiment 26 , 
wherein the binding moiety is capable of binding to one or 
more N - terminal or C - terminal amino acids of the polypep 
tide , or capable of binding to the one or more N - terminal or 
C - terminal amino acids modified by a functionalizing 
reagent . 
[ 0102 ] Embodiment 28. The kit of Embodiment 26 or 27 , 
further comprising the functionalizing reagent . 
[ 0103 ] Embodiment 29. The kit of any one of Embodi 
ments 26-28 , further comprising an eliminating reagent for 
removing ( e.g. , by chemical cleavage or enzymatic cleav 
age ) the one or more N - terminal , internal , or C - terminal 
amino acids of the polypeptide , or removing the function 
alized N - terminal , internal , or C - terminal amino acid ( s ) , 
optionally wherein the eliminating reagent comprises a 
carboxypeptidase or an aminopeptidase or variant , mutant , 
or modified protein thereof ; a hydrolase or variant , mutant , 
or modified protein thereof ; a mild Edman degradation 
reagent ; an Edmanase enzyme ; anhydrous TFA , a base ; or 
any combination thereof . 
[ 0104 ] Embodiment 30. The kit of any one of Embodi 
ments 26-29 , wherein the one or more N - terminal , internal , 
or C - terminal amino acids comprise : ( i ) an N - terminal 
amino acid ( NTAA ) ; ( ii ) an N - terminal dipeptide sequence ; 
( iii ) an N - terminal tripeptide sequence ; ( iv ) an internal 
amino acid ; ( v ) an internal dipeptide sequence ; ( vi ) an 
internal tripeptide sequence ; ( vii ) a C - terminal amino acid 
( CTAA ) ; ( viii ) a C - terminal dipeptide sequence ; or ( ix ) a 
C - terminal tripeptide sequence , or any combination thereof , 
optionally wherein any one or more of the amino acid 
residues in ( i ) - ( ix ) are modified or functionalized . 
[ 0105 ] Embodiment 31. A kit , comprising : at least ( a ) a 
first binding agent comprising ( i ) a first binding moiety 
capable of binding to an N - terminal amino acid ( NTAA ) or 
a functionalized NTAA of a polypeptide to be analyzed , and 
( ii ) a first coding tag comprising identifying information 
regarding the first binding moiety , optionally ( b ) a recording 
tag configured to associate directly or indirectly with the 
polypeptide , and further optionally ( c ) a functionalizing 
reagent capable of modifying a first NTAA of the polypep 
tide to generate a first functionalized NTAA , wherein the 
recording tag and the first binding agent are configured to 
allow transfer of information between the first coding tag 
and the recording tag , upon binding between the first binding 
agent and the polypeptide . 
[ 0106 ] Embodiment 32. The kit of Embodiment 31 , fur 
ther comprising one or more reagents for transferring infor 
mation from the first coding tag to the recording tag , thereby 
generating a first order extended recording tag . 

[ 0107 ] Embodiment 33. The kit of Embodiment 31 or 32 , 
wherein the functionalizing reagent comprises a chemical 
agent , an enzyme , and / or a biological agent , such as an 
isothiocyanate derivative , 2,4 - dinitrobenzenesulfonic 
( DNBS ) , 4 - sulfonyl - 2 - nitrofluorobenzene ( SNFB ) 1 - fluoro 
2,4 - dinitrobenzene , dansyl chloride , 7 - methoxycoumarin 
acetic acid , a thioacylation reagent , a thioacetylation 
reagent , or a thiobenzylation reagent . 
[ 0108 ] Embodiment 34. The kit of any one of Embodi 
ments 31-33 , further comprising an eliminating reagent for 
removing ( e.g. , by chemical cleavage or enzymatic cleav 
age ) the first functionalized NTAA to expose the immedi 
ately adjacent amino acid residue , as a second NTAA . 
[ 0109 ] Embodiment 35. The kit of Embodiment 34 , 
wherein the second NTAA is capable of being functionalized 
by the same or a different functionalizing reagent to generate 
a second functionalized NTAA , which may be the same as 
or different from the first functionalized NTAA . 
[ 0110 ] Embodiment 36. The kit of Embodiment 35 , further 
comprising : ( d ) a second ( or higher order ) binding agent 
comprising ( i ) a second ( or higher order ) binding moiety 
capable of binding to the second functionalized NTAA , and 
( ii ) a second ( or higher order ) coding tag comprising iden 
tifying information regarding the second ( or higher order ) 
binding moiety , wherein the first coding tag and the second 
( or higher order ) coding tag can be the same or different . 
[ 0111 ] Embodiment 37. The kit of Embodiment 36 , 
wherein the first functionalized NTAA and the second func 
tionalized NTAA are selected , independent from each other , 
from the group consisting of a functionalized N - terminal 
Alanine ( A or Ala ) , Cysteine ( C or Cys ) , Aspartic Acid ( D 
or Asp ) , Glutamic Acid ( E or Glu ) , Phenylalanine ( F or Phe ) , 
Glycine ( G or Gly ) , Histidine ( H or His ) , Isoleucine ( I or 
Ile ) , Lysine ( K or Lys ) , Leucine ( L or Leu ) , Methionine ( M 
or Met ) , Asparagine ( N or Asn ) , Proline ( P or Pro ) , Gluta 
mine ( Q or Gln ) , Arginine ( R or Arg ) , Serine ( S or Ser ) , 
Threonine ( T or Thr ) , Valine ( V or Val ) , Tryptophan ( Wor 
Trp ) , and Tyrosine ( Y or Tyr ) , in any combination thereof . 
[ 0112 ] Embodiment 38. The kit of Embodiment 36 or 37 , 
further comprising one or more reagents for transferring 
information from the second ( or higher order ) coding tag to 
the first order extended recording tag , thereby generating a 
second ( or higher order ) order extended recording tag . 
[ 0113 ] Embodiment 39. A kit , comprising : at least ( a ) one 
or more binding agents each comprising ( i ) a binding moiety 
capable of binding to an N - terminal amino acid ( NTAA ) or 
a functionalized NTAA of a polypeptide to be analyzed , and 
( ii ) a coding tag comprising identifying information regard 
ing the binding moiety , and / or ( b ) one or more recording 
tags configured to associate directly or indirectly with the 
polypeptide , wherein the one or more recording tags and the 
one or more binding agents are configured to allow transfer 
of information between the coding tags and the recording 
tags , upon binding between each binding agent and the 
polypeptide , and optionally ( c ) a functionalizing reagent 
capable of modifying a first NTAA of the polypeptide to 
generate a first functionalized NTAA . 
[ 0114 ] Embodiment 40. The kit of Embodiment 39 , further 
comprising an eliminating reagent for removing ( e.g. , by 
chemical cleavage or enzymatic cleavage ) the first function 
alized NTAA to expose the immediately adjacent amino acid 
residue , as a second NTAA . 
[ 0115 ] Embodiment 41. The kit of Embodiment 40 , 
wherein the second NTAA is capable of being functionalized 
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by the same or a different functionalizing reagent to generate 
a second functionalized NTAA , which may be the same as 
or different from the first functionalized NTAA . 
[ 0116 ] Embodiment 42. The kit of Embodiment 41 , 
wherein the first functionalized NTAA and the second func 
tionalized NTAA are selected , independent from each other , 
from the group consisting of a functionalized N - terminal 
Alanine ( A or Ala ) , Cysteine ( C or Cys ) , Aspartic Acid ( D 
or Asp ) , Glutamic Acid ( E or Glu ) , Phenylalanine ( F or Phe ) , 
Glycine ( G or Gly ) , Histidine ( H or His ) , Isoleucine ( I or 
Ile ) , Lysine ( K or Lys ) , Leucine ( L or Leu ) , Methionine ( M 
or Met ) , Asparagine ( N or Asn ) , Proline ( P or Pro ) , Gluta 
mine ( Q or Gln ) , Arginine ( R or Arg ) , Serine ( S or Ser ) , 
Threonine ( T or Thr ) , Valine ( V or Val ) , Tryptophan ( W or 
Trp ) , and Tyrosine ( Y or Tyr ) , in any combination thereof . 
[ 0117 ] Embodiment 43. The kit of any one of Embodi 
ments 39-42 , which comprises : ( i ) one or more reagents for 
transferring information from a first coding tag of a first 
binding agent to a first recording tag to generate a first 
extended recording tag , upon binding between the first 
binding agent and the polypeptide , and / or ( ii ) one or more 
reagents for transferring information from a second coding 
tag of a second binding agent to a second recording tag to 
generate a second extended recording tag , upon binding 
between the second binding agent and the polypeptide , 
wherein the one or more reagents of ( i ) and the one or more 
reagents of ( ii ) can be the same or different . 
[ 0118 ] Embodiment 44. The kit of Embodiment 43 , which 
further comprises : ( iii ) one or more reagents for transferring 
information from a third ( or higher der ) coding tag of a 
third ( or higher order ) binding agent to a third ( or higher 
order ) recording tag to generate a third ( or higher order ) 
extended recording tag , upon binding between the third ( or 
higher order ) binding agent and the polypeptide . 
[ 0119 ] Embodiment 45. The kit of Embodiment 43 or 44 , 
wherein the first recording tag , the second recording tag , 
and / or the third ( or higher order ) recording tag are config 
ured to associate directly or indirectly with the polypeptide . 
[ 0120 ] Embodiment 46. The kit of any one of Embodi 
ments 43-45 , wherein the first recording tag , the second 
recording tag , and / or the third ( or higher order ) recording tag 
are configured to be immobilized on a support . 
[ 0121 ] Embodiment 47. The kit of any one of Embodi 
ments 43-46 , wherein the first recording tag , the second 
recording tag , and / or the third ( or higher order ) recording tag 
are configured to co - localize with the polypeptide , for 
example , to allow transfer of information between the first , 
second , or third ( or higher order ) coding tag and the first , 
second , or third ( or higher order ) recording tag , respectively , 
upon binding between the first , second , or third ( or higher 
order ) binding agent and the polypeptide . 
[ 0122 ] Embodiment 48. The kit of any one of Embodi 
ments 43-47 , wherein each of the first coding tag , the second 
coding tag , and / or the third ( or higher order ) coding tag 
comprises a binding cycle specific barcode , such as a 
binding cycle specific spacer sequence Cn , and / or a coding 
tag specific spacer sequence Cn , wherein n is an integer and 
C , indicates binding between the nth binding agent and the 
polypeptide . Alternatively , a binding cycle tag Cn may be 
added exogenously , for example , the binding cycle tag C 
may be exogenous to the coding tag ( s ) . 
[ 0123 ] Embodiment 49. The kit of any one of Embodi 
ments 1-48 , wherein the analyte or the polypeptide com 

prises a protein or a polypeptide chain or a fragment thereof , 
a lipid , a carbohydrate , or a macrocycle . 
[ 0124 ] Embodiment 50. The kit of any one of Embodi 
ments 1-49 , wherein the analyte or the polypeptide com 
prises a macromolecule or a complex thereof , such as a 
protein complex or subunit thereof . 
[ 0125 ] Embodiment 51. The kit of any one of Embodi 
ments 1-50 , wherein the recording tag comprises a nucleic 
acid , an oligonucleotide , a modified oligonucleotide , a DNA 
molecule , a DNA with pseudo - complementary bases , a 
DNA with protected bases , an RNA molecule , a BNA 
molecule , an XNA molecule , a LNA molecule , a PNA 
molecule , a YPNA molecule , or a morpholino , or a combi 
nation thereof . 
[ 0126 ] Embodiment 52. The kit of any one of Embodi 
ments 1-51 , wherein the recording tag comprises a universal 
priming site . 
[ 0127 ] Embodiment 53. The kit of any one of Embodi 
ments 1-52 , wherein the recording tag comprises a priming 
site for amplification , sequencing , or both , for example , the 
universal priming site comprises a priming site for ampli 
fication , sequencing , or both . 
[ 0128 ] Embodiment 54. The kit of any one of Embodi 
ments 1-53 , wherein the recording tag comprises a unique 
molecule identifier ( UMI ) . 
[ 0129 ] Embodiment 55. The kit of any one of Embodi 
ments 1-54 , wherein the recording tag comprises a barcode . 
[ 0130 ] Embodiment 56. The kit of any one of Embodi 
ments 1-55 , wherein the recording tag comprises a spacer at 
its 3 ' - terminus . 
[ 0131 ] Embodiment 57. The kit of any one of Embodi 
ments 1-56 , comprising a solid support , such as a rigid solid 
support , a flexible solid support , or a soft solid support , and 
including a porous support or a non - porous support . 
[ 0132 ] Embodiment 58. The kit of any one of Embodi 
ments 1-57 , comprising a support comprising a bead , a 
porous bead , a porous matrix , an array , a surface , a glass 
surface , a silicon surface , a plastic surface , a slide , a filter , 
nylon , a chip , a silicon wafer chip , a flow through chip , a 
biochip including signal transducing electronics , a well , a 
microtitre well , a plate , an ELISA plate , a disc , a spinning 
interferometry disc , a membrane , a nitrocellulose mem 
brane , a nitrocellulose - based polymer surface , a nanopar 
ticle ( e.g. , comprising a metal such as magnetic nanopar 
ticles ( Fe , 04 ) , gold nanoparticles , and / or silver 
nanoparticles ) , quantum dots , a nanoshell , a nanocage , a 
microsphere , or any combination thereof . 
[ 0133 ] Embodiment 59. The kit of Embodiment 58 , 
wherein the support comprises a polystyrene bead , a poly 
mer bead , an agarose bead , an acrylamide bead , a solid core 
bead , a porous bead , a paramagnetic bead , glass bead , or a 
controlled pore bead , or any combination thereof . 
[ 0134 ] Embodiment 60. The kit of any one of Embodi 
ments 1-59 , which comprises a support and is for analyzing 
a plurality of the analytes or the polypeptides , in sequential 
reactions , in parallel reactions , or in a combination of 
sequential and parallel reactions . 
[ 0135 ] Embodiment 61. The kit of Embodiment 60 , 
wherein the analytes or the polypeptides are spaced apart on 
the support at an average distance equal to or greater than 
about 10 nm , equal to or greater than about 15 nm , equal to 
or greater than about 20 nm , equal to or greater than about 
50 nm , equal to or greater than about 100 nm , equal to or 
greater than about 150 nm , equal to or greater than about 200 
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nm , equal to or greater than about 250 nm , equal to or greater 
than about 300 nm , equal to or greater than about 350 nm , 
equal to or greater than about 400 nm , equal to or greater 
than about 450 nm , or equal to or greater than about 500 nm . 
[ 0136 ] Embodiment 62. The kit of any one of Embodi 
ments 1-61 , wherein the binding moiety comprises a poly 
peptide or fragment thereof , a protein or polypeptide chain 
or fragment thereof , or a protein complex or subunit thereof , 
such as an antibody or antigen binding fragment thereof . 
[ 0137 ] Embodiment 63. The kit of any one of Embodi 
ments 1-62 , wherein the binding moiety comprises a car 
boxypeptidase or an aminopeptidase or variant , mutant , or 
modified protein thereof ; an aminoacyl tRNA synthetase or 
variant , mutant , or modified protein thereof ; an anticalin or 
variant , mutant , or modified protein thereof , a Clps or 
variant , mutant , or modified protein thereof ; a UBR box 
protein or variant , mutant , or modified protein thereof ; a 
modified small molecule that binds amino acid ( s ) , i.e. van 
comycin or a variant , mutant , or modified molecule thereof ; 
or any combination thereof , or wherein in each binding 
agent , the binding moiety comprises a small molecule , the 
coding tag comprises a polynucleotide that identifies the 
small molecule , whereby a plurality of the binding agents 
form an encoded small molecule library , such as a DNA 
encoded small molecule library . 
[ 0138 ] Embodiment 64. The kit of any one of Embodi 
ments 1-63 , wherein the binding moiety is capable of 
selectively and / or specifically binding to the analyte or the 
polypeptide . 
[ 0139 ] Embodiment 65. The kit of any one of Embodi 
ments 1-64 , wherein the coding tag comprises a nucleic acid , 
an oligonucleotide , a modified oligonucleotide , a DNA 
molecule , a DNA with pseudo - complementary bases , a 
DNA or RNA with one or more protected bases , an RNA 
molecule , a BNA molecule , an XNA molecule , a LNA 
molecule , a PNA molecule , a yPNA molecule , or a mor 
pholino , or a combination thereof . 
[ 0140 ] Embodiment 66. The kit of any one of Embodi 
ments 1-65 , wherein the coding tag comprises a barcode 
sequence , such as an encoder sequence , e.g. , one that 
identifies the binding moiety . 
[ 0141 ] Embodiment 67. The kit of any one of Embodi 
ments 1-66 , wherein the coding tag comprises a spacer , a 
binding cycle specific sequence , a unique molecular identi 
fier ( UMI ) , a universal priming site , or any combination 
thereof , optionally wherein a binding cycle specific 
sequence is added to the recording tag after each binding 
cycle . 
[ 0142 ] Embodiment 68. The kit of any one of Embodi 
ments 1-67 , wherein the binding moiety and the coding tag 
are joined by a linker or a binding pair . 
[ 0143 ] Embodiment 69. The kit of any one of Embodi 
ments 1-68 , wherein the binding moiety and the coding tag 
are joined by a SpyTag / SpyCatcher , a SpyTag - KTag / SpyLi 
gase ( where two moieties to be joined have the SpyTag 
KTag pair , and the SpyLigase joins SpyTag to KTag , thus 
joining the two moieties ) , a sortase , a SnoopTag / Snoop 
Catcher peptide - protein pair , or a HaloTag / HaloTag ligand 
pair , or any combination thereof . 
[ 0144 ] Embodiment 70. The kit of any one of Embodi 
ments 1-69 , further comprising a reagent for transferring 
information between the coding tag and the recording tag in 
a templated or non - templated reaction , optionally wherein 
the reagent is ( i ) a chemical ligation reagent or a biological 

ligation reagent , for example , a ligase , such as a DNA ligase 
or RNA ligase for ligating single - stranded nucleic acid or 
double - stranded nucleic acid , or ( ii ) a reagent for primer 
extension of single - stranded nucleic acid or double - stranded 
nucleic acid , optionally wherein the kit further comprises a 
ligation reagent comprising at least two ligases or variants 
thereof ( e.g. , at least two DNA ligases , or at least two RNA 
ligases , or at least one DNA ligase and at least one RNA 
ligase ) , wherein the at least two ligases or variants thereof 
comprises an adenylated ligase and a constitutively non 
adenylated ligase , or optionally wherein the kit further 
comprises a ligation reagent comprising a DNA or RNA 
ligase and a DNA / RNA deadenylase . 
[ 0145 ] Embodiment 71. The kit of any one of Embodi 
ments 1-70 , further comprising a polymerase , such as a 
DNA polymerase or RNA polymerase or a reverse tran 
scriptase , for transferring information between the coding 
tag and the recording tag . 
[ 014 ] Embodiment 72. The kit of any one of Embodi 
ments 1-71 , further comprising one or more reagents for 
nucleic acid sequence analysis . 
[ 0147 ] Embodiment 73. The kit of Embodiment 72 , 
wherein the nucleic acid sequence analysis comprises 
sequencing by synthesis , sequencing by ligation , sequencing 
by hybridization , polony sequencing , ion semiconductor 
sequencing , pyrosequencing , single molecule real - time 
sequencing , nanopore - based sequencing , or direct imaging 
of DNA using advanced microscopy , or any combination 
thereof . 
[ 0148 ] Embodiment 74. The kit of any one of Embodi 
ments 1-73 , further comprising one or more reagents for 
nucleic acid amplification , for example , for amplifying one 
or more extended recording tags , optionally wherein the 
nucleic acid amplification comprises an exponential ampli 
fication reaction ( e.g. , polymerase chain reaction ( PCR ) , 
such as an emulsion PCR to reduce or eliminate template 
switching ) and / or a linear amplification reaction ( e.g. , iso 
thermal amplification by in vitro transcription , or Isothermal 
Chimeric primer - initiated Amplification of Nucleic acids 
( ICAN ) ) 
[ 0149 ] Embodiment 75. The kit of any one of Embodi 
ments 1-74 , comprising one or more reagents for transfer 
ring coding tag information to the recording tag to form an 
extended recording tag , wherein the order and / or frequency 
of coding tag information on the extended recording tag 
indicates the order and / or frequency in which the binding 
agent binds to the analyte or the polypeptide . 
[ 0150 ] Embodiment 76. The kit of any one of Embodi 
ments 1-75 , further comprising one or more reagents for 
target enrichment , for example , enrichment of one or more 
extended recording tags . 
[ 0151 ] Embodiment 77. The kit of any one of Embodi 
ments 1-76 , further comprising one or more reagents for 
subtraction , for example , subtraction of one 
extended recording tags . 
[ 0152 ] Embodiment 78. The kit of any one of Embodi 
ments 1-77 , further comprising one or more reagents for 
normalization , for example , to reduce highly abundant spe 
ies such as one or more analytes or polypeptides . 

[ 0153 ] Embodiment 79. The kit of any one of Embodi 
ments 1-78 , wherein at least one binding agent binds to a 
terminal amino acid residue , terminal di - amino - acid resi 
dues , or terminal triple - amino - acid residues . 
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[ 0154 ] Embodiment 80. The kit of any one of Embodi 
ments 1-79 , wherein at least one binding agent binds to a 
post - translationally modified amino acid . 
[ 0155 ] Embodiment 81. The kit of any one of Embodi 
ments 1-80 , further comprising one or more reagents or 
means for partitioning a plurality of the analytes or poly 
peptides in a sample into a plurality of compartments , 
wherein each compartment comprises a plurality of com 
partment tags optionally joined to a support ( e.g. , a solid 
support ) , wherein the plurality of compartment tags are the 
same within an individual compartment and are different 
from the compartment tags of other compartments . 
[ 0156 ] Embodiment 82. The kit of Embodiment 81 , fur 
ther comprising one or more reagents or means for frag 
menting the plurality of the analytes or polypeptides ( such as 
a plurality of protein complexes , proteins , and / or polypep 
tides ) into a plurality of polypeptide fragments . 
[ 0157 ] Embodiment 83. The kit of Embodiment 81 or 82 , 
further comprising one or more reagents or means for 
annealing or joining of the plurality of polypeptide frag 
ments with the compartment tag within each of the plurality 
of compartments , thereby generating a plurality of compart 
ment tagged polypeptide fragments . 
[ 0158 ] Embodiment 84. The kit of any one of Embodi 
ments 81-83 , wherein the plurality of compartments com 
prise a microfluidic droplet , a microwell , or a separated 
region on a surface , or any combination thereof . 
[ 0159 ] Embodiment 85. The kit of any one of Embodi 
ments 81-84 , wherein each of the plurality of compartments 
comprises on average a single cell . 
[ 0160 ) Embodiment 86. The kit of any one of Embodi 
ments 81-85 , further comprising one or more universal DNA 
tags for labeling the plurality of the analytes or polypeptides 
in the sample . 
[ 0161 ] Embodiment 87. The kit of any one of Embodi 
ments 81-86 , further comprising one or more reagents for 
labeling the plurality of the analytes or polypeptides in the 
sample with one or more universal DNA tags . 
[ 0162 ] Embodiment 88. The kit of any one of Embodi 
ments 81-87 , further comprising one or more reagents for 
primer extension or ligation . 
[ 0163 ] Embodiment 89. The kit of any one of Embodi 
ments 81-88 , wherein the support comprises a bead , such as 
a polystyrene bead , a polymer bead , an agarose bead , an 
acrylamide bead , a solid core bead , a porous bead , a para 
magnetic bead , glass bead , or a controlled pore bead , or any 
combination thereof . 
[ 0164 ] Embodiment 90. The kit of any one of Embodi 
ments 81-89 , wherein the compartment tag comprises a 
single stranded or double stranded nucleic acid molecule . 
[ 0165 ] Embodiment 91. The kit of any one of Embodi 
ments 81-90 , wherein the compartment tag comprises a 
barcode and optionally a UMI . 
[ 0166 ] Embodiment 92. The kit of any one of Embodi 
ments 81-91 , wherein the support is a bead and the com 
partment tag comprises a barcode . 
[ 0167 ] Embodiment 93. The kit of any one of Embodi 
ments 81-92 , wherein the support comprises a bead , and 
wherein beads comprising the plurality of compartment tags 
joined thereto are formed by split - and - pool synthesis , indi 
vidual synthesis , or immobilization . 

[ 0168 ] Embodiment 94. The kit of any one of Embodi 
ments 81-93 , further comprising one or more reagents for 
split - and - pool synthesis , individual synthesis , or immobili 
zation . 
[ 0169 ] Embodiment 95. The kit of any one of Embodi 
ments 81-94 , wherein the compartment tag is a component 
within a recording tag , wherein the recording tag optionally 
further comprises a spacer , a barcode sequence , a unique 
molecular identifier , a universal priming site , or any com 
bination thereof . 
[ 0170 ] Embodiment 96. The kit of any one of Embodi 
ments 81-95 , wherein the compartment tags further com 
prise a functional moiety capable of reacting with an internal 
amino acid , the peptide backbone , or N - terminal amino acid 
on the plurality of analytes or polypeptides ( such as protein 
complexes , proteins , or polypeptides ) . 
[ 0171 ] Embodiment 97. The kit of Embodiment 96 , 
wherein the functional moiety comprises an aldehyde , an 
azide / alkyne , a malemide / thiol , an epoxy / nucleophile , an 
inverse Electron Demand Diels - Alder ( EDDA ) group , a 
click reagent , or any combination thereof . 
[ 0172 ] Embodiment 98. The kit of any one of Embodi 
ments 81-97 , wherein the compartment tag further com 
prises a peptide , such as a protein ligase recognition 
sequence , optionally wherein the protein ligase is butelase I 
or a homolog thereof . 
[ 0173 ] Embodiment 99. The kit of any one of Embodi 
ments 81-98 , further comprising a chemical or biological 
reagent , such as an enzyme , for example , a protease ( e.g. , a 
metalloprotease ) , for fragmenting the plurality of analytes or 
polypeptides . 
[ 0174 ] Embodiment 100. The kit of any one of Embodi 
ments 81-99 , further comprising one or more reagents for 
releasing the compartment tags from the support . 
[ 0175 ] Embodiment 101. The kit of any one of Embodi 
ments 1-100 , further comprising one or more reagents for 
forming an extended coding tag or a di - tag construct . 
[ 0176 ] Embodiment 102. The kit of Embodiment 101 , 
wherein the 3 ' - terminus of the recording tag is blocked to 
prevent extension of the recording tag by a polymerase . 
[ 0177 ] Embodiment 103. The kit of Embodiment 101 or 
102 , wherein the coding tag comprises an encoder sequence , 
a UMI , a universal priming site , a spacer at its 3 ' - terminus , 
a binding cycle specific sequence , or any combination 
thereof . 
[ 0178 ] Embodiment 104. The kit of any one of Embodi 
ments 101-103 , wherein the di - tag construct is generated by 
gap fill , primer extension , or a combination thereof . 
[ 0179 ] Embodiment 105. The kit of any one of Embodi 
ments 101-104 , wherein the di - tag molecule comprises a 
universal priming site derived from the recording tag , a 
compartment tag derived from the recording tag , a unique 
molecular identifier derived from the recording tag , an 
optional spacer derived from the recording tag , an encoder 
sequence derived from the coding tag , a unique molecular 
identifier derived from the coding tag , an optional spacer 
derived from the coding tag , and a universal priming site 
derived from the coding tag . 
[ 0180 ] Embodiment 106. The kit of any one of Embodi 
ments 101-105 , wherein the binding agent is a polypeptide 
or protein . 
[ 0181 ] Embodiment 107. The kit of any one of Embodi 
ments 101-106 , wherein the binding agent comprises an 
aminopeptidase or variant , mutant , or modified protein 
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thereof ; an aminoacyl tRNA synthetase or variant , mutant , 
or modified protein thereof ; an anticalin or variant , mutant , 
or modified protein thereof ; a ClpS or variant , mutant , or 
modified protein thereof ; or a modified small molecule that 
binds amino acid ( s ) , i.e. vancomycin or a variant , mutant , or 
modified molecule thereof ; or an antibody or binding frag 
ment thereof ; or any combination thereof . 
[ 0182 ] Embodiment 108. The kit of any one of Embodi 
ments 101-107 , wherein the binding agent binds to a single 
amino acid residue ( e.g. , an N - terminal amino acid residue , 
a C - terminal amino acid residue , or an internal amino acid 
residue ) , a dipeptide ( e.g. , an N - terminal dipeptide , a C - t 
minal dipeptide , or an internal dipeptide ) , a tripeptide ( e.g. , 
an N - terminal tripeptide , a C - terminal tripeptide , or an 
internal tripeptide ) , or a post - translational modification of 
the analyte or polypeptide . 
[ 0183 ] Embodiment 109. The kit of any one of Embodi 
ments 101-107 , wherein the binding agent binds to an 
N - terminal polypeptide , a C - terminal polypeptide , or an 
internal polypeptide . 
[ 0184 ] Embodiment 110. The kit of any one of Embodi 
ments 1-109 , wherein the coding tag and / or the recording tag 
comprise one or more error correcting codes , one or more 
encoder sequences , one or more barcodes , one or more 
UMIs , one or more compartment tags , one or more cycle 
specific sequences , or any combination thereof . 
[ 0185 ) Embodiment 111. The kit of Embodiment 110 , 
wherein the error correcting code is selected from Hamming 
code , Lee distance code , asymmetric Lee distance code , 
Reed - Solomon code , and Levenshtein - Tenengolts code . 
[ 0186 ] Embodiment 112. The kit of any one of Embodi 
ments 1-111 , wherein the coding tag and / or the recording tag 
comprise a cycle label . 
[ 0187 ] Embodiment 113. The kit of any one of Embodi 
ments 1-112 , further comprising a cycle label independent of 
the coding tag and / or the recording tag . 
[ 0188 ] Embodiment 114. The kit of any one of Embodi 
ments 1-113 , which comprises : ( a ) a reagent for generating 
a cell lysate or a protein sample ; ( b ) a reagent for blocking 
an amino acid side chain , such as via alkylation of cysteine 
or blocking lysine ; ( c ) a protease , such as trypsin , LysN , or 
LysC ; ( d ) a reagent for immobilizing a nucleic acid - labeled 
polypeptide ( such as a DNA - labeled protein ) to a support ; 
( e ) a reagent for degradation - based polypeptide sequencing ; 
and / or ( f ) a reagent for nucleic acid sequencing . 
[ 0189 ] Embodiment 115. The kit of any one of Embodi 
ments 1-113 , which comprises : ( a ) a reagent for generating 
a cell lysate or a protein sample ; ( b ) a reagent for blocking 
an amino acid side chain , such as via alkylation of cysteine 
or blocking lysine ; ( c ) a protease , such as trypsin , LysN , or 
LysC ; ( d ) a reagent for immobilizing a polypeptide ( such as 
a protein ) to a support comprising immobilized recording 
tags ; ( e ) a reagent for degradation - based polypeptide 
sequencing ; and / or ( f ) a reagent for nucleic acid sequencing . 
[ 0190 ] Embodiment 116. The kit of any one of Embodi 
ments 1-113 , which comprises : ( a ) a reagent for generating 
a cell lysate or a protein sample ; ( b ) a denaturing reagent ; ( c ) 
a reagent for blocking an amino acid side chain , such as via 
alkylation of cysteine or blocking lysine ; ( d ) a universal 
DNA primer sequence ; ( e ) a reagent for labeling a polypep 
tide with a universal DNA primer sequence ; ( f ) a barcoded 
bead for annealing the labeled polypeptide via a primer ; ( g ) 
a reagent for polymerase extension for writing the barcode 
from the bead to the labeled polypeptide ; ( h ) a protease , such 

as trypsin , LysN , or LysC ; ( i ) a reagent for immobilizing a 
nucleic acid - labeled polypeptide ( such as a DNA - labeled 
protein ) to a support ; ( j ) a reagent for degradation - based 
polypeptide sequencing ; and / or ( k ) a reagent for nucleic acid 
sequencing . 
[ 0191 ] Embodiment 117. The kit of any one of Embodi 
ments 1-113 , which comprises : ( a ) a cross - linking reagent ; 
( b ) a reagent for generating a cell lysate or a protein sample ; 
( c ) a reagent for blocking an amino acid side chain , such as 
via alkylation of cysteine or blocking lysine ; ( d ) a universal 
DNA primer sequence ; ( e ) a reagent for labeling a polypep 
tide with a universal DNA primer sequence ; ( f ) a barcoded 
bead for annealing the labeled polypeptide via a primer ; ( g ) 
a reagent for polymerase extension for writing the barcode 
from the bead to the labeled polypeptide ; ( h ) a protease , such 
as trypsin , LysN , or LysC ; ( i ) a reagent for immobilizing a 
nucleic acid - labeled polypeptide ( such as a DNA - labeled 
protein ) to a support ; ( j ) a reagent for degradation - based 
polypeptide sequencing ; and / or ( k ) a reagent for nucleic acid 
sequencing . 
[ 0192 ] Embodiment 118. The kit of any one of Embodi 
ments 1-117 , wherein one or more components are provided 
in a solution or on a support , for example , a solid support . 
[ 0193 ] Additional barcoding reagents , such as compart 
ment barcoding , combinatorial barcoding , spatial barcoding , 
or any combination thereof , may be included in the kits . The 
sample may comprise macromolecules , including peptides , 
polypeptides , and proteins , and the recording may generate 
molecular interaction and / or reaction information , and / or 
polypeptide sequence information . The kits may be used in 
high - throughput , multiplexed , and / or automated analysis , 
and are suitable for analysis of a proteome or subset thereof . 
[ 0194 ] Kit components may include any molecule , 
molecular complex or conjugate , reagent ( e.g. , chemical or 
biological ) , agent , structure ( e.g. , support , surface , particle , 
or bead ) , reaction intermediate , reaction product , binding 
complex , or any other article of manufacture disclosed 
and / or used in the above exemplary methods . The present 
kits can be used for analyzing any suitable analyte , e.g. , a 
macromolecule or a polypeptide . In some embodiments , the 
present kits can be used for highly - parallel , high throughput 
digital analysis ( e.g. , a macromolecule analysis ) , particu 
larly polypeptide analysis . In some embodiments , the pres 
ent kits can be used in the following exemplary methods for 
analyzing an analyte , e.g. , a macromolecule or a polypep 
tide . 
[ 0195 ] In any of the preceding embodiments ( e.g. , those 
described in Sections A - N supra ) , the encoding tag and / or 
the recording tag , or any portion thereof ( e.g. , a universal 
primer , a spacer , a UMI , a recording tag barcode , an encoder 
sequence , a binding cycle - specific barcode , etc. ) , may com 
prise or be replaced with a sequenceable polymer , such as a 
non - nucleic acid sequenceable polymer . In some aspects , the 
encoding tag and / or the recording tag , or any portion thereof 
( e.g. , a universal primer , a spacer , a UMI , a recording tag 
barcode , an encoder sequence , a binding cycle - specific 
barcode , etc. ) , give clearly resolvable signals , such as via a 
nanopore based sequencing . A wide range of polymers can 
be used , and optionally with click chemistry , tags that are 
compatible with an Edman - type degradation can be used to 
read out the sequence information of a target protein and / or 
polypeptide . In some embodiments , the method disclosed 
herein comprises an amplification step . In other embodi 
ments , without an amplification step , a single molecule can 
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be processed through a nanopore multiple times to give 
multiple reads , in order to give resolvable signals . 
[ 0196 ] In any of the preceding embodiments , the record 
ing tag comprises a polymer to be read , wherein the encoder 
within the coding tag comprises or is one or more small 
molecule portions , one or more subunits of a sequenceable 
non - nucleic acid polymer , one or more monomers of a 
sequenceable non - nucleic acid polymer . In this example , the 
encoder portion is akin to a bead on a string ( e.g. , an 
extended recording tag ) . 
[ 0197 ] In some embodiments , the sequenceable polymer is 
linear . In other embodiments , the sequenceable polymer 
comprises one or more linear chains , one or more branches , 
one or more circles , or any combination thereof . 
[ 0198 ] In some embodiments , the sequenceable polymer is 
not cross - linked . In other embodiments , the sequenceable 
polymer is cross - linked , for example , weakly cross - linked 
( e.g. , the cross - linked polymer comprises between about 
0.1 % and about 1 % cross - linkers ) . 
[ 0199 ] In some embodiments , the sequenceable polymer is 
neutral , e.g. , having an overall neutral charge . In particular 
embodiments , the sequenceable polymer comprises an acry 
lamide , an acrylate , a styrene , a nylon , a kapton , a NiPAM 
polymer , a PEG , a polylactam , a polylactone , an epoxide , a 
polysilicone , a polyester , a polycarbodiimide , a polyure 
thane , a polypyroldinone , a polyisothiocyanate , or any com 
bination thereof . 
[ 0200 ] In other embodiments , the sequenceable polymer is 
charged . In specific embodiments , the sequenceable poly 
mer is negatively charged , for example , the sequenceable 
polymer may comprise a polysulfonate , and / or a negatively 
charged acrylamide ( e.g. , copolymerized with acrylic acid ) . 
In other embodiments , the sequenceable polymer is posi 
tively charged , for example , the sequenceable polymer may 
comprise a polyamine , a polyaniline , a polyimine , and / or an 
acrylamide with an amine functional group which may be 
substituted or unsubstituted . In still other embodiments , the 
sequenceable polymer may comprise an ionomer . 
[ 0201 ] In other embodiments , the sequenceable polymer 
comprises a polymorpholino and / or a zwitterionic polymer . 
[ 0202 ] In some embodiments , the sequenceable polymer 
comprises a hydrophobic polymer and / or a hydrophilic 
polymer . In some aspects , the sequenceable polymer com 
prises a hydrophobic polymer , such as a styrene , a kapton , 
a fluoropolymer , or an isoprene , or any combination thereof . 
In other aspects , the sequenceable polymer comprises a 
hydrophilic polymer , such as a polyethylene glycol , a 
polylysine , a polyenimine , a polyimine , an acrylamide , or an 
acrylate , or any combination thereof . 
[ 0203 ] In some embodiments , the sequenceable polymer 
comprises metathesis products , for example , a polymer 
product formed by ring - opening or linear metathesis . 
[ 0204 ] In some embodiments , the sequenceable polymer 
comprises copolymers , block copolymers , diblock copoly 
mers , or triblock copolymers , or any combination thereof . In 
some embodiments , the sequenceable polymer is formed by 
continuous polymerization or ligation of polymer products . 
[ 0205 ] In other embodiments , the sequenceable polymer 
comprises biopolymers : In specific embodiments , the 
sequenceable polymer comprises polysaccharides , polypep 
tides , peptides , or polyamides , or any combination thereof . 
[ 0206 ] In some embodiments , the sequenceable polymer 
comprises naturally occurring biopolymers , biopolymer 
mimics , or synthetic biopolymers , or hybrids thereof . 

[ 0207 ] In some embodiments , the sequenceable polymer 
comprises biopolymer mimics , such as peptoids . In some 
embodiments , the sequenceable polymer comprises star 
polymers or dendrimers . 
[ 0208 ] In some embodiments , the sequenceable polymer 
comprises stimulus triggered degradable polymers . 
Examples of stimuli include , but are not limited to , chemical 
stimulus , biochemical stimulus , enzymatic stimulus , light , 
time , and temperature . 
[ 0209 ] In some embodiments , the sequenceable polymer 
comprises caged or protected polymers . 
[ 0210 ] In some embodiments , the sequenceable polymer 
comprises reversible covalent bonded polymers . In some 
embodiments , the sequenceable polymer comprises a disul 
fide , thio ( l ) ester , tempo derived nitroxide polymers , or poly 
imines , or any combination thereof . 
[ 0211 ] In some embodiments , the sequenceable polymer 
comprises polymers with low polydispersity index ( PDI ) or 
high PDI . Polydispersity index ( PDI ) , or heterogeneity 
index , or simply dispersity ( D ) , is a measure of the distri 
bution of molecular mass in a given polymer sample . 
Typical dispersities vary based on the mechanism of polym 
erization and can be affected by a variety of reaction 
conditions . In synthetic polymers , it can vary greatly due to 
reactant ratio , how close the polymerization went to comple 
tion , etc. For typical addition polymerization , D can range 
around 5 to 20. For typical step polymerization , most 
probable values of D are around 2 or below . Living polym 
erization , a special case of addition polymerization , leads to 
values very close to 1. Such is the case also in biological 
polymers , where the dispersity can be very close or equal to 
1 , indicating only one length of polymer is present . 
[ 0212 ] In some embodiments , the sequenceable polymer 
comprises polymers with low PDI , such as products of living 
polymerizations . In other embodiments , the sequenceable 
polymer comprises polymers with higher PDI , such as 
products of ATRP or other statistically driven distributions . 
[ 0213 ] In some embodiments , the sequenceable polymer 
comprises conjugated polymers capable of acting as chro 
mophores or conductive materials 
[ 0214 ] In other embodiments , the sequenceable polymer 
comprises structured or unstructured ( e.g. , folded or non 
folded ) polymers such as foldamers . In some embodiments , 
the coding polymers are relatively short , e.g. , of 2 
subunits . In other embodiments , the polymers are large , e.g. , 
made up of subunits totaling ~ 100 kDa . 
[ 0215 ] A number of polymer backbones are suitable for 
comprising a sequenceable polymer . The polyphosphate 
backbone described by Ouahabi et al . is useful for nanopore 
sequencing ( Al Ouahabi , Charles et al . 2015 ) . The phosphate 
group confers a negative charge to the backbone enabling 
electrically - controlled translocation through the pore . Dif 
ferent R groups can be used to provide different current 
blockade signatures . Peptoid polymers provide another use 
ful polymer . A peptoid consists of a glycine backbone with 
side chain R groups connected to the nitrogen of the peptide 
like backbone , instead of the A - carbon as in peptides . Solid 
phase synthesis of peptoids offers synthetic efficiency , high 
yield , and R group side chain diversity ( hundreds of different 
R groups available ) while reducing synthesis time and costs 
( Knight , Zhou et al . 2015 ) . The peptoid backbone is neutral , 
but charged R groups can be employed along the length of 
the polymer to promote electrically - controlled translocation . 
Exemplar charged R groups include N- ( 2 - aminoethyl ) gly 
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arylamino , arylalkylamino , heterocycloamino , heterocy 
cloalkylamino , disubstituted - amino , acylamino , acyloxy , 
ester , amide , sulfonamide , urea , alkoxyacylamino , aminoa 
cyloxy , nitro or cyano where m = 0 , 1 , 2 or 3 . 2 

BRIEF DESCRIPTION OF THE DRAWINGS 

. 

cine ( Nae ) and N- ( 2 - carboxyethyl ) glycine ( Nce ) . For a 
review of peptoide , see e.g. , Seto et al . , 2011 , “ Peptoids : 
Synthesis , Characterization , and Nanostructures , ” Compre 
hensive Biomaterials , vol . 2 , pp . 53-76 , which is incorpo 
rated herein by reference . 
[ 0216 ] R groups for current blockade can be selected from 
a long list of functional moieties ( incorporated by reference 
US20160075734 ) . Functional moieties include substituted 
and / or functionalized groups such as alkoxy , halo , mercapto , 
azido , cyano , formyl , carboxyl , hydroxyl , nitro , acyl , ary 
loxy , alkylthio , amino , alkylamino , arylalkylamino , substi 
tuted amino , acylamino , acyloxy , ester , thioester , carboxylic 
thioester , ether , amide , amidino , sulfate , sulfoxyl , sulfonyl , 
sulfonyl , sulfonic acid , sulfonamide , urea , alkoxylacy 
lamino , aminoacyloxy , guanidino , aldehyde , keto , imine , 
nitrile , phosphate , thiol , epoxide , peroxide , thiocyanate , 
amidine , oxime , nitrile , diazo , heterocyclo , etc. , these terms 
including combinations of these groups . " Heterocyclic 
group ” or “ heterocyclo ” as used herein alone or as part of 
another group , refers to an aliphatic ( e.g. , fully or partially 
saturated heterocyclo ) or aromatic ( e.g. , heteroaryl ) mono 
cyclic , or a bicyclic - ring system . Monocyclic ring systems 
are exemplified by any 5 or 6 membered ring containing 1 , 
2 , 3 , or 4 heteroatoms independently selected from oxygen , 
nitrogen and sulfur . The 5 membered ring has from 0-2 
double bonds and the 6 membered ring has from 0-3 double bonds . Representative examples of monocyclic ring systems 
include , but are not limited to , azetidine , azepine , aziridine , 
diazepine , 1,3 - dioxolane , dioxane , dithiane , furan , imida 
zole , imidazoline , imidazoli ne , isoth le , isothiazoline , 
isothiazolidine , isoxazole , isoxazoline , isoxazolidine , mor 
pholine , oxadiazole , oxadiazoline , oxadiazolidine , oxazole , 
oxazoline , oxazolidine , piperazine , piperidine , pyran , pyra 
zine , pyrazole , pyrazoline , pyrazolidine , pyridine , pyrimi 
dine , pyridazine , pyrrole , pyrroline , pyrrolidine , tetrahydro 
furan , tetrahydrothiophene , tetrazine , tetrazole , thiadiazole , 
thiadiazoline , thiadiazolidine , thiazole , thiazoline , thiazoli 
dine , thiophene , thiomorpholine , thiomorpholine sulfone , 
thiopyran , triazine , triazole , trithiane , and the like . Bicyclic 
ring systems are exemplified by any of the above monocy 
clic ring systems fused to an aryl group as defined herein , a 
cycloalkyl group as defined herein , or another monocyclic 
ring system as defined herein . Representative examples of 
bicyclic ring systems include but are not limited to , for 
example , benzimidazole , benzothiazole , benzothiadiazole , 
benzothiophene , benzoxadiazole , benzoxazole , benzofuran , 
benzopyran , benzothiopyran , benzodioxine , 1,3 - benzodiox 
ole , cinnoline , indazole , indole , indoline , indolizine , naph 
thyridine , isobenzofuran , isobenzothiophene , isoindole , 
isoindoline , isoquinoline , phthalazine , purine , pyranopyri 
dine , quinoline , quinolizine , quinoxaline , quinazoline , tet 
rahydroisoquinoline , tetrahydroquinoline , thiopyranopyri 
dine , and the like . These rings include quaternized 
derivatives thereof and may be optionally substituted with 
groups selected from halo , alkyl , haloalkyl , alkenyl , alkynyl , 
cycloalkyl , cycloalkylalkyl , aryl , arylalkyl , heterocyclo , het 
erocycloalkyl , hydroxyl , alkoxy , alkenyloxy , alkynyloxy , 
haloalkoxy , cycloalkoxy , cycloalkylalkyloxy , aryloxy , aryl 
alkyloxy , heterocyclooxy , heterocyclolalkyloxy , mercapto , 
alkyl - S ( O ) m , haloalkyl - S ( O ) m , alkenyl - S ( O ) m , alkynyl - S 
( O ) m , cycloalkyl - S ( O ) m , cycloalkylalkyl - S ( O ) m , aryl - S ( O ) 
m , arylalkyl - S ( O ) m , heterocyclo - S ( O ) m , heterocycloalkyl 
S ( O ) m , amino , alkylamino , alkenylamino , alkynylamino , 
haloalkylamino , cycloalkylamino , cycloalkylalkylamino , 

[ 0217 ] Non - limiting embodiments of the present disclo 
sure will be described by way of example with reference to 
the accompanying figures , which are schematic and are not 
intended to be drav to scale . For purposes of illustration , 
not every component is labeled in every figure , nor is every 
component of each embodiment of the invention shown 
where illustration is not necessary to allow those of ordinary 
skill in the art to understand the present disclosure . 
[ 0218 ] In any of the examples shown in these drawings , 
the encoding tag and / or the recording tag ( and / or the di - tag , 
the compartment tag , or the partition tag , if applicable ) , or 
any portion thereof ( e.g. , a universal primer , a spacer , a 
UMI , a recording tag barcode , an encoder sequence , a 
binding cycle - specific barcode , etc. ) , may comprise or be 
replaced by sequenceable polymer , such as a non - nucleic 
acid sequenceable polymer . 
[ 0219 ] FIGS . 1A - B : FIG . 1A illustrates key for functional 
elements shown in the figures . Thus in one embodiment , 
provided herein is a recording tag or an extended recording 
tag , comprising one or more universal primer sequences ( or 
one or more pairs of universal primer sequences , for 
example , one universal prime of the pair at the 5 ' end and the 
other of the pair at the 3 ' end of the recording tag or extended 
recording tag ) , one or more barcode sequences that can 
identify the recording tag or extended recording tag among 
a plurality of recording tags or extended recording tags , one 
or more UMI sequences , one or more spacer sequences , 
and / or one or more encoder sequences ( also referred to as 
the coding sequence , e.g. , of a coding tag ) . In certain 
embodiments , the extended recording tag comprises ( i ) one 
universal primer sequence , one barcode sequence , one UMI 
sequence , and one spacer ( all from the unextended recording 
tag ) , ( ii ) one or more " cassettes ” arranged in tandem , each 
cassette comprising an encoder sequence for a binding 
agent , a UMI sequence , and a spacer , and each cassette 
comprises sequence information from a coding tag , and ( iii ) 
another universal primer sequence , which may be provided 
by the coding tag of the coding agent in the nth binding cycle , 
where n is an integer representing the number of binding 
cycle after which assay read out is desired . In one embodi 
ment , after a universal primer sequence is introduced into an 
extended recoding tag , the binding cycles may continue , the 
extended recording tag may be further extended , and one or 
more additional universal primer sequences may be intro 
duced . In that case , amplification and / or sequencing of the 
extended recording tag may be done using any combination 
of the universal primer sequences . 
[ 0220 ] FIG . 1B illustrates a general overview of transduc 
ing or converting a protein code to a nucleic acid ( e.g. , 
DNA ) code where a plurality of proteins or polypeptides are 
fragmented into a plurality of peptides , which are then 
converted into a library of extended recording tags , repre 
senting the plurality of peptides . The extended recording 
tags constitute a DNA Encoded Library ( DEL ) representing 
the peptide sequences . The library can be appropriately 
modified to sequence on any Next Generation Sequencing 
( NGS ) platform . 
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[ 0221 ] FIGS . 2A - 2D illustrate an example of polypeptide 
( e.g. , protein ) analysis according to the methods disclosed 
herein , using multiple cycles of binding agents ( e.g. , anti 
bodies , anticalins , N - recognins proteins ( e.g. , ClpSs , or 
UBR box proteins , etc. ) , and variants / homologues thereof , 
and aptamers etc. ) comprising coding tags interacting with 
an immobilized protein that is co - localized or co - labeled 
with a single or multiple recording tags . In this example , the 
recording tag comprises a universal priming site , a barcode 
( e.g. , partition barcode , compartment barcode , and / or frac 
tion barcode ) , an optional unique molecular identifier ( UMI ) 
sequence , and optionally a spacer sequence ( Sp ) used in 
information transfer between the coding tag and the record 
ing tag ( or an extended recording tag ) . The spacer sequence 
( Sp ) can be constant across all binding cycles , be binding 
agent specific , and / or be binding cycle number specific ( e.g. , 
used for “ clocking ” the binding cycles ) . In this example , the 
coding tag comprises an encoder sequence providing iden 
tifying information for the binding agent ( or a class of 
binding agents , for example , a class of binders that all 
specifically bind to a terminal amino acid , such as a modified 
N - terminal Q as shown in FIG . 3 ) , an optional UMI , and a 
spacer sequence that hybridizes to the complementary 
spacer sequence on the recording tag , facilitating transfer of 
coding tag information to the recording tag ( e.g. , by primer 
extension , also referred to herein as polymerase extension ) . 
Ligation may also be used to transfer sequence information 
and in that case , a spacer sequence may be used but is not 
necessary . 

[ 0222 ] FIG . 2A illustrates a process of creating an 
extended recording tag through the cyclic binding of cognate 
binding agents to a analyte ( such as a protein or protein 
complex ) , and corresponding information transfer from the 
binding agent's coding tag to the analyte’s recording tag . 
After a series of sequential binding and coding tag infor 
mation transfer steps , the final extended recording tag is 
produced , containing binding agent coding tag information 
including encoder sequences from “ n ” binding cycles pro 
viding identifying information for the binding agents ( e.g. , 
antibody 1 ( Abl ) , antibody 2 ( Ab2 ) , antibody 3 ( Ab3 ) , ... 
antibody “ n ” ( Abn ) ) , a barcode / optional UMI sequence from 
the recording tag , an optional UMI sequence from the 
binding agent's coding tag , and flanking universal priming 
sequences at each end of the library construct to facilitate 
amplification and / or analysis by digital next - generation 
sequencing 
[ 0223 ] FIG . 2B illustrates an example of a scheme for 
labeling a protein with DNA barcoded recording tags . In the 
top panel , N - hydroxysuccinimide ( NHS ) is an amine reac 
tive coupling agent , and Dibenzocyclooctyl ( DBCO ) is a 
strained alkyne useful in “ click ” coupling to the surface of 
a solid substrate . In this scheme , the recording tags are 
coupled to ? amines of lysine ( K ) residues ( and optionally 
N - terminal amino acids ) of the protein via NHS moieties . In 
the bottom panel , a heterobifunctional linker , NHS - alkyne , 
is used to label the ? amines of lysine ( K ) residues to create 
an alkyne “ click ” moiety . Azide - labeled DNA recording tags 
can then easily be attached to these reactive alkyne groups 
via standard click chemistry . Moreover , the DNA recording 
tag can also be designed with an orthogonal methyltetrazine 
( mTet ) moiety for downstream coupling to a trans - cy 
clooctene ( TCO ) -derivatized sequencing substrate via an 
inverse Electron Demand Diels - Alder ( iEDDA ) reaction . 

[ 0224 ] FIG . 2C illustrates two examples of the protein 
analysis methods using recording tags . In the top panel , 
analytes such as protein macromolecules are immobilized on 
a solid support via a capture agent and optionally cross 
linked . Either the protein or capture agent may co - localize or 
be labeled with a recording tag . In the bottom panel , proteins 
with associated recording tags are directly immobilized on a 
solid support . 
[ 0225 ] FIG . 2D illustrates an example of an overall work 
flow for a simple protein immunoassay using DNA encoding 
of cognate binders and sequencing of the resultant extended 
recording tag . The proteins can be sample barcoded ( i.e. , 
indexed ) via recording tags and pooled prior to cyclic 
binding analysis , greatly increasing sample throughput and 
economizing on binding reagents . This approach is effec 
tively a digital , simpler , and more scalable approach to 
performing reverse phase protein assays ( RPPA ) , allowing 
measurement of protein levels ( such as expression levels ) in 
a large number of biological samples simultaneously in a 
quantitative manner . 
[ 0226 ] FIGS . 3A - D illustrate a process for a degradation 
based polypeptide sequencing assay by construction of an 
extended recording tag ( e.g. , DNA sequence ) representing 
the polypeptide sequence . This is accomplished through an 
Edman degradation - like approach using a cyclic process , 
such as N - terminal amino acid ( NTAA ) binding , coding tag 
information transfer to a recording tag attached to the 
polypeptide , terminal amino acid ( s ) cleavage ( such as 
NTAA cleavage ) , and repeating the process in a cyclic 
manner , for example , all on a solid support . Provided is an 
overview of an exemplary construction of an extended 
recording tag from N - terminal degradation of a peptide : ( A ) 
N - terminal amino acid of a peptide is labeled ( e.g. , with a 
phenylthiocarbamoyl ( PTC ) , dinitrophenyl ( DNP ) , sulfonyl 
nitrophenyl ( SNP ) , acetyl , or guanidindyl moiety ) ; ( B ) 
shows a binding agent and an associated coding tag bound 
to the labeled NTAA ; ( C ) shows the polypeptide bound to a 
solid support ( e.g. , bead ) and associated with a recording tag 
( e.g. , via a trifunctional linker ) , wherein upon binding of the 
binding agent to the NTAA of the polypeptide , information 
of the coding tag is transferred to the recording tag ( e.g. , via 
primer extension or ligation , including single strand ligation 
or double strand ligation or blunt end ligation or sticky end 
ligation ) to generate an extended recording tag ; ( D ) the 
labeled NTAA is cleaved via chemical or biological ( e.g. , 
enzymatic ) means to expose a new NTAA . As illustrated by 
the arrows , the cycle is repeated “ n ” times to generate a final 
extended recording tag . The final extended recording tag is 
optionally flanked by universal priming sites to facilitate 
downstream amplification and / or DNA sequencing . The 
forward universal priming site ( e.g. , Illumina's P5 - S1 
sequence ) can be part of the original recording tag design 
and the reverse universal priming site ( e.g. , Illumina's 
P7 - S2 ' sequence ) can be added as a final step in the exten 
sion of the recording tag . This final step may be done 
independently of a binding agent . 
[ 0227 ] FIGS . 4A - B illustrate exemplary protein sequenc 
ing workflows according to the methods disclosed herein . 
FIG . 4A illustrates exemplary work flows with alternative 
modes outlined in light grey dashed lines , with a particular 
embodiment shown in boxes linked by arrows . Alternative 
modes for each step of the workflow are shown in boxes 
below the arrows . FIG . 4B illustrates options in conducting 
a cyclic binding and coding tag information transfer step to 
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improve the efficiency of information transfer . Multiple 
recording tags per molecule can be employed . Moreover , for 
a given binding event , the transfer of coding tag information 
to the recording tag can be conducted multiples times , or 
alternatively , a surface amplification step can be employed 
to create copies of the extended recording tag library , etc. 
[ 0228 ] FIGS . 5A - B illustrate an overview of an exemplary 
construction of an extended recording tag using primer 
extension to transfer identifying information of a coding tag 
of a binding agent to a recording tag associated with an 
analyte such as a macromolecule ( e.g. , a polypeptide ) to 
generate an extended recording tag . A coding tag comprising 
a unique encoder sequence with identifying information 
regarding the binding agent is optionally flanked on each 
end by a common spacer sequence ( Sp ' ) . FIG . 5A illustrates 
an NTAA binding agent comprising a coding tag binding to 
an NTAA of a polypeptide which is labeled with a recording 
tag and linked to a bead . The recording tag anneals to the 
coding tag via complementary spacer sequences ( Sp anneals 
to Sp ' ) , and a primer extension reaction mediates transfer of 
coding tag information to the recording tag using the spacer 
( Sp ) as a priming site . The coding tag is illustrated as a 
duplex with a single stranded spacer ( Sp ' ) sequence at the 
terminus distal to the binding agent . This configuration 
minimizes hybridization of the coding tag to internal sites in 
the recording tag and favors hybridization of the recording 
tag's terminal spacer ( Sp ) sequence with the single stranded 
spacer overhang ( Sp ' ) of the coding tag . Moreover , the 
extended recording tag may be pre - annealed with one or 
more oligonucleotides ( e.g. , complementary to an encoder 
and / or a spacer sequence ) to block hybridization of the 
coding tag to internal recording tag sequence elements . FIG . 
5B shows a final extended recording tag produced after “ n ” 
cycles of binding ( ***** ” represents intervening binding 
cycles not shown in the extended recording tag ) and transfer 
of coding tag information and the addition of a universal 
priming site at the 3 ' end . 
[ 0229 ] FIG . 6 illustrates coding tag information being 
transferred to an extended recording tag via enzymatic 
ligation . Two different analytes are shown with their respec 
tive recording tags , with recording tag extension proceeding 
in parallel . Ligation can be facilitated by designing the 
double stranded coding tags so that the spacer sequences 
( Sp ' ) have a “ sticky end ” overhang on one strand that 
anneals with a complementary spacer ( Sp ) on the recording 
tag . This “ sticky end ” ( also known as “ cohesive end ” ) can be 
0-8 bases in length , for example , around 2-4 bases . The 
complementary strand of the double stranded coding tag , 
after being ligated to the recording tag , transfers information 
to the recording tag . The complementary strand may com 
prise another spacer sequence , which may be the same as or 
different from the Sp of the recording tag before the ligation . 
When ligation is used to extend the recording tag , the 
direction of extension can be 5 ' to 3 ' as illustrated , or 
optionally 3 to 5 ' . 
[ 0230 ] FIG . 7 illustrates a “ spacer - less ” approach of trans 
ferring coding tag information to a recording tag via chemi 
cal ligation to link the 3 ' nucleotide of a recording tag or 
extended recording tag to the 5 ' nucleotide of the coding tag 
( or its complement ) without inserting a spacer sequence into 
the extended recording tag . The orientation of the extended 
recording tag and coding tag could also be inverted such that 
the 5 ' end of the recording tag is ligated to the 3 ' end of the 
coding tag ( or complement ) . In the example shown , hybrid 

ization between complementary “ helper ” oligonucleotide 
sequences on the recording tag ( “ recording helper ” ) and the 
coding tag are used to stabilize the complex to enable 
specific chemical ligation of the recording tag to coding tag 
complementary strand . The resulting extended recording tag 
is devoid of spacer sequences . Also illustrated is a “ click 
chemistry ” version of chemical ligation ( e.g. , using azide 
and alkyne moieties ( shown as a triple line symbol ) ) which 
can employ DNA , PNA , or similar nucleic acid polymers . 
[ 0231 ] FIGS . 8A - B illustrate an exemplary method of 
writing of post - translational modification ( PTM ) informa 
tion of a polypeptide into an extended recording tag prior to 
N - terminal amino acid degradation . FIG . 8A : A binding 
agent comprising a coding tag with identifying information 
regarding the binding agent ( e.g. , a phosphotyrosine anti 
body comprising a coding tag with identifying information 
for phosphotyrosine antibody ) is capable of binding to the 
polypeptide . If phosphotyrosine is present in the recording 
tag - labeled polypeptide , as illustrated , upon binding of the 
phosphotyrosine antibody to phosphotyrosine , the coding 
tag and recording tag anneal via complementary spacer 
sequences and the coding tag information is transferred to 
the recording tag to generate an extended recording tag . FIG . 
8B : An extended recording tag may comprise coding tag 
information for both primary amino acid sequence ( e.g. , 
“ aa , ” , “ aan ” , “ aaz " . " aa " ) and post - translational 
modifications ( e.g. , “ PTM , ” , “ PTM2 ” ) of the peptide . 
[ 0232 ] FIGS . 9A - B illustrate a process of multiple cycles 
of binding of a binding agent to an analyte ( e.g. , a macro 
molecule such as a polypeptide ) and transferring informa 
tion of a coding tag that is attached to a binding agent to an 
individual recording tag among a plurality of recording tags , 
for example , which are co - localized at a site of a single 
analyte attached to a solid support ( e.g. , a bead ) , thereby 
generating multiple extended recording tags that collectively 
represent the analyte information ( e.g. , presence or absence , 
level , or amount in a sample , binding profile to a library of 
binders , activity or reactivity , amino acid sequence , post 
translational modification , sample origin , or any combina 
tion thereof ) . In this figure , for purposes of example only , the 
analyte is a polypeptide and each cycle involves binding a 
binding agent to an N - terminal amino acid ( NTAA ) , record 
ing the binding event by transferring coding tag information 
to a recording tag , followed by removal of the NTAA to 
expose a new NTAA . FIG . 9A illustrates on a solid support 
a plurality of recording tags ( e.g. , comprising universal 
forward priming sequence and a UMI ) which are available 
to a binding agent bound to the analyte . Individual recording 
tags possess a common spacer sequence ( Sp ) complemen 
tary to a common spacer sequence within coding tags of 
binding agents , which can be used to prime an extension 
reaction to transfer coding tag information to a recording 
tag . For example , the plurality of recording tags may co 
localize with the analyte on the support , and some of the 
recording tags may be closer to the analyte than others . In 
one aspect , the density of recording tags relative to the 
analyte density on the support may be controlled , so that 
statistically each analyte will have a plurality of recording 
tags ( e.g. , at least about two , about five , about ten , about 20 , 
about 50 , about 100 , about 200 , about 500 , about 1000 , 
about 2000 , about 5000 , or more ) available to a binding 
agent bound to that analyte . This mode may be particularly 
useful for analyzing low abundance proteins or polypeptides 
in a sample . Although FIG . 9A shows a different recording 
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