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(57) Abstract: The present disclosure relates to methods for assessing identity and spatial relationship between a polypeptide and a
moiety ina sample. In some embodiments, both the polypeptide and the moiety are parts of a larger polypeptide, and the present methods
can be used assess identity and spatial relationship between the polypeptide and the moiety in the same polypeptide or protein. In other
embodiments, the polypeptide and the moiety belong to different molecules, and the present methods can be used assess identity and
spatial relationship between the polypeptide and the moiety different molecules, e.g., in a protein-protein complex, a protein- DNA
complex or a protein-KNA complex.
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PROXIMITY INTERACTION ANALYSIS
RELATED APPLICATIONS
{6881}  The present application claitas priotity to U.S. provisional patent application Nos.
62/726,933, filed on Septemnber 4, 2018, 62/726,952, filed on September 4, 2018, and
62/812,861, filed on March 1, 2019, the disclosures and contents of which are incorporated by

reference in their entireties for all purposes.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE

{00642] The content of the following submission on ASCH text file is incorporated berein by
veference i its entirety: a computer readable form (CRF) of the Seguence Listing (File name:

4614-2000940 Seglist ST25 20190829; date recorded: August 29, 2019; size; 1021 bytes).
TECHNICAL FIELD

B083] The present disclosure relates to methods for assessing Klentity and spatial
relationship between a polypeptide and a moiety in 8 sample. In some embodiments, both the
polypeptide and the moiety are parts of a larger polypeptide, and the present methods can be
used to assess identity and spatial relationship betwesn the polypeptide and the moiety in the
same polypeptide or protein. In other embodiments, the polypeptide and the moiety belong to
different molecules, and the present methods can be used to assess identity and spatial
relationship between the polypeptide and the moiety in different molecules, e.g., in a protein-

protein complex, a protein-DINA complex or a protein-RNA complex.

BACKGROUND
{8084} Proteins play key roles in cellular and organismal physiology. Protocomics is the
study of proteins at a global level including measuring protein abundance, protein interactions,
and protein modifications. These protein measurements elucidate how proteins are used within
cells, within tissues, and within an organism, Moregver, identification of protein markers within
2 tissue, o a body fluid such as blood or plasma, can serve as a progrostic or diagnostic assay
reflective of a particular disease or disorder state, and provide & means to monttor the
progression of disease or disorder. Measurement of proteins within plasma is particularly useful
since the blood bathes most Hssues in the body, picking vp potential protein biomarkers from

cells and tissugs throughout the body, A major challenge in proteomics is that global analysis of

1
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proteine is difficult and current tools ave largely inadequate. Moreover, the most prevalent
method of proteonics analysis, bottom-up peptide sequencing with mass spectrometry, first
digests intact polypeptides into peptides, which are subsequently analyzed in LC-MS/MS. The
digestion of polypeptides into peptides disrupts protein-protein interactions, and destroys single
molecule information about the precise combinatorial identity of post translational modification
(PTM) on a given moleculs, i.e., protecform information is desiroyed. Top down mass
spectrometry has been utilized to resolve proteoforms, but still has a number of limitations
{Kilpatrick and Kilpatrick 2017}, As such, there is nesd for & robust technology to preserve both
information on protein-protein interactions, and information on single molecule protesforms

{particular combination of PTMSs on a given molecule}.

{00685} Accordingly, there remains a need in the art for improved teclmiques relating to
assessing or analyzing identity and spatial relationship between & polypeptide and a moiety ina

sample. The present disclosure fultills these and other related needs.

{8096} These and other aspects of the invention will be apparent upon reference to the
following detailed description. To this end, vavious references are set forth herein which
describe in more detail certain background nformation, procedures, compounds and/or

compositions, and are each hereby incorporated by reference in their entirety.

BRIFF SUMMARY
10087 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 clsimed subject matter will be
apparent from the detailed description including those aspects disclosed in the accompanying

drawings and i the appended claims.

06081  In one aspect, the present disclosure provides a method for assessing identity and
spatial refationship between a polypeptide and a moiety in a sample, which method comprises:
a) forming a linking structure between a site of a polypeptide in a samaple and 2 site of a motety
in said sample, said linking structure comprising a polypeptide tag associated with said site of
said polypeptide and a moisty tag associated with said site of said moiety, wherein said
polypeptide tag and said moiety tag are associated; b) transferring information between said
associated polypeptide tag and said moiety tag or ligating said associated polypeptide tag and
said moiety tag to form a shared unigue molecule identifier (UMY and/or barcode; ¢} breaking
said linking structure via dissociating said polypeptide from said moiety and dissociating said

2
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polvpeptide tag from said molety tag, while maintaining association hetween said polypeptide
and said polypeptide tag, and maintaining association between said moiety and said moiety tag;
and ¢} assessing said polypeptide tag and at least & partial sequence of said polypeptide, and
assessing said moiety tag and at least a partial identity of said molety, wherein said asseesed
portions of said polypeptide tag and said wolety tag comprise said shared unique molecule
identifier (UMT} and/or barcode indicates that said site of said polypsptide and said site of said

moiety in said sarople are i spatial proximity.

09691 In one aspeet, the present disclosure provides a method for assessing identity and
spatial relationship between a polypeptide and a moiety in a sample, which method comprises:

a) providing a pre-sssembled structure comprising a shared unique molecule identifier (UME)
and/or barcode in the middie portion flanked by & polypeptide tag on one side and a maoiety tag
on the other side; b) forming a linking structure betwsen a site of a polypeptide in a sample and
a site of a moiety in said sample by associating said polypeptide tag of said pre-assemblad
structure to said site of said polypeptide and associating said moiety tag of said pre-assembled
structure 1o said site of said moiety; ¢} breaking said Hnking structure via dissociating said
polypeptide from said rolety and dissociating said polypeptide tag from said moiety tag, while
maintaining association between said polypeptide and said polypeptide tag, and maintaining
association between said moiety and said moiety tag; and d} assessing said polypeptide tag and
at feast a partial sequence of said polypeptide, and assessing said molety tag and at least a partial
identity of said moiety, wherein said assessed portions of said polypeptide tag and said mofety
tag comprise said shared unique molerule identifier (UME) and/or barcode indicates that said site
of said polypeptide and said site of said molety in said sample are in spatial proximity.

{8018} Alse provided herein is a method for assessing identity and spatial relationship
betwesn a polypeptide and a moiety in 2 sample, which faethod comprisee: a) forming a linking
structare between a site of a polypeptide in a sample and a site of 2 moiety in said sample, said
linking structure comprising a polypeptide tag associated with said site of said polypeptide and a
moicty tag associated with said site of said mofety, wherein said polypeptide tag and said moiety
tag are associated; b) transferring foformation between said associated polypeptide tag and said
molety tag to form a shared unigue molecule identifier (UME) and/tr barcede, wherein the
shared UM and/or barcode is formed as a separate record polvnuciestide; ©) breaking said

linking structure via dissociating said polypeptide from said moiety and dissociating said
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polypeptide tag from said molety tag, while maintaining association between said polypeptide
and said polypeptide tag, and maintaining sssociation between said moiety and said moiety tag;
q) sssessing said polypeptide tag and at least a partial sequence of said polypeptide, and
assessing said moiety tag and at least a partial identity of said moisty; and ¢} assessing said
separate record polynuclectide to establish the spatial relationship between the site of the

polypeptide and the site of the moiety.

{8611 In some embodiments, the principles of the present methods and compositions can be
applied, or can be adapted to apply, to the polypeptide analysis assays known in the att or in
related applications. For example, the principles of the present methods and compositions can
be applied, or can be adapted to apply, to the compaosition, kits and methods disclosed and/or
claimed in U.8. Provisional Patent Application Nos. 62/330,841, 62/338,071, 62/376,388,
62/579.844, 62/582.312, 62/583,448, 62/579,870, 62/579,840, 62/582, 816, International Patent
Application Publication No. WO 2019/089836, WO 2019/089846, WO 2019/085851, and
International Patent Application No, PCT/US2017/030702, published as WO 2017/192633 AL

BRIEF DESCRIPTION OF THE DRAWINGS
{0121  Non-limiting embodiments of the present invention will be described by way of
example with reference to the accompanying figuees, which are schematic and are not intended
1o be drawn to scale. For purposes of illustration, not every component is labeled inevery
figure, nor is every component of each embodiment of the invention shown where itlustration is

not necessary o allow those of ordinary skill in the art to understand the invention.

SRR Figure 1 illusirates an exemplary workflow for association by proximity labeling.
Proximity of peptide regions within a polypeptide or between associated proteins can be
recorded and afler digesting into peptide fragments and ProteoCode sequencing (Seze.g, U5
Provisional Patent Application Nos. $2/330,841, 62/339,071, 62/376,886, 52/579,844,
62/582,312, 62/583,448, 62/579,870, 52/579,840, and 62/582,916, International Patent
Application Publication Mo. WO 2015/089838, WO 2019/089846, WO 2019/089851, and
International Patent Application No. BOT/USZ017/430762, published as WO 2817/192833 A1},
shared UMIs can be used to map “proximal peptides™ {A). A protein sample comprised ofa
protefn complex with P, polypeptide, and M, moiety (in this case another polypepiidey, is
labeled with DNA tags. (8). Proximal DNA tags (within 2 pelypeptide and between P and M

polypeptide units) are allowed to interact and exchange information. In the example shows,
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Ny

soother. (€} The profeiv complex is dissociated, and reactive aming soid residaes such a8
cysteines and lysines are copped. (B The denatured polypeptides ave digested with an
endoprofease, such ag Trypam. {?&Z)a The vegultant pept}‘éﬁ frapments are comprised of varions

tvpes of frgmenty including pepile

shared UM wformation, peptides &

and unlabeled popiides. (F). The rTsg-labeled ysg«tides arg imwmobilized onto the appmpriate-

sequencing subsirate fir ProteoCode peptide sequencing. {G) Protestode peotide sequencing
is completed, and proximity associated peptides detenmined by dentifying sharved UMI
BEQUENEES

R Figure 3 fhustrates exemplary forrmats and design of prowimity encoding tags. (Al

~

DNA proximily encoding tags for two-sided proximity extension encoding. {8} DNA
proximity suvoding tags for one-sided proximity extension encoding. {€). DNA proxvimity

encoding tage for proximity Hgation encoding. (). DNA proxinuty envoding tags for

proximity Hgation {alternste formal with exsgenous UMI ss:qx;mzs:s}. (B ADNA g

corpprishng & UMY & attached to 7 (e My, & complomentary primer to the 37 portion of the
DINA tag is hybridized to the P-attached BNA tag. The complementary tag conlains an optional

UM and 8 conjugating functional slement (v the sxample shows, B - beozo phenone), Thy

<1

BP cloment attaches to the M reg

&

o, and 1 subsequent primer extension step ransfers the UMI

i ¢

o

information. A similar seguencs of evenis o 'h}fba'idiza‘smﬁ or figation followed by functional
conjugation to M oan be used for seenarios 2B, (¥, Multipoiy attachment disgram. The

DNA tgs can be pre-hybridized before confugation {o the B-M complex, o can be conjugated

first and thes hybridized, Information is anstorred fum the P iag to the two M-tags by primer

g

i

sxtension. Other msthods con also be used nchuiding Hgstion, botl double and single stranded

i
ie

JBEISE Figure 3 iHlustrates exemplary proximity sncoding of macromolecule ard
macromoteonie complexes via DNA tagging and provimify extension. {4}, DNA tags with

embedded barcodesUMIs sre attached to 8 polypeptide modecule. Proximity sxtension between

neighboring DNA tags leads to ons way or two way nformation transfer betwesn the lags
{depending on tag design). The net result is that proximal DNA-tagged sttes share Ud¥Pharcode

ypepiide is then cleavad into peptide fragments, many of which are labelad
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with DNA tag (B)s containing proximal UMI information. {B}. Protein complexes can be
labeled with UMI/barcode DNA tags that are allowed to exchange mformation by proximity
extension. The dotted Hnes itlustrate the extended DNA tag containing shared UMU/barcode
information. Shared UMI information can then be used to reconstruct the identity of interacting

proteins (i.e., A interacting with B).

{8016]  Figure 4 tlostrates exemplary proximity encoding of macromalecule and
macromolecule complexes via DNA crosslinking of UMPBarcode containing DNA crosshinkers.
{A). DNA crosslinker containing a UMI/barcode sequence and benzophenone (BP) for coupling
to the polypeptide backbone. BP DINA crosslinker has crosslinked two proximal sites on
polypeptide. BP is shown for illustration purposes (Park, Kob et al. 2015}, but any chemical
conjugation reagent that reacts with the peptide backbone or amino acid side chains can be used
{Hermanson 2013). After cleavage into peptides, a subset of peptides is or are labeled with
proximity DNA tags sharing UMI information, {B). DNA crosslinker with UMls are used to
label proximal sites in a protein complex. After labeling, proteins In proximity contain DNA

tags sharing UMI information.

{8817} Figure § illusirates exemplary sequence design of proximity DINA crosslinkers. Box
P and box M, illustrating attachment to P polypeptide and M moiety, respectively, are
understood to be present throughout this iflustration. {A}. Design of DNA tags capabie of
proximity extension and formatied to serve as a “recording tag” for downstream ProteoCode
peptide/protein analysis, {B). The tags shown use BP for labeling peptide sites, but any
chemically reactive group to the peptide backbone or peptide amino acid residues can be used.
The sequence structure of the double stranded DNA crosslinker is showsn with different
sequence elements useful for conversion © a resording tag. F1 ~ forward primer sequence with
built in restriction enzyme (RE) site, Spl = Spacer 1 for priming, Sp2 = Spacer 2 for priming,
UMI = unigue molecular identifier, apostrophe denotes complement sequence. The double
stranded DINA crosshinking tags are constructed by annealing two oligonucieotides, one
containing the UML, and the other capable of priming on the UMI oligo. A primer extension
step writes the UMI to the other strand creating a dsDNA crosslinking tag. A restriction enzyme
digest can be used to removing regions of the crosslinked tag to prepare it for “recording tag”

format. (). After the peptides with DNA tags are inmobilized on the sequencing substrate, the
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Spl and Sp2 sequence can be converted nto an Sp seguencs {vecording tag structure) for use in

at NGPS sequencing assay.

{8618 Figare 8. Designof DNA tags for Direct Chemica! Trumobilization or
Hybridizatiow/Ligation immobilization on Sequencing Substrates. The lHnker between the DNA
tag and the peptide can be attached to the 57 termainus {A) or via an internal lnkage to the DNA
(B} Inthe example shown in C-E, and internal linker is used to enable «fficlent hylwidization of
the 37 phosphorylated end of the DNA tag to DNA hairpin captire probes on the sequencing

vid

74

substrate. {C-E}). Peptides with attached DNA tags are annesled t sequencing substrates
somobilized TINA capture probes. After annealing, the DNA recording tag is ligated to the

surface caphare probe.

{818 Figure 7 illustrates an exemplary workflow for association by proximity labeling,
{A}. A protew sample comprised of a protein complex with P, polypeptide, and M, moiety (in
this case another polypeptide}, is Inbeled with DNA tags, (8) Proximal DNA tags (withina
polypepiide and betwean P and M polypeptide unite) are allowed 1o interact. In the example
shows, primer extension 18 used o transfor information between the polypeptide tag and the
maiety tag 1o generate a separafe record polyouclectide. {€). The proteln corapley is
dissociated, and optionally reactive amine acid residues such as oystemes and fysines are
capped. {3}, The denatured polypeptides are digested with au endoprotease. {E). The resulfant
peptide fragments are comprised of various types of fragments including peptides lgbeled with
proximity recording tags (rTags) containing shared UMI information, peptides labeled with
recording tags {(w/o shaved UM information), unlabeled peptides, and separate record
polynuclestides. (F). Separate record polynuclentides mre collected and snalyred and the rTag-
labeled peptides are immobilized onto the appropriste sequencing substrate for ProtecCode
peptide sequencing. (G}, ProteoCode peptide sequencing is completed, and proximity

associated peptides determined by identifying shared UMI sequences.

{6928}  Figuve 8 depicts ligation based proximity cycling. The polypeptide and moiety are
{abeled with DNA tags which are used for privner extension to generste double stranded DNA
tag products {(Flx. 8A-8B). Ligation ermocycling generates records which provide

information on the proxitaity of the polypeptide to the moleties (FIG, 8C-8D).

{86211 FHx 84-9C depicts the generation of separate record polynucleotides from the

polypeptide tag and from one or more wolety tags. In an exemplary embodiment, the

-
H
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polypeptide is in spatial proximity of a first moiety (M1} and a second motety 2 (M2). Two or
more separate record polynucieotides are formed in pairwise Hinking structures, which ndicates
that P is in spatial proximity of M1 and MZ. In addition, fiwther separate record polynucieotides
between M1 and M3 or M2 and M4 are formed, indicating that M1 and M3; M2 and M4, are in
spatial proximity. In some embodiments, the polypeptide and one or moore moisties in spatial
proximity {e.g. P-M1-M3} is indicated by indirect or overlapping information from one or more

separate record polynucleotides (FIG. 9C).

{6622} FIG, 10A-188 depict an exemplary model sysiem for labeling proximal meclecules
and protein analysis. FEG. 10A (top left) shows in schematic form three molecules: DNAT,
DINAZ, and Peptide (K(Biotin)GSGSK{NIYGSGIRFAGVAMPGAEDDVVGSGS-K(N3-NHZ
as set forth in SEQ ID NG: 1). These components are used in Example 7 1o construct 2 model
ligking structure between a site of 8 polypeptide and a site of a moiety. The §” end of DNAL
consists of a 24 nt sequence designed to hybridize to DNAY’, a complementary capture sequence
attached to beads. UMI-1 is a randomized sequence that functions ag a unigue molecular
identifier; sp is 8 spacer sequence that is used for attachment of 3 capping sequence and
encading sequence that enables NGS sequencing; “U™ indicates an uracil base that can be
cleavad to remove the downstream PEG linker-sp”-UMI-1’-0OL” sequence following information
transfer from DNAT to DNAZ. This section 15 used for information transfer from DNAT fo
DNAZ and/or forming a linking structure between DNAT and DNAZ2. Removal following
wanster ¢liminates the complementarity created between DNAIT and DNA2 as a result of
information transfer, aflowing the DNA1unoiety and DNAZ2-peptide coraplexes to separate
under mild conditions following trypsin ¢cleavage. This enables trypsin cleavage, and
subseguent hybridization and ligation of the DNA2-peptids complex to a DMNAZ capture
sequence to be carried out under mild, homogeneous conditions. The DL sequence at the 3°
end of DNAT iy complementary to OL at the 3° end of DNAZ, enabling polymerase 1o exten
DNAZ using DNAT as the template. Copying is terminated at the PEG linker. The 57 end of
DINAZ consists of a 24 nt sequence designed to hybridize to DNAZ, a complementary capture
sequence attached to beads. The peptide contains a single phenylalanine (F) immediately
downstream of a-single trypsin cleavage site. In this way, trypsin treatment can produce two
sub-peptides. For didactic purposes, these are referenced in Example 1 as a model peptide that
contains F at the amino-terminus, and a model moiety that contains Biptin attached to a tysine

(X} at the N-terminus. DNAT and DNAZ each contain DBCO (not shown in the schematic) to

8
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enable attachrnent to the N3 (azide) moidetics in the Peptide by suitable methods such as click
chemistry, as iHlustrated i the upper middle panel. The upper vight and lower left pancls
illustrate beads cortaining a minture of captire sequences for DMAT and DNA2 {not
distinguished in the illustration). In the lower left panel, the DNAL-DNAZ2-peptide complex is
shownt capdured on the bead via DMNAL captore sequence. Capture via DNAT and niot DNAZ i
sccomplished by temporarily biocking the BNAZ caphure sequence during this capture step.
Following capture of the complex, information transfer takes place by infra-molecular extension
{i.e. within an individual DNAI-DNAZ-peptide complex), as illustrated in the lower middie
panel. In the bottom right panel, USER cleavage and washing removes from DNAL the region
of complementarity created by intra-molecnlar extension. This enables the peptide-DNAZ

fragment to be released under mild conditions following trypsinization.

16823} FIG, 188 top left recapitulates Fig. 18A bottom vight for purposes of coptinuity.
Fig. 188 top middle shows moiety-DNAT and peptide-DNAZ complexes captured via their
respective DNAL and DNAZ2’ capture sequences attached to a solid support. The top right
panel and lower middle panet lustrate an encoding process to assess the polypeptide sequence
and the moiety, where segA and segB identify the moiety (Biotin, “B”) aud peptide
{pheoylalanine, “F} binding agents respectively. The lower right panel shows the capping step

that uses the ap sequence to add R, a cap sequence, to enable subsequent sequence analysis via

DETAILED DESCRIPTION
{0824]  Numerous specific details are set forth in the following description in order to
provide a thorough understanding of the present disclssure. These details are provided for the
purpose of example and the claimed subjest matter may be practiced according to the clalms
without spme or 2l of these specific details. 1t is to be understood that other smbodiments can
be used and structural changes can be made without departing from the scope of the claimed
subject matter. It should be understood that the various features and functionality described in
one o move of the individual embodiments are not limited in their applicability to the particular
embodunent with which they arg described. They instead can, be applied, alone or i some
combination, to one or more of the other embodiments of the discloswre, whether or notsuch
embodiments are described, and whether or not such featiures sre presented a3 being apartofa

described embodiment. For the purpose of clarity, technical material that is kuown in the
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echuical fiekds related to the claimed subject rastter has not been described in detail so that the
claimed subject matter 1s not unnecessarily obscured.

{88237 Al publications, including paterdt documents, scientific articles and databases,

giecved to in this spplication are Incorporated by reference in their entiveties for all purposes to

o

the same extent as if each individual publication ware individually tncorporated by reference.
Citation of the publications or documents is not intended as an adiaission that any of thum s
sertinent prior art, ror doss it constituts any sdmission as o the rontends or date of these
publications or documents.

19G261 Al headings are for the converdence of the reader and should not be used 10 bimit the

meaning of the text that follows the heading, unless so specified.

{BGETY The practice of the provided embodiraents will employ, wiless otherwise indicated,
conventional techriques and descriptions of organic chemistry, polvmer techiology, moleeniar
hiclogy (ucluding recombinant technignes), cell biology, bicchemistry, and seguencing
technology, which sre within the skill of those who practice i the st Such vonventional
techniques inchude polypeptide and protein syuthesis and medification, polyaueleotide andfor
cligonucieotide synthesis and modification, polymer avray synthesis, hybridization and ligation
of polymiclestides and/or oligonucleotides, detection of hybridization, and nucleotide
seguencing. Specific Hostrations of suiable technigues can be had by referance fo the examples
herein, However, other equivalent conventional procedures can, of course, alss be used. Such
copventiona! fecldques snd desoripfions can be found i standard laboratory manoaly such as
Green, of al., Bds., Genome dnalvsic: 4 Laboratory Movwald Sevies (Vols, 1V {1999}, Weiner,
Cabriel, Stephens, £ds., Genetic Fariation: 4 Labovatory Meomeal (2007}, Diefenbac
Diveksler, Bds., PCR Primer: 4 Labovatory Manudd {20035 Bowtell and Sambrook, DNA
Microarsavs: 4 Molecular Cloning Monual {2003y, Mount, Sioinformaiios: Sequence and
Genome dnalesis (2004); Sambrook and Russell, Condensed Protocels from Moleoular
Cloning: A Laboratory Manual (2006); snd Sambrook snd Russell, Modecular Clondng A

Labaratory Manual (2002} (all fom Cold Spring Harber Laboratory Freas); Ausubsl ef of eds.,

ASad

A

Crprent Protocols i Molecidar Bicloge (1980, T, Brown od., Essenpial Moleculay Rislogy
{19913, IRL Press; Goeddel gd., Gone Expression Teclnnlogy {1991}, Avademic Press; A
Dothwall of o eds., Methodr for Cloving and Anafvsis of Enforyoric Gener {1990}, Bartett

Publ: M. Kriegler, Gene Transfer and Eypression (1994, Stockion Preas: R, Wy et ol eds.,
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and assessing spatial refationships that is accurate, sensitive, and/or high-throughput. In some
embodiments, the provided methods allow for assessments, analysis and/or sequencing that
overcomes consiraints 1o achieve accurate, sensitive, and/or high-throughput assessment of

spatial relationships between molecules and the identity of the molecules (e 2., sequence).

{8036} in some cases, the provided methods aliow for identification of the molecules in
proximity without the need for specific binding reagents to detect molecular targets for which
information regarding the spatial interaction is desired. In some examples, the provided methods
for assessing spatial proximity do not require specific target-binding moieties, such as antibodies
or binding fragments thereof, to bind to specific molecular targets. In some embodiments, the
present disclosure provides, in part, methods for analyzing proximity of molecules (e.g.,
proteins, polypeptides, moleties), for assessing interactions between molecules, and/or to map
interactions between two or more molecules. In some embodiments, the provided methods
comprise attaching of polypeptide tags and moiety tage that are able o bind g variety of
polypeptides and moieties. In some embodiments, an exemplary advantage of the provided
methods include the ability {0 assess interactions of numerous molecules (e.g., polypeptides and

moieties) in a sample that are in proximity.

8031} In some crabodiments, the target polypeptide is a part of a larger polypeptide and the
moiety Is also part of the same larger polypeptide. In some embodiments, the provided methods
are used to analyze a polypeptide and a moiety which are both part of 2 larger polypeptide and
the analysis is useful for appHeations in sequencing. In some embodiments, the methed includes
assessing af least a partial sequence of the polypeptide and the molety. In some cases, the
sequence information of the polypeptide and moiety can be used for identifving peptide
sequence matches. In some examples, the provided methods allow increased confidence and/or
acouracy for sequencing applications, inclading mapping sequences to polypeptides.

{532} In some embodiments, the provided methods may provide the benefit that shorter
and/or less accurate sequences can be used compared to the longer and/or more accurate
sequences that may be required using a method for identifying proteins without information of
proximal molecules. In some embodiments, the provided methods may be used together with
physical partitioning. In some embodiments, the provided methods allow construction of 3
petwork osing the proximity information such that physical partitioning Is not required.

Drefinitions

otk
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o833 Uniless defined otherwise, alf technical and scientific terms used herein have the same
meaning as is commonly understood by one of ordinary skill in the art to which the present
disclosure belongs. Ifa definition set forth in this section Is contrary to or otherwise inconsistent
with g definition set forth in the patents, applications, published applications and other
publications that are herein incorporated by reference, the definition set forth in this section

prevails over the definition that is incorporated herein by reference.

{6834} As used herein, the singular forms “a,” “an” and “the” inchsde plural referents unless
the context clearly dictates otherwise. Thus, for example, reference to “a peptide” includes one
or more peptides, or mixtures of peptides. Also, and unless specifically stated or obvious from
context, as used herein, the term “or” is understood to be inclusive and covers both “or” and

“c’iﬂd”.

{88351 As used herein, the term “macromolecule” encompasses large molscules composed
of smaller subunits. Examples of macromolecules nchede, but are not Hmited to peptides,
polypeptides, proteins, micleic acids, carbohydrates, Hpids, macrocyeles. A macromolecule also
inclades a chimeric macromolecule composed of a combination of two or more types of
macromolecules, covalently linked together {e.g., & peptide Hnked to a rucleic acid). A
macromolscule may also inchide a “macromolecule assembly”, which is composed of non-
covalent complexes of two or more macromolecules. A macromolecule assembly may be
composed of the same type of macromolecule (e g., protel-protein) or of two more different

fypes of macromeolecules {e.g., protein-DINA}L

168034] Asused herein, the term “polypeptide” encompasses peptides and proteins, and refers
to a molecule comprising a chain of two or more aming acids joined by peptide bonds. In some
embodiments, a polypeptide comprises 2 to 50 amino acids, e.g., having more than 20-30 amino
acids. In some embodiments, a peptide does not comprise 2 secondary, tertiary, or higher
structure. In some embodiments, the polvpeptide is a protein. In some embodiments, g protein
comprises 30 or more aming acids, e.g. having more than 50 amino acids. In some
embodiments, in addition to a primary structure, a protein comprises a secondary, tertiary, or
higher structure. The amine acids of the polypeptides are most typically L-amino acids, but may
alsc be D-amino acids, modified amino acids, amino acid analogs, amine acid mimetics, or any
combination thereof. Polypeptides may be naturally occurring, synthetically produced, or

recombinantly expressed. Polypeptides may be synthietically produced, isolated, recorobinantly
P
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expressed, or be produced by a combination of methodedogies as deacribed above. Polypeptides
may aleo comprise addittonal grougps modifving the ampinoe acid chain, for sxample, Snctional
groups added vie post-transiational modification. The polvmer may be hinear or branched, i may
comprise modified amino acids, and it way be interrupted by nov-aming acids, The term also
enCOMpasses anaining acid polymer that has been modified naturally or by dervention; for
example, disulfide bond formation, glycosylation, ipidation, acetylation, phosphorylation, ar

anny other manipulation or modification, such as compugation with g labeling component,

37 As used herein, the terma “amine acid” refers to an vrgamic compound cotprising un
aniine group, a carboxyle acid group, and a side-chain specific to cach amine seid, which serve
as a monomeric subunit of a peptide. An aming acid fnchudes the 20 standard, naturally
cocuring or canonical aniino acids as well as non-standard amine acids. The standard,
natrraltv-conurring aning acids include Alanine (A or Als), Cysteine {C or Cys), Aspartic Acid
{3 or Asp}, Glutade Acid (B or Gh), Phesylalanine (F or Phe), Glyeine (G or Gly), Histiding

{H or His}, lsoleucine (¥ or Tle), Lysine (K or Lys), Leucine (L. or Leun}, Methionine (M or Met},

N

o

sparagine (N or Asn}, Proline (¥ or Pro}, Ghutamine (3 or Gln), Arginine (R or Arg), Serine {8
ar Rer), Threonine {T or Thr), Valine (V or Val), Tryptophan {W or Trp), and Tyrosine (Y or
Tyr} Anainino acid reay be as L-amine acid or 1 D-amine acid. Non-standard amino acids
may be modified aming acidy, amme acid analogs, aming acid mimetics, non-standard
proteinogentc anuno acids, or non-proteinogenic suiino acids that ccour vaturally or are
chemteally synthesized. Examples of non-standard amine acids include, but are not Himited to,
selenocysteine, pyrrolysine, snd N-formybmethionine, Bantine acids, Home-amino acids,
Proline and Pyruvic acid derivatives, 3-substituted alanine devivatives, glycine devivatives, riug-
substituted phenylalanine and tyrosine derivatives, linear core amino scids, N-methyl amine
acids.

16381 As used heretn, the term “post-ivanslational modification™ refers to modifications that
oncar op a peptide after its transletion by ribosomes is complete, A post-transiationsd
modification may be a covalent chundeal modification or snzymatio madification. Hxamples of
post-translation modifications inchude, but are not himited to, soylation, avetyiation, slkviation
{nchiding methylation}, biotinylation, butvrylation, carbamylation, carbonylation, deamudation,
deiminiation, diphthamide formation, disulfide bridge formation, siminylation, favin

sttactpoent, formylation, pamma-carboxyiation, ghstamylation, glyeylation, glycosylation,

14
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glypiation, beme C attrehment, hydroxylation, hypusing formation, todination, isoprenylation,
lipidation, lipoylation, malonylation, methyiation, myristolylation, oxidation, palmiteviation,
pogyiation, phosphopantethemylation, phosphorylation, prenylation, propionyiation, retinylidene
Schiff base formation, S-ghitathionyiation, S-nitrosylation, Sesulfeaylation, selenation,
sacoinylation, sulfination, whiguitination, ad Caeneingl amidation. A post-transiational
modification inchudes modifications of the amine termious andfor the carbowyl terminus of &
peptide. Maodifieations of the terminal aming group include, but are not Bmited to, des-amino,
N-dower allyl, N-di-lower alkyl, and N-acyl modifications, Modifications of the terminal
carboxy group inciude, but sre not Hndted to, andde, lower alkyl amide, dialkyl amide, and
kwer sikyl oster modifications {e.g., wheredn lowsr aliyd is Ci-Cy alkyl). A post-transiationad
maditication also inchudes mudifications, such as but not Hmited to those describad above, of
amino acids falling between the amino and carboxy texmind, The term post-transiational

modification can also include peptide modifications that include one or more detectable labels,

69397 Asused berein, the term “binding agent” refors to a nucleic acid molecule, a peptide,
a polypeptide, & protein, carbohydrate, or g small molecule that binds 16, assooiates, unites with,
recognizes, or combines with a polypepiide or 2 component or festore of & polypeptide. A
binding agentmay form a covalent assooiation or non~covalent assoolstion with the polypeptide
or component or featre of & polypeptide. A binding agent miay aiso be 3 chimeric binding
agent, composed of two or more types of moleoules, such as 3 nucleic acid molecule-peptide
chimeric binding agend or a carbohydrate-peptide chimeric binding agant. A binding agent may
& natprally ocewrring, syathetically prodoced, or repombinmly expressed moleaide. A
binding agent may bind © a single monomer or subiuit of a polypeptide {e.g., & single amine
acid of s polypeptide) or bind fo a phurality of lideed sabunits of a polypeptide {e.g, a dipeptide
. irbpeptide, or higher onder peptide of a longer peptide, polypeptide, or protetimnolecule). A
binding agent may bind {0  linear melecule or 3 molecule having a teee-dimensional structure
{slso referred to as conformation). ¥or example, an antibody binding agent may bind to Hnear
peptide, polypeptide, or protein, or bind to 2 conformational peptide, polypeptide, or protein. A
binding agent may bind to an N-terminal peptide, a C-terminal peptide, or an infervening peptide
of & peptide, polyneptide, or protein molecule. A binding agent may bind to an N-terminal
amino acid, C-terming! amine acid, or an intervening aming acid of a peptide molecule. A
binding agent may preferably bind to a chemically modified or labeled aminoe seid {e.g., a0

amine actd that ey been fnctionalized by a reagent comprising a compound of any one of

ot
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Fremula (13-(VID) as desoribed in International Patent Application No, WO 2019/084846) sver a
non-podified or unlabeled amino acid. For sxample, a binding agent raay preferably bind o an
amino acid that has been funclionalized with an acetyl moiety, che mofety, guanyl molety,
avino geaniding moiety, dansyl motety, phenyithiocarbamoy! (FTU) moiety, dintrophenyl
{I3NP} modety, sulfonyl nitopheny! {(SNP) musdety, ete., over an amine acid that doss not possess
said motety, A binding agent may bind & a post-rnnslational modification of a peptide
malecule. A binding agent may exhibit selective binding to & component or feature of a
polypeptide {e.g., a binding agent may selectively bind to one of the 20 possible natural aming
acid residues and with bind with very low affusity or not at alf 1o the other 19 nanwsl amino acid

4

residussy. A binding agent may exhibit less selective %‘mimg, wherg the binding agent is
{e.g, & hinding agent

capable of binding a phuraltity of components or features of & polypeptide

may bind with simiar affinity to two or more different awing acid residues). A binding agent

comprises a coding tag, which may be joined to the binding agent by a linker.

IS As used herein, the term "loorophere” refers to a mnlecule which absobs
eleciromagnetic energy at one wavelength and re-emits energy at another wavelength. A
Huoraphare mey be e molecule or part of & molecule inchiding fluorescent dyes and proteins,

<

Additionally, » Suvrophore may be chenucally, geretically, or otherwine connested or fised to
another molecule to produce a molecuds that has been "tagged™ with the fuorophore.

¥

fa041 Ag used her &n the term “Hnker” refere to one or more of a nuclentide, & mcleotide
analog, an amino acld, a peplide, a polvpeptide, or o nov-nucleotide chomical moiety that 18 used
o join fwo molscndes. A linder may be used 10 join a hinding agent with a coding 1s8g, &
reeoeding fag with a polvpeptide, a polypeptide with a solid support, a rwomrding tag with a solid
suppmt, ofe. Incertain sirbodiments, » linker joing two molecules via enzyniatic reaction o

hY

chemistry regsetion {e.g., click chemiztry}.

{8842} The term “Hgand” as waed herein refers to any molecule or modety comnected to the
i 3 S

compounds deseribed herein. “Ligand” may refer to one or more Hygends attached to a
compound, In some sobodiments, the Hgand i 2 pendant group or binding siie {e.g., the site {o

which the binding agent binds).
{8843} As used herein, the tenm “proteorns™ can include the snthre set of proteing,
polypeptides, or peptides (Including conpagates or complexes thereot) sxpressed by & ganoms,

cefl, tissue, or orgavism at 2 vertain thme, of awy organtsm. I one sspent, 1 s the set of

[y
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recording tag information does not efficiently transfer to the eoding tag under suitable conditions

for those embodinents nvelving extended coding tags rather than extended recording tags.

{6045 The terminal amine acid at one end of the peptide chain that has a free amino group
is reforred to herein as the “N-terminal amine acid” (NTAA). The terminal amino acid at the
nthey end of the chain that has 2 fres carboxyl group is referred to herein as the “Cterminal
amino acid” (CTAA). The amine acids making up 2 peptide may be numbered in ordex, with the
peptide being “»” amine acids in length, As used herein, NTAA is considered the #™ aming acid
{also referred to herein sa the “» NTAA™) Using this nomenclatuce, the next amino acid is the
n~i aming acid, then the #-2 amino acid, and so on down the length of e peptide from the N-
fermingt end to C-termingd end. I ceripin embodiments, an WTAA, CTAA, or both may be

functionalized with & chemical motety.

{8846} As used herely, the term “barcode” refers fo a nuclete acid molecule of about 2 1o
gbout 30 bases (e.g.,2, 2,4, 5,6, 7. 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21,22, 23, 24,
25, 26,27, 28, 29 or 30 bases) providing a unique identifier tag or origin information for a
polvpeptide, a binding agent, a set of binding agents from a binding cycle, o ssople
polypeptides, a set of samples, polypeptides within 8 compartreent {.g., droplet, bead, or
separated focation), polypeptides within a set of compartinsnts, & faction of polypeptides, a set

of polypeptide factions, a spatial region or set of spatial regions, a librury of polypeptides, or at

frars,

hrary of binding agents. A barcode can be an artificial sequence or o natmally ocourring
sequence. In certain embodiments, each barcode within a population of barcodes 1s different. In
other embodiments, a povtion of barcodes in a population of barcodes is different, e.g., at least
abont 10%, 15%, 20856, 25%, 30%, 35%, 40%, 43%, 50%, 55%, 60%, 63%, 70%, 75%, &0%,
%%, 90%, 95%, 97%, or 99% of the barcodes in a population of barcodes is different. A
population of barcodes may be randomly gensrated or non-randomly generated. In certain
embudimaents, a population of barcodes are error correcting barcodes. Barcodes can be used to
computationally deconvalute the nultiplexed sequencing data and wdentify sequence reads
derived from an individual pelypeptide, sample, Hbrary, ete. & barcods can also be ased for
deconvoluiion of & collestion of pulypeptides that have been distributed indo small
compartients for enhanced mapping. For example, rather than mapping a peptide back {o the

proteorne, the peptide is mapped back io its originating protein mudecule or protetn complex,

18
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{8047} A “sammple barcode”, also referred 1o as “sample tag” identifies from which sample a

polypeptide derives.

{08481 A “spatial barcode™ identifies which region of a 2.1 or 3-ID tissue section from
which & polypeptide derives. Spatial barcodes may be used for molecular pathology on tissue
sections. A spatial barcode allows for multiplex sequencing of a plurslity of samples or Hbraries
from tissue section(s).

{8049] As used herein, the term “coding tag” refers to a polynuclestide with any suitable
length, e.g., 8 nucleic acid molecule of about 2 bases 1o about 100 bases, including any integer
including 2 and 100 and in between, that comprises identifying information for its associated
binding agent. A “coding tag” may also be made from a “sequenceable polymer” {see, e.g., Niu
etal, 2013, Nat. Chem. 5:282-292; Roy et al., 2015, Nat. Commmun, 6:7237; Lutz, 2015,
Macromolecules 48:4759-4787; each of which are incorporated by reference in its entirety). A
coding tag may comprise an encoder ssquence, which is optionally flanked by one spacer on one
side or flanked by a spacer on each side. A coding tag may also be comprised of an optional
UMI and/or an optional binding cycle-specific barcode. A coding tag may be single stranded or
doubte stranded. A double stranded coding tag may comprise blunt ends, overhanging ends, or
both. A coding tag may refer to the coding tag that is directly attached to a binding agent, to a
complementary sequence hybridized o the coding tag direcily attached to a binding agent (e.g.,
for double stranded coding tags), or to coding tag information present in an extended recording
tag. In certain embodiments, & coding tag may fuxther comprise a binding cycle specific spacer

or barcode, a unique moleculer identifier, 2 universal priming site, or any corbination thereof.

§80G50} As used herein, the term “encoder sequence” or “encoder barcode” refers to & mucleic
acid molecule of about 2 bases to about 30 bases {e.g., 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 18,
16, 17, 18,15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 bases) in length that provides
identifying mformation for is associated binding agent. The encoder sequence may uniguely
identify its associated binding agent. In centain embaodiments, an encoder sequence provides
identifying information for its associated binding agent and for the binding cycle fn which the
binding agent is used. In other smbodiments, an encoder sequence is combined with a separate
binding cycle-specific barcode within s coding tag. Alternatively, the encoder sequence may
identify its associated binding agent as belonging to & member of a set of two or more different

binding agents. In some smbodiments, this level of identification is sufficient for the purposes of

it
el
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apalysis. For example, in some embaodiments iovolving a binding agesnt that binds o an amine
acid, it may be sufficient to know that a peptide comprises one of two possible amine acids at a
particular position, rather than definitively identify the amino acid vesidue at that position. I
another exarnple, 2 conuman encoder sequencs is used for polyclonal antibodies, which
comprises a mixture of antibodies that recogrize more than one epitope of 3 proteln iarget, and
have varying specificities. In other omnbodiments, where an encoder sequencs identifies a set of
possible binding agents, a sequential decoding approsch can be used to produce unigue
identification of each binding agent. This is accomplished by varying encoder sequences for a
given binding agent in repeated cyeles of binding {see, Gunderson ot al,, 2004, Genome Res,
14:878-7). The partially identifying coding tag information from each binding evele, when
comnbined with coding wformation from other oycles, produces a uniqus Wdentifier for the
binding agent, 2.g., the particular combination of cuding fags rather than an individual eoding
tag (or encoder sequence} provides the eniguely identifving information for the binding agent.
Preferably, the encoder sequencss within g library of binding ageots possess the same or a
similar pumber of bases.

{@nS1] As used herein the term “binding cyele specific tag”, “binding cyole specific
barcode”, ar “binding cyele specific sequence” refers to 2 unique sequance wsed to Mdentify a
tibrary of binding ngents used within 3 particular binding cycle. A binding cycle specific tag
may comprise about 2 bases to about 8 bases {e.g., 2, 3, 4, 5, 6, 7, or 8 bases) iv length. A
binding cycle specific tag may be incorporsted within a binding agent’s coding iag as part of a
spacer sequence, part of an encoder sequence, part of a UMY, or a5 4 separate component within

the coding fag.

{86521 As used herein, the torm “spacer” {(Sp) vefers 1o 3 nuekic acid molecule of about |
hasetoabout 20 bases (o.g., 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 28
bases) in length that is present on a termbus of a recording fag or coding tag. In certain
embodimenis, a spacer sequence flanks sn encoder sequence of a coding tag on one end or both
ends. Following binding of a binding agery 1o a polypeptide, sunesling between complementary
spacer sequences on thekr associated coding tag and recording tag, respectively, allows transfer
of binding oformation through a primer extension reaction or ligation to the recording tag,
coding tag, or 3 di-tag construct. Sp” refers 1o spacer sequence complementary to Sp.

Preferably, spacer sequences within a library of binding agsute possess the saoe nursher of
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bases, A common {shared or identical) spaver may be used in 3 Hbrary of binding ageats. A
spacer sequenss may have & “oyele specific” seguence in order to frack hinding agents used in 1
partivelar binding cycle. The spacer sequence (Sp) can be constant acvoss all binding cyeles, b
pecific for a particular class of polvpeptides, or be binding cvele number specific, Polypeptide
class-specific spasars pexoit annealing of » cognate hinding agend’s coding tag nformation

present in sn extended recording tag front a completed binding/extension cyele to the coding tag
of ancther binding agent recognizing the ssme class of polypeptides in a subseguent binding
cyele via the class-specific spacers. Ouly the sequential binding of corvect cognate pairs resulis
in interacting spacer elements and effective primer extennion. A spRoet S§QUENSE IAY SOMPrise
sufficlent nomber of bases 1o anneal to 8 crmeplementary spacer seguence in 4 recording tag o
inftiate a primer extencion {aleo referred to ss polymerase extension) reaction, or provide a
“spdint” for a Hgation reaction, or mediate o “sticky end™ ligation reaction, A spacer seguence

may comprise a fewer munber of bases than the encaoder seguence within a coding tag.

S} As used herein, the term “recording tag® refors to 3 molety, ez, # chemical coupling
modety, a nucleis avid molecule, or 2 sequenceable polymer moleule {see, g, Miu et al, 2013,
Nat. Chem, 5:282-292; Roy et al, 2015, Nat. Commun, 817237, Lutz, 2015, Macromeiesules
4R:4758-4767; sach of which are invorporated by reference i its entivety) to which wentifying

o~

information of 2 coding tag can be transferred, or fom which identifving information about the

&

o3

macromolecale {e.g, UMI inforrastion} sgsociated with the recording fag can be transferred to
the coding tag. Tdentifying information can comprise any information charscterizing a molecule
such ae inforreation pertabining to sample, fraction, pariition, spatial location, nteracting
neighboring molecule{s), evele number, ste. Additionally, the presence of UMI inforraation can
#lso be classified as identifying information. Invertain embodiments, after 2 binding agent
binds 3 goiymfpnés inforraation fom 2 coding tag Hoked to a binding agent can be transfrred
to the recording tag associated with the polypeptide while the binding agent is bound to the
peiypepti&e. In other embodiments, afler 8 binding agent binds 3 polypeptide, information from
a recording tag associated with the polypeptide can be transtorred to the coding tag linked to the
binding agent while the binding agent is bouad to the polypeptide. & recoding lag may be
divectly linked (o a polypeptide, linked to 2 polypeptide via 2 mukifenctional linker, or
assoriated with & polypeptide by virtue of s proximity {or co-localization} on a solid mupport.
A recording tag msy be Hoked via s 5 sod or 37 end or af an internal site, as long a8 the linkage

is conmpatible with the method used to fransfor codimg fag bformation to the recordmg tag o
$ 'S

21



WO 2020/051162 PCT/US2019/049404

vice versi. A recording tag may further comprise other fonctional components, €.g., 3 universal
prigdng site, unigue molecudar identifier, a barcode (e, a sample barcode, 8 fraction barcode,
spatial barcode, a conpariment tag, olc}, a spacer sequence that i complemantary o a spasar
sequence of a coding tag, o any combination thersaf The spacer sequence of a recording g s
preferably at the 37-end of the recording iag in embodiments where polymerase exteosion is used

to transfer coding tag information to the recording tag.

HEEE As used hereln, the term “priveer extension”, also referred o ag “polymerase
extension”, refers o a reaction catalyzed by & muwleic acid polyrosrase {e.g, INA polymerass)
whereby a nucleie acid molecule {e.g., oligomzciestide primer, spacer sequence} that anveal to 2

complenentary stand is extended by the polyroerase, using the compleniontary strand as

{8888} As used herehy, the tenn “unigue molecudar identifier” oy “UMI™ refers to a suclels
soid melecule ofabout 3 (o about 40 basen (3,4, 5, 6, 7, €, 9, 16, 11, 12, 13, 14, 15, 15, 17, 18
19,20, 21,22, 23, 24,25, 26,27,28, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 bases in
length providing a usique identifier tag for sach polypeptide or binding agent to which the UMI
is finked. A polypentide UMI can be used to computationaily deconvolute sequencing data frone
a phurality of extended recording fags to ety exiended recording tags that oniginated from an
individual polypeptide. & polypeptide UMI van be used io acourately count originating
polypeptide molecules by collapsing NGS reads to unique UMIs. A binding agent UMI can be
used o ddentify each individusl moleculsr binding agent that binds to g particular polypeptide.
For sxample, & UMY can be used 1o idenitfy the nember of ndividual binding events Tor g

binding agent specific for a single smine acid that cocims for & particular peptide molecule. i
anderstood that when UMY and barcode are hoth referenced in the context of a binding agent or
polypeptide, that the bargode refors to identifving biformation other thay the UM for the
mdividual binding agent or polypeptide {e.&., sample barcode, corapartment barcode, binding

cyele barcode).

{00861 Asusaed heretn, the term “aniversal priming site” oy “undversal p:stimer” or “universal
priming seguence” refers {0 a nucleic acid mulecule, which may be used for Ubrary

ampdification and/or for sequencing reactions. A universal priming site may mehide, but s not
fimtied tu, a priming sits {primer sequence} for POR amplification, flow cell adaptor sequences

fhat annes! to complementary oftgonucisotides on flow cell surfaces enabiing bridge

T
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{8058]  Asused herein, the term “extended coding tag™ refers to a coding tag to which
wformation of at least one recording tag (or its complementary sequence) has been transferred
following binding of a binding agent, to which the coding tag is joined, to a polypeptide, to
which the recording tag is associated. Information of a recording tag may be transferred (o the
coding tag directly {e.g., ligation), or indirectly (e.g., primer extension). Information of a
recording tag may be transferred enzymatically or chemically, In certain embodiments, an
extended coding tag comprises nformation of one tecovding tag, reflecting one binding event.
As used herein, the term “di~tag” or “di-tag construct” or “di-tag molecule” refers to a mucleic

acid molecule to which information of at least one recording tag {or 18 complementary
sequence) and at least ene coding tag {or its complementary sequence) has been transferred
following binding of a binding agent, to which the coding tag is joined, to a polypeptide, io
which the recording tag is associated (see, a.g., Figure 118 of International Patent Application
Publication No. W 2017/192633). Information of a recording tag and coding tag may be
transferred to the di~tag indirectly {(e.g., primer extension). Information of a recording tag may
be transferred enzymatically or chemically. In certain embodiments, a di-tag comprises a UMI
of a recording tag, a compartment {ag of 8 recording tag, a universal priming site of a recording
tag, a UMI of 2 coding tag; an enceder sequence of a coding iag, a binding cycle specific

barcode, a universal priming site of a coding tag, or any combination thereofl

{8459] As used herein, the term “solid support”, “solid surface”, “solid substrate”,
“sequencing substrate”, or “substrate” refers to any solid material, mclnding porous and non-
porous materials, to which a polypeptide can be associated directly or indirectly, by any means
known in the art, inghuding covalent and non-covalent interactions, or any combination thereof
A solid support may be two-dimensional {e.g., planar surface} or three-dimensional (e.g., gel
matrix or bead). A solid support can be any support surtaes including, but not Hmited to, a bead,
a microbead, an array, a glass surface, a silicon surface, a plastic surface, a filter, a membrane,
nylon, a silicon wafer chip, a fHow through chip, # flow cell, a binchip including signal
transducing electronics, a channel, a microtiter wel, an ELISA plate, a spinning interferometry
dise, @ nitrocellulose membrane, a nitrocellulose-baused polymer swrface, a polymer matrix, a
nanopariicle, or a microsphere. Materials for a solid support include but are not limited to
acrylamide, agarose, cellulose, nitrocellulose, glass, gold, quartz, polystyrene, polyethylene
vinyl acetate, polypropyviens, polymethacrylate, polyethyiene, polyethylene oxide, polysilicates,

polyearbonates, Teflon, fluoracarbons, aylon, silicon rubber, polvanhydrides, polyglycolic acid,

24
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polyactic scid, polyorthoesters, functionalized sifane, polypropylfumerate, collagen,
glycosaminegiveans, polyaraing acids, dextran, ov any combination therend. Solid supports
further include thin film, membrane, bottles, dishes, fihers, woven 8bers, shaped polymers such
as tubes, particles, beads, microspheres, microparticles, or any combination thereot. For
example, wheg solid surface is a bead, the bead can include, but is vt fnited to, 3 veranmie
bead, polystyrene bead, & polymer bead, a msthylstyrene bead, an agarose bead, an acrylamide
bead, a solid core bead, a povous bead, a paramagnetic bead, a glass bead, or a controlled pors
tead. A bead may be spherical or an iregularty shaped. & bead or support may be porous, A
bead’s size many range from nanometers, e.g., 100 ooy, to milimeters, eg., 1 mm. In cortain
embodimenis, beads range in size from about 0.2 micron to abowt 200 microns, or from about
.53 micron to about § microns. In some embodiments, beads canbe sbout 1, 15,2, 2.5, 28, 3,
3.5,4,4.5, 5, 5.5,6,65,7,7.5,8,85,8,95, 14, 18.5, 15, or 20 wn bn diameter. To cortain
embodiments, “a bead” solid support muay refer to an individual bead or a plurality ofbeads. In
some embodiments, the solid surface is 2 nanoparticls, In ceriain embodiments, the
nanoparticles range in size fon: about 1 ron to about 500 mn in diamster, for example, between
about 1 rum and abowt 20 1w, between sbout | nin and about 56 nm, between about ! ayn and
about 100 nm, between sbout 10 nm and gbout 50 mn, between sbout 10 nm and abowt 10¢ am,
between about 10 nm and abowt 200 s, betwvesn abowt 50 nam snd about 180 nos, between
ahcut 50 nm and about 150, between about 50 nn and shout 200 nm, batwsen abowt 100 mm and
aboat 200 nen, or between shout 200 nm and about 500 wn in diameter. T some emboediments,
the nanoparticles can be aboat 10 mo, about 50 mm, about 100 om, sbout 150 nm, about 200 om,
shout 300 i, or 2bout JG nm in diamster, In some smbodiments, the nanoparticles are fess

than about 200 nmn in dismeter.

[0068F  As used hercin, the term “mucleic asid molecule” or “polymuclectide” refers to
single- or double-stranded polynuckeotide sontaining deoxyribonmolentides or sibomclestides
that are Hoked by 3°-537 phosphodiester bonds, as well as polynucieotide analogs. A nucleic acid
molecule inclades, but s not limited to, DNA, RNA, and ¢DNA. A polynucieotide analog may
possess # backbone other than a standard phosphodieater linkags found fn natural
polyaucieotides and, optionally, a modified sugar motety or moietics other than ribose or
deoxyribose. Polynucleotide analogs contain bases eapable of hydrogen bonding by Watson-

Crick base paiting to standard polymsclectide bases, where the analog backbone presents the

pe3

3

shion betwesn the

E\Z’

bases 1o a nranner to pevmit such hydrogen bonding in a sequence-specific
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oligonucleotide analog molecule and bases in a standard polynucizotide. Examples of
polymunleotide analogs include, but are not limited to xeno mucleie scid (XNA), bridged mucleic
acid (BNAJ, glyeol nucleic acid (GNA), peptide nuclefo acids (PNAs), yPMAs, morpholine
polynucleotides, focked nucleic acids {LNAS), threose nucleic soid (TNA), 27-0-Methyl
polynucleotides, 2-C-alicy ribosyl substitmted polymuclestides, phosphorothicate
polynucieotides, and boronophoesphate polynecleotides. A polynacleotids analog may possess
purine or pyrinudine analogs, including for exanple, 7-deaza purine analogs, 8-halopurine
analogs, S-halopyrimidine anslogs, or universal base analogs that can pair with any base,
ncluding bypoxanthing, nitroazoles, isovarbostyril analogues, azole carboxamides, and aromatic
triazole analogues, or base analogs with additional functionality, such as & biotin modsty for
aifinity binding. T some embodiments, the nucleic acid molecule or oligonuclestide is
modified oligonuclectide. In some embodiments, the mucleic acid molecnle or oligonucleotide is
2 DNA with pseudo-complementary bases, 3 DNA with protected bases, an RNA molecuds, &
BNA molecule, an XNA moleculs, 2 TNA mulecule, 2 PNA molecule, a3 YPNA mslecule, or s
merpholine BNA, or a combination thereof. In some embodiments, the nucleic acid molecule or
oligenucieotide is backbone modified, sugar modified, or nucleobase modified. Tn some
amnbodiments, the nucleic acid molecuds or oligonucleotides has nuclechase protecting groups
such as Allog, elecirophilic protecting groups such as thiranes, acetyl protecting groups,
nitrobenzyi protecting groups, sulfonate pratucting groups, or traditional base-labile proteciing

Lroups.

8865 As used herein, “nucleic acid sequencing” means the determination of the order of
muclentides in a nucleic acid molecale or a sample of nucleie acid molecules.

88631 As used herein, "oext gengration sequencing” refers o kigh-throaghpot sequencing
methods that allow the sequancing of millions to billions of molecules in parallel. Examples of
next generation sequencing methods include sequencing by synthests, sequencing by Hgation,
sequencing by hybridization, polony sequencing, ion semiconductor seguencing, and,
pyrosoguenciag. By atiaching primers to 8 solid substrate and a complomentary seguence to g
nucleic acid molacule, a nuclele acid molecule can be hybridized to the solid substrate vig the
privaer and then multiple copies can be generated in a discrete area on the solid substrate by
using polymerase to smplify (these groupings are sometimes referred o as polymerase coloniss

or poloniesy. Consequently, dering the seguencing process, & mucleptide at & particelar position
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can be sequenced puiltiple times {e.g., hundreds or thousands of times) — this depth of
1w refervad to as "deep sequencing.” Examples of high throughput nucleis acid sequenemng
technology inchude plstforms provided by Numina, BOGY, Ciagen, Thermu-Fisher, and Ruche,
tichuding formats such as parallel bead arrays, sequencing by synthesis, sequencing by Hgation,

3

capillary electvophoresis, slecironic microchips, “biochips,” microarrays, paraliel sderochips,
and single-mcdecule amrays, as reviewed by Service {Science 311:1344-1546, 2006).

R,

88837 Ax used hersin, “single molepule seguencing® or “third generstion seguencing” refers
o nexi~genevation sequencing methods wherein reads from single muolecule sequencing
nstruments are genevated by sequencing of a single molecude of DNA. Unlike next genevation
seguenciug methods that tely on amplification to clone many DNA molecules in paraliel fo
ssqeencing iz phased approach, single molecuk sequencing interrogates single swilecules of
DINA aud does not reguire smplification or synchronization. Stugle wolecule sequencing
nchudes methods that need o pause the sequencing reaction afler sach base Incarporstion
{wash-and-sean’ cycle) and methods which do not need to hali between read steps. Examples of
single molecule sequencing methods includs single molecule real-titme sequencing (Fasific

-

Bicsciences), nanvpors-based sequencing {Ox ford Nanopore), duplex interrupted asnopore

seruencing, and divect maging of DNA using advanced micrcscopy.

{0664} As wsed herein, “malvzing” the polypeptide means 1o quantidy, characterize,
distingusish, or a combsination thereof] sl or a portion of the components of the polypeptide. For
example, analyzing a peptide, polypeptide, or protoin includes deterauining &il or a poriion of the
araine goid sequense {contigaows or non~continuous) of the peptide. Analyeing a polypeptids
alse meindes partiad idengification of a component of the polypeptide. For exsanple, parfiad
identification of amino acids i the polypeptide protein sequencs can ientify an amino acid v
the protein as belonging {o 2 subget of possible avine soids, Analysis typically begios with
analysiz of the # NTAA, and then procesds 1o the next smmino scid of the peptide (e, #-4, 8-2,
w3, and so forthy. This is scpomplished by elimination of the n NTAA, thershy s;:on\;.'ertéz‘ig the
»-{ amine acid of the peptide 1o an N-torming! amino acid referved o hereinas the ™

NTAA™). Analyving the peptide may alss include deternyining the presence and frequency of
posi-travslational modifications on the peptide, which may or may not inchude information
regarding the segoential ovder of the post-translatiomal modifications on the peptide. Analyzing

the peptide reay aleo incinde determining the presence and fregueney of epitopes in the peptide,

2
2
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b3

which may or mray not nelude information regarding the sequential arder or loostion of the
epitopes within the peptide. Analyping the peplide may inchide combining different fypes of
analysis, for example obiating epitope informstion, aminoe acid sequence information, post-

transiational modification information, or any combination thersof

{80635 As used herein, the term “compartment” refers to a physical ares or volame that
separates Of isoktex a subset of polypeptides from a sauiple of polypeptides. For example, &
compartment may separate an individual cell from other cells, or a subset of a saple’s
prteome o the rest of the saraple’s proteorme. A comparttoent mey be an agueous
somparioent {e g, microfinddic droplet), a solid enmpanment {e.g., picotiter weli or mucrotiter
well on 8 plate, tube, vial, el bead), a bead surface, 8 porous bead interior or a sepuraied region
on 2 surdace. A comparimen igay comprise one or mnore beads & which poi}@eptiﬁes may be

wnmabilized.

RS As used herein, the tenm “compartiment fag” or “compartment barcode” refers to g
single or double stranded nuclede acid molecale of about 4 bases to sboat 180 bases (neluding 4
bases, 100 bases, and any integer betwsen) that conprises identifying information for the
constituenis {e.g., 4 sigle cell’s profeome), within one or more sompartients {s.g., microflnidic

droplet or bead surface, ete.). A compartment barcode identifies & sabsat of polypeptides na

Y

sample that have been separated into the same physical compartyaent or group of compartments

from a phoality (e.g., millions to billions} of compartments, Thus, 3 coropartiment tag van be
used to distinguish constituents devived from ore or mors corgparimenis having the sares
corapariment tag Fom those i another compurtment havisg a diffrent conpariment tag, even
after the constituents ate pocled together. By labeling the protoins andfor peptides within sach
compariment of within a group of two or more camaparinients with 3 vuigue compartmant {ag,
peptides derived from the same protein, protein complex, or cell within an individual
compartment or group of compartiments can be identified. A compariment ag comprises a
barcade, which iy optionally flanked by 2 spacer sequence on oue or both sides, and an optional
universal primer. The spacer scguence can be conmplementary o the spacer sequence of a

recording tag, enabling transfer of compariment fag information o the recording tag. A

s

compartment fag may also comprize 3 universal priming site, 2 unigue molecular identifiey (for

providing i(ieﬁtiz‘.ying information for the peptide attached thevets), or both, partioulardy for

embodiments where 2 compariment tag eomprises a racording tag to be used in downstresrs
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{Ba7E As used hevedn, the tenm “Haction barcode™ refers 1o a single or double stranded
nucleic acid melecule of about 4 bases to about 100 bases (ncluding 4 bases, 100 bases, and any
integer therebetween) that covwprises identifving infrmation for the polypeptides within 4
fraction.

I, Methods of Proximity Interaction Apalysis via Forming a Linldug Siructure

iB8711 In one aspect, the present disclosure provides & method for assessing identity and
spatial relationship between a polypeptide and a mwoiety In a samaple, which method comprises:
a} forming u linking structure between a site of a polypeptide in 5 sample and a site of a molety
in said sample, said linking structure comprising a polypeptide tag sssociated with said site of
said polypeptide and a moisty tag associated with said site of saild yeoiety, wherein said
polypeptide tng and said molety tag are associated; b) wansforring fnformation between said
assooiated polypeptide tag and said molsty tag or Hgating said associated polypeptide tag and
said mofety tag to form g shared vnigue molecule Wentifier (UMI) and/or barcode; ¢) breaking
said lnking structure via dissociating said polypeptide from said mptety and dissociating said
polypeptide tag from said molety tag, while maintaining aseociation between said polypeptide
and said polypeptide {ag, and mainteining assceiation between said motety and said moiely tag;
and d} assessing said polypeptide tag and at least a partial sequence of sald polypeptide, and
aseessing said medety tag and at least a partial identity of said moiety, wherein said assesved
partions of said polypeptide tag and said moiety tag comprise said shared unigue molecule
identifier (UML) and/or barcode indicates that said site of said polypeptide and said site of said

moiety in said sample are in spatial proximity.

B872]  Also provided herein 1y 8 method for ssgessing identity and spatial relatioushup
hetween a polypeptide and a molety it a samiple including, a} forming a linking strocture
between a site of a polypeptide o a sample and 2 site of & modety in said sample, said lnking
structure comprising a polypeptide tag associated with said site of said polypeptide and 8 molsty
tag associated with said site of said molety, whersin said polypeptide tag and said molety tag are

associated; b} transferving Information between sald asscoiated polypeptide tag and seid modety

e

ag to form a shaved undgue molecule identitier (UMY} and/or barcode, wherein the shared UMI
and/or barcode s formed as a separate record polyaucipotide; ¢ breaking said iinkiﬁg stracture
via dissociating said polypeptide from said moiety and dissociating said polypeptide tag from

said rauiety tag, while roaintaining association between said polypeptide and said polypeptide
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tag, and maintaining association between said moiety and said moiety tag; d) assessing said
polypeptide tag and at least a partial sequence of said polypeptide, and assessing said motety tag
and at least a partial identity of said moiety; and ¢} assessing said separate record polynucieotide
1o establish the spatial relationship between the site of the polvpeptide and the sife of the moiety.
In some embodiments, step ¢) establisbes the spatial relationship between the site of the
polypeptide and two or more sites of said molety or two or more moieties. Insone
embodiments, the separate record polynucieotide is released from said polypeptide tag and/or

said nioiety tag.

18673] Any suitable moiety can be used in the present methods. For example, the motety
can be an atom, an inorganic molely, an organic moiety or a conplex thereof. The organic
meoiety can be an amino acid, a polvpeptide, e.g., & peptide or a profein, a nucleoside, a
mucleotide, a polynucleotide, e.g., an oligonucleotide or a nucleic acid, a vitamin, 2
monosaccharide, an oligosaccharide, a carbohydrate, & Upid snd a complex thereof Insome
smbodiments, the moiety can comprise a polypeptide. In other embodiments, the moilety can

comprise 3 polynucieotide.

{00741  Insome embodiments, the polypeptide and/or moiety has a three-dimensional
gtructure. In some embodiments, the polypeptide and the moiety belong to different molecules,
and the present methods can be used 1o assess identity and spatial relationship between the
polypeptide and the moiety in different molecuies, 2.g., in a protein-protein complex, a protein-
DNA complex or a protein-RNA complex. A macromolecule assembly may be composed of the
same type of macromolecule {2.g., protein-protein} or of two or more different types of
macromolecules {e.g., protein-DNA}. In other embodiments, the polypeptide and the moiety

belong to the same macromolecale.

Al Exermplary Tags and Components
{08751 Any suitable polypeptide tag can be used tn the present methods. For example, the
polypeptide tag can be an atom, an inorganic moisty, an organic moiety or 2 complex thereof,
The organic moiety can be an amino acid, a polypeptide, e.g., a peplide or a protein, a
nucleoside, a nucleotide, a polynuciectide, e.g., an oligonucleotide or a nucleic acid, g vitamin, a
monosaccharide, an oligosaccharide, a carbohydrate, 2 Hipid and a complex thereof. Insome

embodiments, the polypeptide tag can comprise a polynucleotide.

ot
Py
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{8787 Any suitable moiety tag can be used i the present methads. For sxample, the moeiety
tag can be an atom, an incrganic molety, an organic molety or a complex theresf. The organic
meiety can be an anune acid, a polypeptide, e.g., & peptide or a protein, « mucleoside, a
nuclectide, 2 polynuclectide, e.g., an oligonucisotide or g nucleic acid, 2 vitamin, 4
racnosaccharide, an oligosaccharide, a carbohydrate, a Hpid snd a complex thereof. In some

ernbodiments, the moiaty tag can comyprrise a polynuclectide.

H877]  Both the polypeptide tag and the muely teg can comprise polynucieotides. 1o some
embodiments, the polvpeptide tag comprises 3 UMT and/or barcode, In some smbodiments, the
moiety tag comprises a UMY and/or barcode. In some smbodiments, the polypeptide tag
comprises 3 first polynucieotide and the moisty tag comprises a second polynucleotide, the fivst
and second polynucleotides comprise a complementary sequence, and the paiypeptids tzag and
the moiety tag are associated via the camgsiementaxy sequence. In some embodiments,
sequence and complementary sequence comprise a palindromie sequence. In some
smbodiments, the polypeptide tag and/or moiety tag does not comprise a palindromic sequence.

B078]  Insome embodiments, the polypeptide tag and the molety tag are used for crpating g

separate record polynucleotide. In some embodiments, the separate record polymucleotide is o

»

comprises a ONA or RNA melecule. In some embodiments, the separate record polynucieotide

comprises information regarding one or more polypeptides and/or ong of more molsties.

8079 s somee embodingents, the polypeptide tag and the separate record polynucientide
comprises a complementary sequence. In some embodiments, the polypeptide tag and the
separate record polynucleotide are associated via the complementary sequencs, In some
ewbodiments, the molety tag and the separate record polynucieotide comprise & complementary
sexpience. In some cases, the moiety tag and the separate record polynycleotide ave associated

vig the complementary sequence.

{0084] in some embodiments, the polypeptide tag and the muiely tag each comprises one or
more nucleie aoid strand{s) srranged into a double-stranded palindromic region, a double
stranded barcode region, and/or a primer binding region. In some cases, the polypeptide tag and
the molety tag comprise the following in the order Hsted: palindromic region — barcode region —
primer-binding region. In some embodiraents, the polypeptide tag and the moiety tag each
ooraprise 2 hairpin structure having a partialtvedouble-stranded primer-binding region, s double-

stranded barcode region, g double-stranded palindromic region, and a single-stranded loop

2

(%)
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region containing a target-binding moiety. In some embodiments, a molecuie that terminates

polymerization is located between the double-stranded palindromic region and the loop region.

6081} In some embodiments, the noiety tag and/or the polypeptide tag comprise one or
more nucleic acid strands arranged into a double-stranded palindromic region, a double-strande
barcode region, and/or g primer-bindiug region. In some ershodiinents, the tags are arranged to
form a hairpin structure, which is a single stretch of contiguous pucleotides that folds and forms
a double-stranded region, roferred 1o 48 3 “stem,” and 8 single-siranded region, referred to ss 3
toop.” The double-stranded region is formed when nuclectides of two regions of the same
nmcleic acid base pair with each other (intramolecular base paiving).
6983 In some embodiments, the polypeptide tag aod/or the mwiety fag comprise a two
paralie] nucleic acid strands {e.g., a8 two separate nucleic acids or as 8 contiguous folded
hairpin). One of the strands g referred to as & “complementary strand,” and the other strand is
eferred to as a “displacement strand.” The complementary strand typically contains the primer-
binding region, or at least a single-stranded segment of the primer-binding region, where the
primer binds {e.g., hybridizes). The complementary strand and the displacenent strang are
Bound to each other at least through a double-stranded barcoded region and through a double-
stranded palindromic region. The “displacement strand” is the strand that is Initially displaced
by a newly-generated half-record, as described herein, and, in turn, displaces the newly-

generated halfrecord as the displacernent sirand “re-binds™ to the complementary strand.

(68831 Two nucleic acids or two mucleic acid regions are “covaplementary” to one another if
they base-pair, or bind, to cach other to form a double-stranded nucieic acid molecule via
Watson-Crick interactions (also referred to as hybridization). As used herein, “binding” refers to
an association betwesn af least two molecules due to, for example, electrostatic, hydrophobic,

onie and/or hydrogen-bond interactions under physiclogical conditions.

1484 A “double-stranded region” of 2 nucleic acid refers to a region of a nucleic acid (s.g.,
DNA or RNA) containing two parallel nucleic acid strands bound to each other by hydrogen
bonds between complementary purines {e.g., adenine and guaniney and pyrimidines (e.g.,
thymine, eytosine and uracil), thereby forming a double helix. In some embodiments, the two
paratlel micleic acid strands forming the double-stranded region are part of 2 contignous nucleic
acid strand. For examp‘i& the polypeptide tag and woiety tag can comprise 8 halipin siructure

are attached to 8 haivpin struchure.

33
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{06885] A “double-stranded palindromic region” refers to a region of a nucleie acid {e.g,,
DINA or BNA} that is the same sequence of nucleotides whether read 5 {five-prime} to 3 (three

prime} on one strand or 57 {0 37 on the complementary strand with which it forms a double hebix.

80861 In some embodiments, palindromic sequences permit joining of the polypeptide fag
and molety tag that are proximate to each other. Polymierase extension of g primer bound to the
primer-binding region produces a “half-record,” which vefers to the newly generated mucleic
acid strand. Generation of the half record displaces one of the strands of the polypeptide or
moiety tag, referred to as the “displacernent strand.” This displacement strand, in turn, displaces
a portion of the half record (by binding 1o its “complementary strand”), starting at the 3’ end,
enabling the 3" end of the half record, containing the palindromic sequence, to bind to another

half record similarly displaced from a proximate barcoded nucleic acid,

{8887} In some embodiments, a double-stranded palindromic region has a length of 4 to 10
nucleotide base pairs. That s, in some embodiments, a double-stranded palindromic region may
comprise 4 to 10 contiguous nucleotides bound to 4 to 10 respectively complementary
mucieotides. For example, a double-stranded palindromic region may have a length of 4, 5, 6, 7,
8, 9 or 10 nucleotide base paivs. In some embodiments, a double-stranded palindromic region
may have a length of 5 {6 6 nucleotide base pairs. In some embodiments, the double-stranded
palindromic region is longer than 10 nocleotide base pairs. For example, the double-stranded
palindromic region may have a length of 4 {0 50 nuclectide base pairs. In some embodiments,
the double-siranded palindromic region has a length of 4 10 40, 4 10 30, or 4 o 20 nueleotide
base pairs.

{8888} A double-stranded palindromic region may comprise guanine {(G), cytosine (T},
adenine (A) and/or thymine {T). In some embodiments, the percentage of G and € nucleotide
base pairs (G/C) relative to A and T sucleotide base pairs {A/T) is greater than 50%. For
example, the percentage of G/C relative to A/T of a double-stranded palindromic region may be
50% to 100%. In some erbodiments, the pércentags of G/C relative 10 AFT is greater than 60%,
65%, T0%, 75%, 80%, 85%, 90%, 95%,

{3885} In some embodiments, a double-stranded palindromic region may include an even
sumber of nucleotide base pairs, although dovble-stranded palindromic region of the present

disclosure are not so lmited. For example, a double-stranded palindromic region may include 4,
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6, 8 or 10 nucleotide base pairs. Aliernatively, a double-stranded palindromic region may

meclude 5, 7 or @ nucleotide base pairs.

{0098]  Among a plurality of polypeptide and moiety tags, typically, the double-stranded
palindromic regions are the same for each tag of the plurality such that a polypeptide tag
proximaie to 8 moiety tag are able to bind to each other through generated half-records
containing the palindromic sequence. In some embodiments, however, the double-siranded
palindromic regions may be the same only among a subset of polypeptide/molety tags such that

two different subsets contain two different double-stranded palindromic regions.

REL A “primer-binding region™ refers to a region of a nucleic seid {e.g., DNA or RNA)
comprising the notety tag or polypeptide tag where a single-stranded primer (e.g., DNA or RNA
primer) binds to start replication. A primer-binding region may be a single stranded region or a
partially double siranded region, which refers to a region containing both a single-stranded
segment and a double-stranded segment. A primer-binding region may comprise any
combination of nucleotides in random or rationally-designed order. In some embodiments, a
primer-binding region has a length of 4 {0 40 nucleotides (or nuvlectide base pairs, or g
combination of nuclectides and nucleotide base pairs, depending the single- and/or double-
stranded nature of the primer-binding region). For example, a primer-binding region may have g
lengthof4, 5,6,7,8.9, 16,11, 12,13, 14, 15,16, 17, 18, 19,20, 21,22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40 nucleotides {and/or nucledtide base pairs). In
some embodiments, a primer-binding region may have a length of 4 10 10,450 15,4 t0 20,4 10
23,410 30, 4 10 335, or 4 t0 40 nucleotides (and/or nuclectide bage pairs). In some embodiments,
a primer-binding region it fonger than 40 nucleotides. For example, a primer-binding region
may have a length of 4 to 100 nucleotides. In some embodiments, a primer-binding region has a

fength of 4 16 90, 4 to 8, 4 to 70, 4 10 68, or 4 to 50 nuclectides.

{08921  Insome embodiments, a primer-binding region is designed to accommodate binding
of mors than one {e.g, 2 or 3 different) primers. A “primer” is & single-stranded mucleic acid tha
serves as a starting point for mucleic acid synthesis. A polymerase adds nacleotides to a primer
to generate a new mucleic acid strand. Primers of the present disclosure are designed fo be
complementary o and to bind to the primer-binding region of the polypeptide tag or the molety
tag. Thus, primer length and composition {e.g., nuclectide composition) depend, at least in part,

on the length and composition of a primer-binding region of a polypeptide or moiety tag. In
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some embodiments, a primer has 8 length of 4 to 40 nucleotides. For example, a primer may
have a lengthof4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 1%, 20, 21, 22, 23, 24, 25, 26,
27,28,29,30, 31, 32,33, 34, 35, 36, 37, 38, 396 or 40 nucleotides. In some embodiments, 4
primer may have alengthof 4 10 10, 410 15,440 20, 4 10 25, 4 10 30, 4 t0 35, or 4 to 40

micleatides.

{0093 Primers may exist attached in pairs or other combinations (e g., triplets or more, o
any geometry) for the purpose, for example, of restricting binding to those mesting thew
geometrie ¢riteria. The rigid, double-stranded linkage shown enforces both 2 minimoum and 8
maximy distance between a moiety tag and polypeptide tag. The double-stranded “ruler”
domain may be any length {e.g., 2 to 100 nuclectides, or more) and may optionally inclade a
barcode tiself that links the two halves by information content, should they become separated
during processing. In some enbodiments, a double stranded ruler domain, which enforces a
typical distance between a moiety tag and polypeptide tag at which records may be generated, is
a complex structure, such as a 2-, 3-, or 4-DNA helix bundle, DNA nanostructure, such as a

TN A origamd structure, or other structure that adds or modifies the stiffness/rigidity of the ruler.

{80941 A “strand-displacing polymerase” refers to a polymerase that is capable of displacing
downstream nucieic acid {e.g., DNA) encountered during nucleie acid synthesis, Different
polymerases can have varying degress of displacement activity. Bxamples of strand-displacing
polymerases include, without Hmitation, Bst large fragment polymerase {e.g., New England
Biolabs (NEB) #M0275), phi 29 polymerase (e g, NEB #MO269), Desp VentR polymerase,
Kienow fragment polymerase, and modified Tag polymerase. Other strand-displacing

polymerases are contemplated,

{89931  In somie embodiments, & primer comprises at least one nucleotide mismatch relative
to the single-stranded primer-binding region. Such a mismstch may be used facilitate
displacement of 2 half-record from the complementary strand of the moiety tag and/or
polypeptide tag. Tu some embodimenis, a primer comprises at least one artificipl Hoker,

{8696} In soimne embodiments, extension of a primer (hound to a primer-binding site) by &
dispiacing polymerase is typically terminated by the presence of a molecule or modification that
terminates polymerization. Thus, in some emhodiments, the muisty tag and/or polypeptide tag
may comprise 2 molecule or modification that terminates polymerization. A molecule or

modification that terminates polymerization (“stopper” or “blocker”™} is typically located in a

36
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double-stranded region of the molety tag or polypeptide tag, adjacent to the double-sranded
palindromic region, such that polymerization terminates extension of the primer through the
double-stranded palindromic region. For moiety or polypeptide tags arranged in the form of a
hairpin, a molecule or modification that terminates polymerization may be located between the
double-stranded palindromic region and the hairpin loop. In sonie embodiments, the molecule
that terminates polymerization is a synthetic non~-DNA linker, for example, a triethyvlene glycul
spacer, such as the Int Spacer 9 {i8p9), C3 Bpacer, or Spacer 18 {Integrated IINA Technologies
(ID'T). It should be undersiood that any non-native linker that terminates polymerization by a
polymerase may be used as provided herein. Other non-limiting examples of such molecules and
modifications inchide a three-carbon linkage (/iSpC3/} (DT), ACRYDBITE™ {IDT),
adenylation, azide, digoxigenin (NHS ester), cholesteryl-TEG (30T, I-LINKER™ (iDT), and 3-
cyanovinylcarbazole (CNVE) and variants thereof. Typically, but not always, short finers {e.g.,
i8p%) lead to faster veaction times,

{88371 In some embodiments, the molecule that terminates polymerization is a single or
paired non-natural nucleotide sequence, such as iso~dG and iso-dC (JDT), which are chemical
variants of cytosine and guanine, respectively. Iso-dC will base pair {(hydrogen bond) with Iso-
dG butnot with 46, Similarly, Iso-dG will base pair with Iso-dC but not with dC. By
incorporating these nucleotides in a pair on opposite sides of the hairpin, at the stopper position,
the polymerase will be halted, as it does not have a complementary nucleotide in solution to add

at that position.

18048] In some embodiments, the efficiency of performance of 8 “stoppet” o “blocker”
modification be improved by lowering dNTP concentrations {e.g., from 200 pm) in a reaction to

100 pm, 10 jum, 1 um, or less.

{E099] Inclusion of 2 molecule or modification that terminates polymerization often creates
a “bulge” in a double-stranded region of the meoiety tag or polypeptide tag {2.g., & stem region
for hairpin structures) because the molecule or modification is not paired. Thus, in some
embodiments, the moiety and/or polypeptide tags are designed to include, opposite the molecule
or modification, a single nucleotide {e.g., thymine), at least two of same nucleotide (e.g., 2
thymine dimer (TT) or wrimer {TTTY), or an von-natural mwodification.

o168 In some aspests, to prevent the polymerase fom extending anend (eg, a5 or 3’

~

end) of a motety tag and/or polypeptide tag, a poly-T sequence {e.g., asequence 0t 2, 3,4, 5,7,

1
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8, ¢ or 10 thymine sucleotides) may be used. Alternatively, a synthetic base {e.g., an mverted
4T} or other modification may be added to an end {e.g, a 5 ov 3’ eud) of the 1ag to preven
unwanied polymerization of the tag. Other termination molecules {molecules that prevent
extension of a 3" end not intended to be extended) include, w ithout limi tation, 150-dG and i50-dC
ot other unnataral nuclectides or moedifications.
{61811 In some embodiments, generation of a half record displaces one of the sivands of the
moiety tag or polypeptide tag. This displaced strand, in torn, displaces a portion of the half
record, starting at the 3" end. This displacement of the halfwrecord is facilitated, in some
embodiments, by a “double-stranded displacement region” adjacent to the molecule or
medification that terminates polymerization. In ersbodiments wherein the meiety tag and/or

olypeptide tag bas a havrpin structure, the double-stranded displacement region may be located
DOIYDED 1 g ¥

between the molecule or medil y that termiinates polymerization and the hairpin loop. A
double-stranded dispias:ement region may comprise any combination of nuckotides in randorm

i

or rationally-designed order, I some smbodiments, a double-stranded displacement region has a
fength of 2 to 10 nucleotide base pairs. For example, a dooble-stranded displacement reglon may
have adength of 2, 3, 4, 5, 6, 7, §, 9 or 1} nuclectide base pairs. In some emmbodiments, a double-
stranded palindromic region raay have g length of 5 to 6 nucleotide base pairs. In some
embodiments, a double-siranded palindromic region may contain only & combination of Cand G
pucleotides.

{64182} Displacernent of the halfrecord may also be facilitated, in some embodiments, by
modifying the reaction conditions. For example, some anlo-cyclic reactions niay inciudg mstead
of natural, soluble dNTPs for new strand generation, phosphorothioate nucleotides (2'-
Dieoxynucieoside Alpha-Thiol 2-Beoxymucleoside Alpha-Thiol Triphosphaie Set, Trilink
Biotechnologies). These are less stable in hybridization that natural dNTFs, and resuitina
weakened interaction between half record and stem. They may bs used in any combination {e.g.,
phosphorothioate A with natural T, C, and (G bases, or other combinations or ratios of mixtures}.
Other such chemical modifications may be mads to weaken the half record pairing and fheilitate

displacement,

51631 Insome embodiments, the moiety tag and/or polypeptide tag #self may be modified,
i some embodirments, with unnatural nuclectides that serve tnstead to strengthen the hafrpin

stern. in such smbodiments, the displacing polymerase that generates the half record can still
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open and copy the stem, but, during strand displaceraent, stem sequence re-hybridization is
energetically favorable over half-record hybridization with stem termplate. Non-limiting
examples of unnatural nucleotides include 5-methyl dC (S-methyl deoxyoytidine; when
substituted for 40, this molecule merease the meliing temperatre of mucleic actd by as mwuch as
C. per nucleotide insertion), 2,6-diaminopurine (this molecule can increase the meliing
ternperature by as much as 1-2° €. per insertion), Supm T {S-hydroxybutynh2~deoxyuridine
also increases melting temperature of nucleic acld), and/or locked nucleic acids (ENAs). They

may ogeur in either or both strands of the hairpin stem,

1] In some embodiments, unnatural nuclectides may be used to introduce mismatches

s

between new half record sequence and the stenn. For exaraple, if an isoG nucleotide existed in
the template strand of the ster, a polymerase, in some cases, will mistakenly add one of the
sohible nucleotides available to extend the half record, and in doing so create a “bulge” between
the new half record and the stem template strand, much like the bulge (included in the primer). ¥
will, in some aspecis, serve the same purpose of weakening half-record-teraplate interaction and

encourage displacement.

HUEIRY In some embodinents, the miotety tag and/or the polypeptide iag are arranged to form
a hairpin structure, which is a single sivetch of contiguous muclentides that folds and forms a
double-stranded region, referred to as 8 “stem,” and a single-stranded region, referred to &

“loop.” In some stbodiments, the single-stranded loop region has a length of 3 to 50
nacleotides. For exarnple, the single-stranded loop region may have a length of 3,4, 5, 6,7, 5,9
or 10 nuclectides. In some smbodiments, the single-stranded loop region has a length of 3 to 14,
34015, 31020, 31025, 3 t0 30, 3 t0 35, 3 to 40, 3 to 45, or 3 to 50 nucleotides. In some
embodiments, the simgi@-stmnd@d loop region is longer than 30 nucleotides. For example, the
single-stranded loop region may have a length of 3 to 200 nucleotides. In some embodiments,
the single-stranded loop region has a length of 3 t0 175, 310 150, 3 t0 100, or 31075
suclentides. In some embodimente, a loop region inchides smaller regions of inframolecular
base pairing. A hairpin foop, in some embodiments permits Hexibility in the orientation of the
moiety tag and/ar the polypeptide tag relative to a target binding-moiety. That is, the loop
typically allows the moiety tag or the polypeptide tag to ocoupy a variety of positions and angles
with respect to the target-binding moisty, thereby permitiing interactions with 2 multitude of

riearby tags {29, attached to other targets) 1 sugoession.
el >
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LRI The medety tag andfor the polvpeptide tag, in some embodiments, coraprise at least
3 v R

tides o other modified base. Pairs of LNAs, or othey
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modified bases, can serve as stronger {or weaker) base pais in dmzbi ~stranded regions of the

me,ie‘i;y tag and/or the polypeptids tag, thos h;asmg the strand displacerent reaction. In some
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at least one ENA moleaule s located on g complemen -rysimnded of » tag,

betwesn a double-stranded barcoded region and o single-stranded privner-binding region.
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[

The molety tag and/or the polypeptide tag may be DNA such as T-formy DNA and L
form DNA and BNA, ax well as varisus modifications thersof Mucleic acid modifications
inchude base modifications, sugar modifications, and backbone modifications. Non-limitin

examples of such modifications are provided below,

f8I88] Examples of madified nucleic acids {e.g., DNA variants} that may be used in
sccordance with the present disclosure inchude, without Hmitation, L-DNA (the backbone
enantiomer of DNA, known in the Hterature), peptide nuclele acids (FNA) hisPNA clamp, 2
paendocomplementary PNA, locked eio acid (LNA}, and co-nucleic seids of the above such

as DNA-LNA co-nucleic acids. Thug, the present disclosine contemplates nanostructures that

Coraprisg “‘NA, RNA, LXA, PFNA or combinations thereof It is to by nnderstood that the

(2%

wicleic acids used in resthods and compositions of the present disclosare rosy be homogeneou

T

r heterogeugous in nature an example, puckeic acids may be completely DNA inonature or

[

>

hey may be comprised of DNA and non-UNA {e.g., LNA) monomers or sequences. Thus, any

p

combination of nucleic acid slements may be used. The nucleic acid modiRcation may vender
he nuclel acid move stable and/or less suseeptible to degradation under certain conditions, For

St
example, in some embodinents, rucleie acids are nucleass-resigtant.

15189 Also provided herein sre plurahities of moiety tags and the polypeptide tags. A
“plurality” conprises at least two tags. In some embodiments, a phurality comprises 2 t0 2
wmitlion tags {e.g&., unique tags). For e\'ampk, » phrality may comprise 100, 300, 1000, 5008,

000G, 160000, 1000000, or mors, tags. This present disclosure is not Hrnited in this aspect.

1 e =4 . ol
B, Information Transfer

0118 Information bebween the associated polypeptide tag and molety ag, n be iransferred

i any suiable manner o form the shared UM and/or barcode. It some embodiments,

g

information between the associsted polypeptide tag and molety tag can be transforred to a

>
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separate record polynuciectide {e.g., Figure 7C). In some embediments, the separate record

polynucleotide is a newly formed polypeptide that comprises the shared UMI and/or barcode.

[8118]  Insome emﬁodimeﬂts, wransferring nformation between the associated polypeptide
tag and moisty tag comprises sxtending both the first polynucleotide of the polypeptide tag and
the second polynucleotide of the moiety tag to form the shared UMI and/or barcode. In other
embodiments, transferring infornation between the associated polypeptide tag and moisty tag
comaprises extending one of the first polynucleotide of the polypeptids tag and the second
polynucleatide of the moiety tag to form the shared UMI and/er barcode. In still other
embodiments, the polypeptide tag comprises a double-siranded polynucieotide and the moiety
tag comprise a double-stranded polynuclectide, and transferring information between the
associated polypeptide tag and moiety tag comprises ligating the double-stranded
polynucleotides to form the shared UMI and/or barcode. The shared UMT and/or barcode can
comprise sequences of both the double-stranded polymuclectides. The shared UMI and/or
barcode can also comprise sequence of une of the double-stranded polynucleotides. In some
embodiments, transferring information between the agsoeiated polypeptide tag and moiety tag
comprises extending the polypepiide tag and the molety tag followed by & ligation reaction to
form a double-stranded separate record polynuclectide comprising information from the

polypeptide tag and the moiety tag {e.g., shared UMI and/or barcode).

0112} In some embodiments, the shared unique molecule identifier (UMI) and/or barcode

comprises information regarding one or more polypeptides and/or one of more moieties.

HUER]] In some embodiments, information transfer between the associated polypeptide tag
and moiety tag can be mediated by a polymerase, e.g., a DNA polymerase, an RNA polymerase,
or a reverse transcripiase. In other embodiments, information ransfer between the associated
polypeptide tag and moiety tag can be mediated by a lgase, e.g., a DNA ligase, 2 ssDNA ligase
{e.g., Circligase), a dsDNA ligase, or an BENA ligase. In other erabodiments, information
transfer between the assoviated polypeptide tag and the moiety tag can be mediated by a
topoisomerase. In other embadiments, information transfer betwsen the associated polypeptide
tag and moisty tag can be mediated by chemical ligation. In some embodiments, information
iransfer between the associated polypeptide tag and moiety tag can be mediated by extension

and/or ligation,
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[0114]  Inthe linking structure, the polypeptide tag and the moiety tag can be associated in
any suitable manner. Insome embodiments, the linking structure between the polypeptide tag
and the moiety tag and their respective polypeptide and moiety can be joined using methods of
covalent cross-linking as described by Schenider of al. and Holding in cross-linking mass
spectrometry for proteomic applications (Holding 20135, Schueider, Belsom et al. 2018). In
some embodiments, fn the linking structure, the polypeptide tag and the moiety tag canbe
associated stably or covalently. In other embodiments, in the linking structure, the polypeptide
tag and the moiety tag can be associated trangiently. The association between the polypeptide
tag and the moiety tag can vary over time or over performance of the present methods. The
association between the pelypeptide tag and the moiety tag can be different before and after
information fransfer between the polypeptide tag and the molety tag, For example, in the hinking
structure, the polypeptide tag and the moiety tag can be associated transiently before the
information transfer between the polypeptide tag and the moiety tag. After the information
ransfer between the polypeptide tag and the molety tag, the association between the polypeptide
tag and the moiety tag can become more stabilized. In still other embodiments, in the linking
siructure, the polypeptide tag and the molety tag can be associated divectly. In yet other
embodiments, in the Huking structurs, the polypeptide tag and the moiety tag can be associated

indirectly, e.g., via a linker or UMI between the polypeptide fag and the moiety tag.

{0118] Yo some of any of the provided embodiments, in the linking structure, the polypeptide
tag and the separate record polynuclectide are associated directly. In some of any of the
provided embodiments, in the linking structure, the rociety tag and the separate record
polynuclectide are associated directly. In some embodiments, in the linking structure, the
polypeptide tag and the moiety {ag can be associated via a separats record polynucleotide. In
some embodiments, the Haking structure formed between the polypeptide tag and the moiety tag
via the separate record polymuclestide is transient. In some embodiments, the separate record
polynucleatide is formed by extension between the polypeptide tag and the moiety tag. In some
embodiments, the separate record polynucleotide comprises complementary sequences to the
polypeptide tag and the moiety tag. In some embodiments, the separate record polyaucleotide is
formed by ligation. For example, in some embodiments, the separate record polynucleotide is

formed by ligation of the polypeptide tag and the mniety tag.

S
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16116]  In forming the linking structure, any suitable rumber of the polypeptide tag(s) van be
associated with a suitable number of site(s) of the polypeptide. For example, in forming the
linking structure, a single polypeptide tag can be associgted with a single site of the polypeptide,
a single polypeptide tag can be associated with a plurality of sites of the polypeptide, or a
pluraiity of the polypeptide tags can be associated with a plurality of sites of the polypeptide.
Similarly, in forming the linking stracturs, sny suitable number of the moiety tag{s) can be
associated with a suitable number of site{s) of the moiety. For example, in forming the linking
structure, a single moiety tag can be associated with a single site of the moiety, a single moiety
tag can be associated with a plurality of sites of the moiety, or a plurality of the moiety tags can

be associated with a plurality of sites of the moiety.

{B1171 In some emmbodiments, information twansfer between the associated polypeptide tag
and moiety tag to the separat@ record polynuclectide uses cyclic zmnea,iiﬁg, extension, and

wome cases, the polypeptide tag and molety tag is used as a template to

(¢
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ligation. Forex
penerate double stranded DNA tags {e.g., using primer extension). In some embodiments, the
double stranded DNA tags (e.g., polypeptide tag and molety tag) are Hgated. In some

1

mibodiments, the DNA tag is or comprises & separate record polynucieotide. In some

embodiments, the separate record polymicizotides are further PCR anmplified.

B1i8] In some embodiments, information transfer between the associated polypeptide tag
and moiety tag to the separate record polynucleotide can be mediated by a polymerase, eg., a
DNA polymerase, an RNA polymerase, or a reverse transeriptase. In some embodiments, the
transfer is based on an “autocycle” reaction {See e.g., Schaus et al,, Mat Comm (2017) 8:696;
and 1.8, Patent Application Publication No. US 2018/0010174 and Internationsl Patent
Application Publication Neo. WO 2018/017914 and WO 2017/143006). In some embodiments
of the repetitive autocycling which forms separate record polynucleotides, the reaction takes
place at or around 37° C in the presence of a displacing polymerase. The polypeptide tag and
moiety tag associated with the polypeptide and moiety, respectively are barcoded, and are
designed such that in the presence of a displacing polymerase and a universal, soluble primer,
the moiety tag and/or the polypeptide tag direct an auto-cyclic process that repeatedly produoces
records of proximate tags. In some specific embodiments, the auto-cyelic process for
transferring information includes 1) applying pairs of primer sxchange hairpins as a polypeptide

ot molety tag, with individual extension to bound half records, 2} strand displacerent and 3’
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palindromic domain hybridization, and 3) half-record extension to a separate record

polynucieotide.

0119 In some further ernbodiments, the method includes, i a first step, & soluble universal
primier binds each of the polypeptide tag and the moiety tag at a comunon single-stranded
primer-binding region, and a displacing polyinerage exiends the primer through the barcode
region and 2 palindromic region to a molecule or modification that terminates polymerization
{e.g., a synthetic non-DMA Hnker), thereby generating a “halfrecord,” which refers to a newly
generated nucieic acid strand. Becondly, the half records are partially displaced from the
barcoded polypeptide or motety tag by a “strand displacement” mechanism {see, ez, Yurke et
al., Nature 406 605-648, 2000; and Zhang ¢t al. Nature Chendstry 30 103113, 2611, each of
which is incorporated by reference herein), and proximate half-records hybridize to cach other
through the 37 pahindromic regions. Thirdly, the hatfarecords are extended through the barcode
regions and prirser-binding regions, releasing soluble, separate record polynucizotides that
inclade information from both polypepiide tag and the mwoiety tag. The polypeptide tag and
moiety tag associated with the same or other melecular pairings (other polypeptide-moisty

parings or mieractions} vndergo similar cycling to form separate record polynucleotides.

{01281 In some smbodinents, upon termination of the ¢veling reaction, separste record
polynucleotides are collected, prepared, amplified, analyzed and/or sequenced {e.g., using
paraliel next generation sequencing technigques). In some smbodiments, the separate record
poivnuclentides are sequenced, thereby producing sequencing data. In some embodiments,
separate record pohynuclectides are oollected and modified. In sows embodiments, separate
record polynucisotides ave collected and attached (e g., concatenated). In some smbodinents,
the method comprises concatenating said collected separate vecord polynuckeotides prior to
assessing said separate record polynucieotide. For exanple, in some embodimsnts, the
concatenating is mediated by s ligase or by Gibson assembly. In some embodiments, the
concatenated separate record polynuclectides are analyzed, assessed, o sequenced using any
suitable techniques or procedures. For example, the concatenated separate record
podynucleotides are sequenced as a steing. In some smbodiments, the concatenated

polynuclestide is sequenced vsing naOpore sequenciug.

2y In some embudiments, the separate record polynuecleotides are assessed, and the

assessing of the shared unique molecule identifier (UMD andVor barcode indicates that the site of
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the polypeptide and said site of the moiety are io spatial proximity. In some embodiments, the
sequenee data represents spatial configurations and, in some instances, connectivities and/or
interactions, of the macromolecules. In some embodiments, the method further includes
reconstruction and/or statistical analysis. In some embodiments, the sequencing data provides

information regarding two or more molecular interactions.

{122} In other embodiments, informnation ransfer between the associated polypeptide tag
and moiety fag to the separate record polynuclectide can be mediated by a ligase, g, a DNA
ligase, a ssDMNA ligase {e.g., Circligase), a dsDNA Hgase, or an RNA ligase. In other
embodiments, information transfor between the associated polypeptide tag and the moiety tag to
the separate record potynucleotide can be mediated by a topoisomerase. In other embodiments,
information transfer between the associated polypeptide tag and moiety tag can be mediated by
chentical ligation, In some embodiments, information transfer between the associated
polypeptide tag and/or molety iag to the separate record polynuciectide(s) can be mediated by

extension and/or Hgation,

f8123} In some embodiments, the method forms multiple separate record polypeptides
betwesn the polypeptide tag and more than one site of said mojety or between the polypeptide
o o

tag and more than one molsty.

{8124} n some embodiments, the linking structurs is formed between the site of a
polypeptide and one or more sites of a molety or between the polypeptide {ag and one or more
moisties. In some embodiments, one or more linking structure{s} is formed between the site of 3
polypeptide and two or more sites of a molety or two or more moieties. In some coibodiments,
the linking structure(s} is formed between the site of a polypeptide and 1, 2,3, 4,5, 6,7, 6,9, 18
or more sites of & moiety or between the site of a polypeptide and 1,2, 3,4, 5,6,7, 8,9, Ihor
more moletiss. In some embodiments, the sites of the moieties each belong to a different
polypeptide or protein. In some embodiments, the sifes of the moieties are cach & different site
on a polypeptide. Tn some examples, the Hoking structure s formed between the site of a
polypeptide and the site of moiety 1, between the site of the polypeptide and the site of motety 2,
between the site of the polypeptide and the site of molety 3, etc. In some embodiments, th
same site of 2 polypeptide can form, in a palrwise mamer, 3 Hnking structure with more than
ome site on the moiety or with more than one moiety {soe e.g., FI{. SA-9C). In some

embodiments, a first linking structure is formed between the polypeptide and a first moety

,
o
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(b1}, dissociated, and a second or subsequent Hoking stuciure is formed between the

polypeptids and a second or su‘:}“eq‘zem motety (M2}, In some embodiments, the overlapping
UMT and/or barcode indicates that the polypeptide formed @ Hoking structurs with M1 and M2,
& 3

In some embodiments, the information ‘c«“ m ?iw iwo o more shared UMI and/or barcodes
tadicates that the site of the polypeptide and the site of each of the moistics, M1 and M2, are in
spatial proximity. i some examples, indirest or overlapping pairwise formation from two or
3

more separate record polyvnuclectides indicates spatial proximity information for the polypeptide

eg {FIG, %C

Ry

{9125] Teansferring nformation befween the assosiated tag and the muoiety tag
s 3 g
or kgatmg the associated polypeptide tag and the mrolety tag can form any suitable number of

e shared unigue molecude identifier (UMT) andior barcode. For examiple, tansforring

o]

3

informmation between the associated polypeptids tag and the moiety teg or ligating the associated

L’i

polypeptide tag and the moiety tag can form a single shared unigue molecule identifier (UMD

and/or bareode. The single shared unique molecule identifier (UMY} and/or bareods can

comprise any suitable substance or sequence. In tome ombodiments, the single shared unigue

molecule identifier (UMD and/or barcode can be fonmed by combining muliiple sequences, e.g,

omdtinle UMIs and/or barcodes fronythe polypeptide fag and/or the motsty tag. Insome
Py 42 8

ﬁxam‘ipk:s, the shared UM and/or barcoede 18 3 coraposite {ag or composite UMI that comoprises

the sequencs of the UMY and/or barcode of the polypeptide tag and the sequence of the UMI

of the moiety tag. In another example, ansferring nformation between the

>

and/or mm code

associated pobypeptide tag and the molety tag or lgating the associated polypeptide tag and the
miety tag can form a phluvality of shared unigue molecule identifiers (UM} and/or barcodes.
19126] The UMI can compris suitable substance or seguence. In some ammbodiments,

the UM has a suitably or sufficiently low probability of sccmring multiple times in the sample
by chance. In other smbodiments, the UMI comprises a polynucientide conprising from about

3 muclestides o abowt 40 nucleotides. The muclestides i the UMI gﬁoiya‘ weleotide may or may

not be contiguous. In still other ombodiments, the polynacieotid he UM comprises a

degenerate sequencs. T yet other embodiments, the polynucleotide fo the UMI dosgs not

erts, the UMI cowprises a nuclele acid,
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complementary hases, a DNA with protected bases, sun RNA molecude, 2 BNA molecule, an
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XNA molecule, a LNA molecule, a PNA molecule, a yYPNA molecule, a morpholine DNA,; or a
combination thereef, The DMA molecule can be backbone modified, sugar modified, or
mucleobase modified. The DNA molecule can also have a nucleobase protecting group such as
Alloe, an electrophilic protecting group such as thiarane, 3n acety] protecting group, a
nitrobenzyl protecting group, & sulfonate protecting group, or a traditional base-labile protecting

group nchiding Ultramild reagent.

{81277 The polypeptide tag and the moiety tag can be dissocisted frore each other using any
suitable techniques or procedures. For example, if the polypeptide tag and the moiety tag are
associated with each other via polypeptide-polypeptide, polypeptide-polynucleotide or
polynucleotide-polynucteotide interaction, the polypeptide tag and the molety tag can be
dissociated from each other using any technigues or procedures suitable for breaking such
polypeptide-polypeptide, polypeptide-polynucleotide or polynucleotide-polynucieotide
interaction. In some embodiments, in the Hinking structure, the shared UMI and/or barcode
comprises a complementary polynucleotide hybrid, and dissociating the polypeptide tag from

the moiety tag comprises denaturing the complementary polynucieatide hybrid.

{9128} The polypeptide and the moiety can be dissociated from each other using any suitable
techniques or procedures. For example, if the polypeptide and the molety are associated with
each other via polypeptide-polypeptide or polypeptide-poiynucieotide interaction, the
polypeptide and the moisty can be dissociated from each other using any techniques or
procedures suitable for breaking such polypeptide-polypeptide ar polypeptide-polynuciectide
interaction. In some embodiments, both the polypeptide and the moiety are paris of s larger
solypeptide, and dissociating the polypeptide from the molety comprises fragmenting the larger
polypeptide into peptide fFragments. The larger polypeptide can be fragmented using any
suitable techmigues or procedures. For example, the larger polypeptide can be fragmented into
pvptide fragraents by a protease digestion. Any suitable protease can be used. For example, the
pmuease can be an exopeptidase such as an aminopeptidase or a carhonypeptidase. In another
examiple, the protease can be an endopeptidase or endoproteinase such as trypsin, LysC, LysN,
ArgC, chymetrypsin, pepsin, thermolysin, papain, or elastase. (See e.g., Switzar, Giera et al.
2013} Insome embodiments, the assessing of at least a partial sequence of the polypeptide and
at feast a partial identity of the molety is performed after the polypeptide and moiety are

dissociated from sach other. For example, the dissociated polypeptide and moiety can be used
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in a peptide or polypeptide sequencing assay {e.g., & degradation-based polypeptide sequencing
assay by construction of an extended recording tag). In some cases, the dissociated polypeptide

and moiety can be used in an assay which comprises cyclic remsoval of a terminal amino acid.

{91291 The present methods can be used for assessing identity and spatial relationship
between a polypeptide and a maoiety in a sample, regardless whether the polypeptide and the
moiety belong to the same molecule or not. For example, the target polypeptide and the motety
can belong to two different molecules. In another exaraple, the target polypeptide and the

moiety can be parts of the same molecule.

{0136  In some embodirments, the target polypeptide is a part of a larger polypeptide and the
moiety is also part of the same larger polypeptide. The roolfety can be any suitable substance or
1 complex thereof. For example, the moiety can comprise an amino acid or a polypeptide. The
moiety amino acid or polypeptide can comprise one or more modified amino acid(s).
Exemplary modified amino acid(s) includes a glycosylated amino acid, a phosphorylated amino
acid, a methylated amino acid, an acylated amino acid, a hydroxyproline or a sulfated amino
acid. The glycosylated amine acid can comprise a N-linked or an O-linked glycosyl maiety.
The phosphorylated amino acid can be phosphotyrosine, phosphoserine or phosphothreoning,
The acylated amine acld can comprise a farnesyl, a myristoyl, or a palmitoyl meiety. The

suifated amino acid can be a sulfotyrosine or a part of a disulfide bond.

{8131} In other embodiments, the moiety can be a part of a molecule that 18 bound fo,
complexed with of in close proximity with the polypeptide in the saraple. The moiety can be
any suitable substance or a complex thereof. For exaniple, the moiety can be an atom, an aming
acid, a polypeptide, a nucleoside, a nucleotide, a polynucicotide, 8 vitamin, a monocsaccharide,
an oligosaccharide, a carbohydrate, a lipid or a complex thereof. In specific embodiments, the
moiety comprises an amino acid or a polypeptide. The motety amino acid or polypeptide can
comprise one or more modified amino acid(s). Exemplary modified amine acid{s) includes a

glveosylated amino acid, a phosphorylated amine acid, & methylated amino acid, an acylated
amino acid, a hydroxyproline or a sulfated amino acid. The glycosylated amino acid can
comprise a N-linked or an O-linked glycosyl moiety. The phospherylated amino acid can be
phosphotyrosine, phosphoserine or phosphotlweonine. The acylated amine acid can comprise a
farnesyl, a mayristovl, or a palmitoyl molety. The sulfated amine acid can be a sulfotyrosine or 2

part of a disuifide bond.
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{81324 In some embodiments, the polypeptide and the moiety can belong to two different
proteins in the same protein complex. In other embodiments, the moiety canbe a part of'a
polvaucleotide molecule, e.g., a DNA or a RNA molecule, that is bound to, complexed with or

in close proximity with the polypeptide i the sample.

{B8133] The polvpeptide tag, the moiety tag, at least a partial sequence of the polypeptide,
and/or at least a partial identity of the molety can be assessed using any suitable technigues or
procedures. For example, if the polvpeptide tag, the moiety and/or the moiety tag cornprises a
polypeptide and/or a polynucleotide, any suitable techniques or procedures for assessing identity
or sequence of a polypeptide and/or a polynuclectide can be used. Similarly, any suitable
techniques or procedures for assessing a polypeptide can be used to assess at least a partial

sequence of the polypeptide.

191344 In some endbodiments, the polypeptide tag and/or the molety fag comprises &
polypeptide(s), the polypeptide tag and/or the moiety tag can be assessed using a binding assay,
£.g., an immunoassay. Exerplary immunoassays include an enzyme-linked iownunosorbent
assay (ELISA), immunoblotting, immunoprecipitation, radicimmunoassay (RIA},
immunostaining, latex agglutination, indirect hemagglutination assay (IHA), complement
fixation, indirect immunofliorescent assay (IFA), nephelometry, flow oytometry assay, surface
plasmon resorance (SPR), chemilurinescence assay, lateral flow inumunoassay, u-captice

assay, inhibition assay and avidity assay.

{81381  In sone embodiments, the polypeptide tag and/or the molety tag comprises &
pobynuclectide, e.g., DNA or RNA. Before or concurrently with the assessment, the
polymuclestide can be amplified. The polynucleotids in the polypeptide tag and/or the moiety
tag can be amplified using any suitable technigues or procedures. For example, polynuclestide
can be amplified using a procedure of polymerase chain reaction (PCR}, strand displacement
amplification (SDA}, transcription mediated amplification (TMA), ligase chain reaction {LCR),
nucieic acid sequence based amplification (NASBA), primer extension, rolling circke
amplification (RCA), self-sustained sequence replication (38R}, or loop-mediated isothermal

amplification {EAMP),

[0336] At least a partial sequence of the polypeptide or at least a partial identity of the
moiety can be assessed using any suitable technigues or procedures. If the moiety comprises

polypeptide, at east a partial sequence of the both of the polypeptids and the moiety can be
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assessed by any suitable polypeptide sequencing techniques or procedures. For sxample, at least
a partial sequence of the both of the polypeptide and the moiety can be assessed by N-terminal
amuto acid analysis, Crterminal amino acid analysis, the Bdman degradation, and identification
by mass spectrometry. In some embodiments, at least & partial ssquence of one or both of the
polypeptide and the molety can be assessed by using cognate binding agents {e.z., antibodies or
mixed population of monoclonal antibodies) that bind or recognize at least a portion of a

macromolecule. In another example, at least a partial sequence of both of the polypeptide and
S

\_.‘

the moiety can be assessed by the technigues or procedures disclosed and/or claimed in L
Provisional Patent Application Nos. 62/330,841, 62/339,071, 62/376,886, 62/579,844,
O2/382,312, 62/583,448, 62/579 870, 62/579,840, and 62/582.916, and International Patent
Application No. PCTAUS2Z017/030702, published as WO 2017/192633 Al. Insome
embodiments, the polypeptide and molety are dissociated from each other and immobilized ona
suppart prior t assessing at least a partial sequence of the polypeptide and/or at least partial
identity of the moiety. In some aspects, the assessing of at least a partial sequence of the
polypeptide or at lsast a partial identity of the muoiety is performed using a method that includes

or uses DNA and/or ONA encoding.

{$137]  Insome embodiments, the at least a partial sequence of the polypeptide is assessed
using a procedure comprising: al) providing the polypeptide and the associated polypeptide tag
that serves as a recording tag; bl) contacting the polypeptide with a first binding agent capable

of binding to the polypeptide, wherein the first binding agent comprises a first coding tag with

identifying information regarding the first binding agent; ¢1) transferring the information of the
first coding tag to the recording tag to generate a first order extended recording tag; and d1)
analyzing the first crder extended recording tag. The step al) can comprise providing the
polypeptide and an assoelated polypeptide tag joined to a solid support. The method can further

comprise contacting the polypeptide with a second {or higher srsier} binding agent comprising
second {or higher order)} binding portion capable of binding to the polypeptide and 8 coding tag
with identifying information regarding the second {or Eaigh@r order) binding agent, transferring
the information of the second {or higher order) coding tag to the firat order extended revording
tag to generate a second order {or higher srder) extended recording tag, and anglyzing the

second order {or higher order} extended recording tag.

in
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iB138]  Insome embodiments, the af least a partinl sequence of the polypeptids is assessed
using a procedure comprising: al) providing the polypeptide and the associated polypeptide tag

1

that serves as a recording tag; bl) contacting the polypeptide with u first binding agent capable
of binding to the Neterminal amine acid (NTAA) of the polypeptide, wherein the first binding
agent comprises a first coding tag with identifying information regarding the first binding agent;
¢l} transferring the mformation of the first coding tag to the recording tag to generate an
extended recording tag; and d1) analyzing the extended recording tag. The method can further
comprise providing the polypeptide and an associated polypeptide tag joined to a solid support.
The method can further comprise contacting the target polypeptide with a second (or higher
order} binding agent comprising a second {or higher order) coding tag with identifying
information regarding the second {or higher order) binding agent, wherein the second {or higher
order) binding agent is capable of binding to a NTAA cther than the NTAA of the polypeptids.
The contact between the pelypeptide with the second {or higher order) binding agent can be
conductad in any suitable manner. For example, contacting the polypeptide with the second {or
higher order} binding agent can oceur in sequential order following the polypeptide being
contacted with the first binding sgent. In another example, contacting the polypeptide with the
second {or higher order} binding agent can oceur sinmltancously with the polypeptide being

contacted with the first binding agent.

{01381 Insome embodiments, the at least a partial sequence of the polypeptide is assessed
using & procedure comprising: al} providing the polypeptide and the associated polypeptide tag
that serves as a recording tag; b1) contacting the polypeptide with a first binding sgent capable
of binding to the N-terminal amino acid (NTAA) of the polypeptide, wherein the first binding
agent comprisgs a first coding tag with identifying information regarding the first binding
agent;cl) transferring the information of the first coding tag to the recording tag 1o generate a
first order extended recording fag; 41} removing the NTAA to expose a new NTAA of the target

1

polypeptide; el contacting the polypeptide with a second {or higher order) binding agent
comprising a second {or higher order) coding tag with identifying information regarding the
second {or higher order) binding agent, wherein the second (or bigher order) binding agent is
capable of binding to the new NTAA, whersin the second {or higher order) binding agent
comprises a second coding tag with ideotifyving information regarding the second {or higher
order) binding agent; €1} transferring the information of the second {or higher order) coding tag

to the first extended recording tag to senerate 2 second order {or higher order) extended
£ g 3 J
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recording tag; and g1) anslyzing the second order {or higher order) extended recording tag. The

steps d1}g1)} can be repeated one or more times, The method can further comprisg providing

i nol

he polypeptide and the sssociated polypeptids tag joined to & solid support.

{81463 In some embodiments, the &t least a partis soquence of the polypeptidy is assessod

uging a procedure comprising: al) providing the polypeptide and the associated
that serves a8 o recording tag: b1} modifying the Noterminal amino acid (NTAA
polypeptide, ez, with a chemical agent; 1) contacting the polypeptide with a frst binding

agent capable of binding tothe modified NTAA, whersin the fivst binding agent cumpeises a

first coding tag with idemifying fnformation regarding the first binding agent; d1) transferving

the information of the frst caaimg tag 1o the recording tag to generale 2 first order extended

recarding tag, and o) analyzing the first ovder extended recording tag. The step al) can
saprise providing the polypeptide and the associated polypeptide tag joined to 2 solid support.

JE fa

The method can further comprise contacting the polypeptide with o sscond (or higher order)
binding agent compeising a second {or kigher order) coding tag with identifying information
regarding the second {or higher order} binding agent, wherein the second {or lugher ovder)
binding ageuf is sapabi¢ of binding to » modified NTAA other than the modified MTAA of step
J 3

k1), The contact betwean the polypeptide and the second émf %Tz sher order) binding ¢ agent can nbe
YPeE }
or

conducted in sny suitable masner. For sxample, comafi'mg e pobvpeptide with the second {

/;

higher order) binding agent can oocur in sequential order mimwmv the polypeptide being

contacted with the first binding agent. In another example, contacting the polvpeptide with the

second (o higher arder) binding agent can scour simulizneously with the polypeptide being
b 3 7 Ej A b) e

0o

23]

Pl

contacted with the first binding agent.

B4} In some embodiments, anabyzing the first order sndfor the second {or higher order)

iy

extended recording tag also agsesses the polypeptide tag.

18143} in some embodiments, the moiety comprises & molety polypeptide, and at least a
partisl identity or sequence of the molety can be assessed using a procedure vomprising: 22}
”;*mfids’nfg the molety polypeptide and the associated ¢ mfeiy tag that serves as o recording tag;
b2} contacting the molety polypeptids with a first binding agest capalile of binding to the moiety
gei@ﬁpﬁd@g wheretn the fiest binding agent comprises a first coding tag with identifying

1

information regarding the first binding agent; ©2) transferring the formation of the first coding

3
et
;9
e
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tag to the recording tag o generate » frst order extended recording tag; and d
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first order extended recording tag. The method can further comprise contacting the moiety
polypeptide with a second {or higher order) binding agent comprising a second {or higher order}
binding portion capable of binding to the moiety polypeptide and a coding tag with identifying
information regarding the second {or higher order) binding agent, transferring the information of
the second {or higher arder) coding tag to the first arder extended recording tag to generate a
second order {or higher order) exiended recording tag, and analyzing the second order {or higher

order} extended recording tag.

{B#143] In some embodiments, the at least 8 partial sequence of the molety polypeptide is
assessed using a procedure comprising: 42} providing the moiety polypeptide and the associated
molety tag that serves as a recording tag; b2) contacting the moiety polypeptide with a first
binding agent capable of binding to the N-terminal amino acid (NTAA) of the moiety
polypeptide, wherein the first binding agent comprises a first coding tag with identifying
information regarding the first binding agent; ¢2) transferring the information of the first coding
tag to the recording tag to generate an extended recording tag; and 42} aualyzing the extended
recording tag. The method can further comprise providing the moiety polypeptide and an
associated moiety tag joined to 2 solid support. The method can further comprise contacting the
moiety polypeptide with a second {or higher order) binding agent comprising a second (or
higher order) coding tag with identifying information regarding the second (or higher order)
binding agent, whergin the second {or higher order) binding agent 18 capable of binding to a
NTAA other than the NTAA of the polypeptide. The contact between the moiety polypeptide
with the second {(or higher order) binding agent can be conducted in any suitable manner. For
example, contacting the moiety polypeptide with the second {or higher order} binding agent can
oceur in sequential order following the moiety polypeptide being contacted with the first binding
agent. In another example, contacting the moiety polypeptide with the second {or higher order)
binding agent can ocowr simultanecusly with the moiety polypeptide being contacted with the
first binding agent.

{0144} o some embodiments, the at least a partial sequence of the moiety polypeptide is
assessed using a procedure comprising: a2) providing the moiety polypeptide and the associated
moiety tag that serves as a recording tag; b2) contacting the moiety polypeptide with a first
binding agent capable of binding to the N-terminal amino acid (NTAA) of the moiety

polypeptide, wherein the first binding agent comprises a first coding tag with identifying
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infornation regarding the first binding agent; ¢2) transferring the information of the first coding
tag to the recording tag to generate a first order extended recording tag; d2) removing the NTAA
to expose a new NTAA of the moisty polypeptide; e2) contacting the moiety polypeptide with 2
second (or higher order) binding agent comprising a second {or higher order) coding fag with
identifying information regarding the second (or higher order) binding agent, wherein the second
{or higher order) binding agent is capable of binding to the new NTAA, wherein the second {or
higher order) binding agent comprises a second coding tag with identifying information
regarding the second {or higher order) binding agent; £2) transferring the information of the
second (or higher order) coding tag to the first extended recording tag to generate a second order
{or higher order) extended recording tag; and g2) analyzing the second order {or higher order)
extended recording tag. The steps d2)-g2) can be repeated one or more Himes, The method can
further comprise providing the moiety polypeptide and the associated moiety tag joined to a

solid support.

{$145}  In some embodiments, the at least a partial sequence of the molety polypeptids is
assessed using a procedure comprising: a2) providing the moisty polypeptide and the associated
moiety tag that serves as a recording tag; b2) modifying the N-terrainal amino acid (NTAA) of
the moiety polypeptide, e.g., with a chemical agent; ¢2) contacting the moiety polypeptide with
a first binding agent capable of binding to the modified NTAA, wherein the first binding agent
comprises a first coding tag with identifying fnformation regarding the first binding agent; d2)
transferring the information of the first coding tag to the recording tag to generate a first order
extended recording tag; and €2} analyzing the first order extended recording tag. The step a2)
can comprise providing the moiety polypeptide and the associated moiety tag joined to a solid
support. The method can further comprise contacting the moiety polypeptide with a second {or
higher order) binding agent comprising a second (or higher order) coding tag with identifying
information regarding the second (or higher order) binding agent, whersin the second {or higher
order) binding agent is capable of binding to a modified NTAA other than the modified NTAA
of step b2). The contact between the moiety polypeptide and the second {or higher order)
binding agent can be conducted in any suitable manner. For exaraple, contacting the moisty
polypeptide with the second {or higher order) binding agent can ocour in sequential order
following the moiety polypeptide being contacted with the first binding agent. In another
example, confacting the moiety polypeptide with the second {or higher order) binding agent can

cocur simuaneously with the mwoisty polypeptide being contacted with the first binding agent,
o 3 X ped
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{0148]  In some embodiments, the methods described herein use a binding agent capable of
binding to the macromolecule, e.2., the polypeptide or the moiety. A binding agent can be any
molecule {e.g., peptide, polypeptide, protein, nucleic acid, carbohydrate, small molecule, and the
like} capable of binding to g component or feature of a polypeptide. A binding agent canbe a
naturally cocwrring, syathetically produced, or recombinantly expressed molecule. In some
embodiments, the scaffold used to engineer a binding agent can be from any species, e.g.,
human, non-human, frapsgenic. A binding agent may bind to a single monomer or subunit of g
polypeptide {e.g., 3 single amino acid} or bind tomultiple linked subunits of a polypeptide {e.g.,
dipeptide, tripeptide, or higher order peptide of a longer polypeptide molecule) or bind to an
epitope.

{81473 In certain embodiments, a binding agent may be designed to bind

covalently. Covalent binding can be designed to be conditional or favored upen binding {o the
correct moiety. For exanple, an NTAA and ils cognate NTAA-specific binding agert may each
be modified with 3 reactive group such that once the NTAA-specific binding agent is bound to
the cognate NTAA, a coupling reaction is carried out to create a covalent linkage betwesen the
two. Nonespecific binding of the binding agent to other locations that lack the cognate reactive
group would not result in covalent attachment. In some ersbodiments, the polypeptide
comprises a ligand that is capable of forming a covalent bond {6 a binding agent. Insome
embodiments, the polypeptide comprises a functinnalized NTAA which includes a ligand group
that is capable of covalent binding to o binding agent. Covalent binding between a binding
agent and its farget may allow for more stringent washing o be used to remove binding agents

that are non-~specifically hound.

[0148]  In certain embodiments, a binding agent may be a selective binding agent. As used
herein, selective binding refers to the ability of the binding agent to preferentially bind to a
specific Hgand {e.g., amino acid or class of aming acids) relative to binding to a different ligand
{e.g., amino acid or class of amino acids). Selectivity is commonly referred to as the
equilibrium constant for the reaction of displacement of one ligand by another ligand in a
complex with a binding agent. Typically, such selectivity is associated with the spatial
geometry of the ligand and/or the manner and degree by which the ligand binds to a bindin,
agent, such as by hydrogen bonding or Van dey Waals forces {non~covalent interactions} or by

reversibie or non-reversible covalent attachment to the binding agent. It should also be

[
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undersiood that selectivity may berelative, and as opposed to sbsohute, and that differvent factors
can affect the same, including ligand concentration. Thus, in one example, a binding agent
selectively binds one of the twenty standard amino acids. In some examples, s binding agent
binds 10 an N-terminal anune acid residue, a C-torminal amino acid residue, or an internal amine

acid residy

wrang

§14% In some embodiments, the binding agent is partially specific or selective. In some
aspects, the bindmg agent preferentially binds one or more aming acids. In some exanmples, 2
binding agent may bind to two or more of the twenty standard amino acids. For example, a
binding agernt may preferentially bind the amine acids A, C, and G over other amine acids, In
some other examples, the binding agent may selectively or specifically bind more than one
amino ackl. In some aspects, the binding agent may also have a preference fow one or more
aming acids ot the second, third, fourth, fifth, eic. positions from the terminal amine acid. In
sorme cases, the binding agent preferentially binde to a specific terminsl amine acid and one or
more peruttimate aming zeid. In some cases, the binding agent preferentially binds to ane or
mere specific terminal amino acid(s} and ons penultimate amine acid. For example, 3 hinding
agent may preferentially bind AA, AC, and AG or a binding sgent may preferentinily bind AA,
CA, and GA. In some specific examples, binding agents with different specitficities can share
the same coding tag. In some embodiments, a binding agent may exhibit fexibility and
varigbility in target binding preference in sone or all of the positions of the targets. Insome
examples, 2 binding agent may have a preference for one or more specific target terminal aming
acids and have a fexible preference for a target at the penultimste position. In some other
examples, 2 binding agent may have a preference for one or more specific target aming acids in
the penultimate amino acid position and bave a flexible preference for a target at the terminal
amino acid position. In some embodiments, & binding agent is selective for a target comprising
& terminal amino acid and other comaponents of s rescromaodecule. Tn some exaraples, o binding
agent is selective for a target comprising a terminal amino actd and at least a portion of the
peptide backbone. In some particular examples, 2 binding agent is selective for a targst
comprising a terminal amine acid and an amide peptide backbone. In some cases, the peptide
backbone comprises a natural peptide backbone or a post-transiational modification. n some

embodiments, the binding agent exhibits allosteric binding
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{8158] In the practice of the methods disclosed herein, the ability of a binding agent to
selectively bind a featore or component of a macromolecule, e.g., a polypeptide, need only be
sufficient to alow twansfer of its coding tag infornation to the recording tag sssociated with the
polypeptide. Thas, selectively need only be relative to the other binding agents to which the
polypeptide is exposed. I should also be understood that selectivity of a binding agent need not
be absolute to a specific amine acid, but could be selective to a class of amino acids, such as
amino acids with polar or non-polar side chains, or with electrically (positively or negatively)
charged side chains, or with aromatic side chains, or some specific class or size of side chains,
and the Hite. In some embodiments, the ability of a binding agent to sclectively bind a feature or
component of @ macromolecule is characterized by comparing binding abilities of binding
agents. For example, the binding ability of a binding agent to the target can be comparsd to the
binding ability of 8 binding agent which binds to a different target, for example, comparing a
binding agent selective for a class of amine acids io a binding agent selective for a different
clage of amino acids. In some examples, a binding agent selective for non-polar side chains is
compared to a binding agent selective for polar side chains. In some embodiments, a binding
agent selective for 2 feature, component of a peptide, or one or more amine acid exhibits at least
1X, at least 23X, at lenst 5X, at least 10X, at least 50X, at least 100X, or at least 500X more
binding compared 1o a binding agent selective for a different feature, component of a peptide, or
one oF more aming acid.
§6181 in a pariivular embodiment, the binding agent has a high affinity and high selectivity

for the macromolecule. In particular, 2 high binding affinity with z low offrate may be

fieacious for information transfer between the coding tag and recording tag. In certain

1)
Fegny

embodiments, a binding agent has a Kd of about < $00 nM, <200 nM, < 100 oM, < 50 oM, < 10
M, <5 uM, <1 oM, <05 8M, or <0.1 oM. In some cases, a binding agent has a Kd of sbout <
100 oM. In a particelar embodiment, the binding agent is added to the polypeptide at a
coueentration > HIX, > 100X, or >1000X its Xd to drive binding to completion. For example,
binding kinetics of an antibody to a single protein molecule is described in Chang et all, J

Inmunol Methods (2012) 378(3-2): 102-115.

{8152}  Incertain embodiments, a binding agent may bind to an NTAA, a CTAA, an
intervening amino acid, dipeptide (sequence of two amino acids), tripeptide {sequence of three

amine acids}, or higher order peptide of a peptide molecule. In some embodinents, cach
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):)-A

inding agent in a Hbrary of binding agents selectively binds to & particular amino acid, for
example one of the twenty standard nabiwally oocurring amine acids. The standard, naturally-

oocuiving amino acids include Alanine {A or Ala), Cysteine (€ or Cys), Aspartic Acid (D or
Asp}, Glutaniic Acid {E or Gy}, Phenylalanine (F or Phe}, Glveine (G or Gly), Histidine (H ¢
Hisy, isoleucineg (I or He), Lysine (K or Lys), Leucine (L or Leu), Methionine (4 or Iet),

\ Ol A 3 2 ;

Asparagine (N or Asn}, Proline {F or Pro}, Glutareine {Q or Gln), Arginine (R or Avg), Serine (3

«

or Ser), Threonine {T o T

e <

The), Valine (V or Val}, Tryptophan (W or Trp), and Tyrosine (Y or

:

Tyry Insome smbodiments, the binding agent binds to an unmodified or native amine acid. Tn

some examples, the binding agent binds to sn vomodified or native dipeptide (sequence of two
aming acids}, tipeptide (sequence of theee amine acids), or higher order peptide of & peptide

molecule. A binding agent may be enginesved for high affinity foran or unmodified

NTAA, high specificity for a native or unmodified NTAA, or both. In some embodiments
3 o 5

binding agen'is can be developed through directed evolution of promising affinity scaffolds using

¥

a4

uniabeled terminal amino acid. In certain embodiments, a binding agent may bind o 8 maodified
or labeled terminal amino acid {e g, an NTAA that bas been functionalized or modified). In
some embodiments, a binding agent may bind to 8 chemically or eneymativally modified
termingl aroino acid,. A modified ot Iabeled NTAA carbe one that is functionalized with FITC,

I-flooro-2 4-dinitrobenzene (Sanger's reagent, DNFRY, benzyloxycarbonyl chiorids or

x

carbobenzony chloride {Chz-Cl, N-(Benzvioxyesrbonyloxyisuccinimide {Chz-0O%u ar Chz-O-
NHB}, dansyl chloride (DNS-CY or -dimethylaminonephthalene-5-sulfony! chioride}, 4~
sulfonyl-2-mitrofuorobenzene (SNFB), an acelylating reagent, a guanidinviation reagent, a
thicacylation reagent, o thicacetylation reagent, or a thiobenzylation reagent. In some examples,

4

the binding agent binds an amino acid labsled by contacting with a reagent or using 2 method as

Y <

described {n International Patent Publication No, WO 2019/089848. In some cases, the binding

agent binds an amino acid labeled by an amine modifying reagent.

FBIS4] in some embodiments, the binding agent is derived from a biologies!, naturally
cecurring, non-naturally oocurring, or synthetic sourge. In some examples, the binding agent is

20163 S3TTEA0RRL0-327). Insom

x e

derived from de nove protein design (Haang et al,,

\

%

f:xampies the binding agent
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aptamer, or ENA aplarder), & peptoid, an arsino acid binding protein or &y e, an antibody or &

speeific binding fragment thereof, an antibody binding fragment, an antibody mimetic, 4 peptide, a

=

¥

septidomrdrastic, 2 profein, of 8 rvivmwimiiée {e.z., ONA, RNA, peptido nucleie acid {(PNA),

e

u-q,,

gPINA, bridged nucleie acid (BNA), yeno nuclete acid (XNA), glycero! nucleic aoid {GNA), or

threose mucleic acid (TNAY, or & variant theveof).

[8185] Potential seaffolds that can be enginecred to generate binding agents for use in the
methods described herein include: an anticalin, a lipocalin, an aming acid tRNA synthetase
{azR8B), ClpS, an Affiin®, an Adnectin™, a T cell receptor, a zine finger protein, a thioredoxin,
GST Al-1, DARPin, an affimer, an affitin, an alphsbody, an avimer, a Kunitz domain peptide, a
monobody, an antibody, a single domain antibody, a nanobody, EETEI, HPSTL, intrabody,
PHD-finger, VINAR) LDTY, evibody, Ig{NAR), knottin, maxibody, microbody,
neocarzinastatin, pVIH, tendamistat, VLR, protein A scaffold, MTI-I, ecotin, GCN4, Im9,
kunitz domain, PBP, trans-body, tetranectin, WW domain, CBM4-2, DX-88, GFP, iMab, Ldl
receptor domain A, Min-23, PDZ-domain, avian pancreatic polypeptide, charybdotoxin/10Fn3,
domain antibedy {Dab), a2p8 ankyrin repeat, nsect defensing A peptide, Designed AR protein,
C-type lectin domain, staphvlocoecal nuclease, Sre homology domain 3 (SH3), or Sre homaology
domain 2 (SH2). In someembodiments, 3 binding agent is derived from an enzyme which binds

e

one or more amino acids {e.g., an aminopeptidase). n certain embodiments, 2 binding agent can

&

hY
H
i

be derived from an anticalin or ap ATP-dependent Clp protease adapior protein (ClpB)

{8156} In some embodiments, 2 binding agent comprises a coding tag contatning identifying
information regarding the binding agent. A coding tag is a nucleic acid molecule of about 3
bases 1o gbout 100 bases that provides unique identifying information for its associated binding
agent. A coding tag may comprise about 3 to about %0 bases, about 3 to about 80 bases, about 3
to about 70 bases, about 3 to about 60 bases, about 3 bases to abowt 50 bases, about 3 bases to
about 40 bages, about 3 bases to about 38 bases, about 3 bases to about 20 bases, about 3 bases
10 about 10 bases, or about 3 bases to about 8 bases. In some embodimends, a coding tag is
about 3 bases, 4 bases, 5 bases, § bases, 7 bases, 8 bases, 9 bases, 10 bases, 11 bases, 12 bages,
13 bases, 14 bases, 135 bases, 16 bases, 17 bases, 18 bases, 19 bases, 20 bases, 25 bases, 30
bases, 35 hases, 40 bassg, 55 bases, 60 bases, 63 bases, 70 bases, 75 bases, 80 bases, 85 bages,
B0 bases, 95 bases, or 100 bases in length. A coding tag may be composed of DMA, BNA,
polynucleotide analogs, or a combination thereof. Polynucleotide analogs include PNA, gPNA,

BMA, GNA, TNA, LNA, morpholino pofynucleotides, 2°-O-Methyi polynuclectides, alkyl
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ribosyl substituted polynucleotides, phosphorothicate polynucientides, and 7-deaza purine
analogs.

{8187] A coding tag comprises an encoder sequence that provides identifying information
regarding the associated binding agent. An encoder sequence is about 3 bases to about 30 bases,
about 3 bases to about 20 bases, about 3 bases to about 10 bages, or about ¥ bases to shout 8
bages, Insome embodiments, an encoder sequence is about 3 bases, 4 bases, 5 bases, 6 basss, 7
bases, 8 bases, 9 bases, 10 bases, 11 bases, 12 bases, 13 bases, 14 bases, 15 bases, 20 bases, 25
bases, or 30 bases in length. In some embodiments, the length of the encoder sequence
determines the number of unigue encoder sequences that can be generated. Shorter encoding
sequences generate g smaller pumber of unique encoding sequences, which may be useful when
using & small mumber of binding agents. In a specific embodiment, & set of > 50 unigue encoder

sequences are used for a hinding agent library.

{8158} In some embodiments, each unique binding agent within a Ubrary of binding agents
has a unigue encoder sequence. Fov example, 20 unique encoder sequences may be used for a
library of 20 binding agents that bind to the 20 standard amine acids. Additionsl coding tag
sequences may be used 1o identify modified smino acids {e.g., post-transiationally modified
amino acids). In another example, 30 unigue encoder sequences may be used for a library of 30
binding agents that bind to the 20 standard amdno acids and 10 post-translational modified
amino acids {e.g, phosphorylated amine acids, acetylated amine acids, methylated amine
acids). In other ersbodiments, two or more different binding agents may share the same encoder
sequence. For example, two binding agents that each bind to & different standard aming acid

may share the same encoder sequence.

{61391  Incertain embodiments, a coding tag further comprises a spacer sequence at one end
or both ends. A spacer sequence is about 1 base to about 20 bases, about | base to about 10
bages, about 5 bases to about 9 bases, or about 4 bases to about 8 bases. In some embodiments,
2 spacer is about 1 base, 2 bases, 3 bases, 4 bases, 5 bases, 6 bases, 7 bases, 8 basss, 9 bases, 10
bases, 11 bases, 12 bases, 13 bases, 14 bases, 15 bases or 20 bases in fength. In some
embodiments, a:spacer within a coding tag is shorter than the encoder sequence, e.g., at least 1
base, Z, bases, 3 bases, 4 hases, 5 bases, 6, bases, 7 bases, 8 bases, 9 bases, 10 bases, 11 bases,
12 bases, 13 bases, 14 bases, 15 bases, 20 bases, or 25 hases shorter than the encoder

sequence. in.other embodiments, a spacer within a coding tag is the same length as the encoeder
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sequence. In cerlain embodiments, the spacer is binding agent specific so that a spacer from a
previous binding eyele only inferacts with a spacer from the appropriate binding agestin a
current binding cycle. Ao example would be pairs of cognate antibodies containing spacer
sequences that only allow information transfer if both antibodies seguentially bmnd to the
polypeptide. A spacer sequence may be used as the primer anvealing site for a primer extension
reaction, ot a splint or sticky end in a ligation reaction. A 5 spacer on a coding tag may
optionally contain pseudo complementary bases to a 37 spacer on the recording tag to increass T,
(Lehoud et al., 2008, Nucleic Acids Res. 36:3409-3419). In other embodiments, the coding tags

within a library of binding agents do not have a binding cycle specific spacer sequence,

18160] In some embodiments, the coding tags within a collection of binding agents share a
comamon spacer sequence used in an assay {e.g. the entire library of binding agenis used ina
multiple binding cycle method possess a coramon spacer in thetr coding tags). In another
embodiment, the coding tags are comprised of a binding cyele tags, identifying a particular
binding cycle. In other embodiments, the coding tags within a library of binding agents have a
binding cvele specific spacer sequence. In some embodiments, a coding tag comprises one
binding cycle specific spacer sequence. For example, a coding tag for binding agents used in the
first binding cycle comprise a “cycle 17 specific spacer sequence, 3 coding tag for binding
agenis used in the second binding cycle comprise a “cyele 27 specific spacer sequence, and so
onup to “n’” binding cycles. In further embodiments, coding tags for binding agents used in the
first binding eycle comprise a “cycle 17 specific spacer sequence and a “cycle 27 specific spacer
sequence, coding tags for hinding agents used in the second binding eycle comprise a “cyole 27
specific spacer sequence and a “cycle 3" specific spacer sequence, and 5o on up 1o “n” binding
cycles. In some embeodiments, a spacer seguence comprises a sufficient number of bases to
anneal fo a complomentary spacer sequence in a recording iag or extended recording tag to

mitiate g privoer exiension reaction or sticky end lgation reaction.

[B1s61] In some embodiments, coding tags associated with binding agents nsed to bind in an
alternating cysles comprises different binding cyele specific spacer sequences. For sxample, a
coding tag for binding agents used in the first binding cycle comprise a “cycle 17 specific spacer
sequence, a coding tag for binding agents used in the second binding cycle comprise a “cycle 27
specific spacer seguence, 2 coding tag for binding agests used in the third binding eycle also

comprises the “cycle 17 specific spacer sequence, a coding tag for binding agents used in the
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fourth binding cycle comprises the “evele 27 specific spacer sequence. In this mannsy, cycle

specific spacers are not needed for every evcle,

{81821 A cycle specific spacer sequence can also be used to concatenate Information of
coding tags onto & single recording tag when a population of recording tags is associated with a
polypeptide. The first binding cycle transfers information from the coding {ag to a randomdy-
chosen recording tag, and subsequent binding eyeles can prime only the extended recording tag
using eycle dependent spacer sequences. Move spacifically, coding tags for binding agents used
in the first binding cycle cornprise a “oyele 17 specific spacer sequence and a “cyele 27 specific

1

spacer sequence, coding tags for binding agems used m the second binding oyele comprise 3

%

s 2T

specific spacer sequence and 2 “cyele 3

113

cyele 2 specific spacer sequense, and g0 onup te
binding cycles. Coding tags of binding agents from the first binding cycle are capable of
annealing to recording tags via complementary cycle 1 specific spacer sequences. Upon transfer
of the coding tag information o the recording tag, the cycle 2 specific spacey sequence is
positioned at the 37 terminus of the extended recording tag at the end of binding cycle 1. Coding
tags of binding agents from the second binding cycle are capable of annealing to the extended
recording tags via complenientary cyvele 2 specific spacer sequences. Upon transfer of the
coding tag information to the extended recording tag, the oyele 3 specific spacer sequence is
positioned at the 3° termdinug of the sxtended recording 1ag at the end of binding cyele 2, and %
on through “n” binding cycles. This embodiment provides that iransfor of binding information
in a particular binding cvcle among multiple binding cycles will only ocour on {extended)
coording tags that have experienced the previous binding eycles. However, sometimes a
binding agent may fail to bind to a cognate polypeptide. Oligonucleotides comprising binding
eycle specific spacers alter each binding cycle as 5 “chase” step can he used to keep the binding
cycles synchronized even if the svent of 3 binding cycle fathwe., For example, if a cognate
binding agent fails to bind to a polypeptide during binding cycle 1, adding a chase step
following binding cyele 1 using oligonucleotides comprising both a oycle 1 specific spacer, a
cyele 2 specific spacer, and a “nall” sucoder seguence. The “null” encoder sequence can be the
absenice of an encoder sequence or, preferably, 8 specific barcode that positively identifies a
“mdl” binding cyele. The “mudl” oligonucleotide is capable of annealing to the recording tag via
the cycle 1 specific spacer, and the oyele 2 specific spacer is transferred 1o the recording tag.
Thus, hinding agents from binding eyele 2 are capable of annealing to the extended recording

tag via the cyele 2 specific spacer despite the failed binding cvele | event. The “nudl”
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oligonucleotide marks binding cycle 1 ae a failed binding event within the extended recording
tag.
G163} in some embodiments, a coding tag comprises a cleavable or nickable DNA strand
within the second (3°) spacer sequenve proximal to the binding agent. For example, the 3°
spacer may have one or more uraci bases that can be nicked by uracil-specific excision reagent
{USER}. USER generates a single nucleotide gap at the location of the uracil. In another
example, the 37 spacer may comprise & recognition sequence for a nicking endonuciease that
hydrolyzes only one strand of 8 duplex. Pr eferably, the enzyme used for cleaving or nicking the
3’ spacer sequence acts only on one DNA strand {the 37 spacer of the coding tag}, such that the
other strand within the duplex belonging to the (sxtended) recording tag is left intact. These
ernbadiments is particularly useful in assays analysing proteins in their native conformation, as
it allows the non-denatring removal of the binding agent from the (extended} recording tag
fter primer extension has ocourred and leaves 3 single stranded DINA spacer sequences on the

sxtended revording tag available for subsequerd binding cyeles.

[#164]  Inceniain ersbodiments, a coding tag may further comprise 2 unigue molecular
wlentifier for the binding agent to which the coding tag is linked

»

i5165] A coding tag may include 2 terminator nucleotide incorporated at the 3" end of the 3
spacer sequence. After a binding agent binds o a polypeptide and their corrssponding coding
iag and recording tags anneal via complementary spacer sequences, 1t is possible for primer
extension to wansfer information from the coding tag to the recording tag, or to transfer
information from the recording tag to the coding tag. Addition of a ternainator nucleotide on the
3" end of the coding tag prevents transfer of recording tag wnformation to the coding tag. His
understood that for sibodiments deseribed hereln tnvolving geperation of extended coding tags,
it ynay be preferable to include a terminator nuclectide at the 37 end of the recording tag to

prevent iranster of coding tag information to the recording tag,

{0168 A coding tag may be a single stranded molecule, a double stranded malecule, or a
partially double stranded. A coding tag may comprise blunt ends, overhanging ends, or one of
cach. In some smbodiments, a coding tag is partially doubie stranded, which prevents annealing
of the coding {ag to interng! encoder and spacer sequencss o a growing extended recording

fag. In some embodiments, the coding tag comprises a haipin. In certain embodiments, the

halrpin comprises mutually complementary nucleic acid regions ave connected through a nucleic

5
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acid strand. 1o some embodinents, the nucleic acid habpin can also further comaprise 3% and/or

R

57 siny viewimnuedwgmms, extending from the double-stranded stem segment.  In some

examples, the hatrpin comprises a single strand of nucleic acid,

B1sT] n some embodimentis, a coding tag may lnchide a toominator nucleotide incorporated
at the 3° end of the 37 spacer sequence. Afler o binding agent binds {0 a macromolsculs and
their corrssponding coding tag and reoording tags anneal via complementary spacer sequences,

N

i is possible for priveer extension 1o ransfer wnformation from the coding tag to the recording

C

tag, or o wansfer information fom the recording tag 1o the coding tag.  Addition of & terminator

L

nucleotide on the 27 end of the coding tag prevens transfer of recording tag information o the
coding tag. Tt is understood that for embodiments described herein involving generation of

e

i coding tags, it may be preferable to inchude a termainator nucleotide at the 3 en

3

of the
recording tag 1o prevent transter of coding tag information to the recording tag.

3

D158} A coding tag s joined to a binding agend divectly or indivectly, by any means known
3 £ 5 Wy & RERER J

in the art, including covalent and now-covalent interactions. Insome embodiments, 2 coding tag
may be joined to binding agent enzymatically or chenically. In some embodiments, a coding
tag mayv he joined to 2 binding agent via lgation. In other cwbodiments, a coding fag 18 joined
to a binding agent via affinity binding pairs {e.z., biotin snd streplaviding. In some cases, 4
coding tag may be joined to 3 binding agent to an unnatural amine scid, such as via & covalent

interaction with an vonahi Al arbine acid,

#1869} In some emboediments, a binding agent is jowed o s .coding tag via SpyCaicher-
H 5 5 p

SpyTag interaction. The SpyTag peptide forms an frveversible covalent bond 1o the SpyCatcher
protein via o spoitaneons isopeptide lnkage, thereby offering a gonetically encoded way to

3

, Proc. Natl,

)

create peptide intersctions that vesist foree and ¥ conditions {Fakeri et &, 29
reat tide interactions that ¢ force and harsh conditions kori ot &b, 201

X

Acad. Sci. 109:B850-697; List al,, 2014, J, Mol Biol 426:309-317). A binding agent may be

7

expressed as g fusion protein conaprising the SpyCatcher protoi. in some embodiments, the

SpyCatcher protein is sppended on the N-terminys or C-terminus of the binding agent. The

' EN

SpyTag peptide can be coupled to the coding tag using standard conjugation chemistries

{Biovonjugate Techoigues, G. T, Hermanson, Academic Press {2013}, In some embodiments,
an enzyme-based strategy it used to join the binding agent (o 2 coding tag. In one example, 2

OIS, €., S!'pyL’

rase, is used to join the binding agent 1o the coding tag (Fierer et al,, Proe

Nat Acad Sci U8 A, 2014 Apr I3 111(13) B1176-F1181)
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19178 in other embodiments, a binding agent is joined to a coding tag via SnoopTag-
SnoopCatcher peptide-protein interaction. The SnoopTag peptide forms an isopeptide bond
with the SnoopCatcher protein (Veggiani et al, Proc. Natl. Acad. Sei. USA, 2016, 113:1202-
1207). A binding agent may be expressed as a fusion protein comprising the SnoopCaicher
protein. In some embodiments, the SnoopCatcher protein is appended on the N-terminus or C-
terminus of the binding agent. The SnoopTag peptide can be coupled to the coding tag using
standard conjugaiton chemistries.

81713 In yet other embodiments, a binding agent is joined to a coding tag via the HaloTag®
protein fusion tag and His chemical iigamﬁ. HaloTag is & modified haloatkane debalogenase
designed to covalently bind to synthetic ligands (HaloTag ligands) (Los et al,, 2008, ACS Chem.
Biol. 3:373-382). The synthetic ligands comprise g chicroalkane Hnker attached fo a variety of
useful molecules. A covalent bond forms between the HaloTag and the chioroalkane Huoker that

is highly specific, oceurs rapidly under physiological conditions, and is essentially irreversible,

10172} It some cases, & binding agent is joined to 2 coding tag by attaching (conjugating)
using an enzyme, such as sortase-mediated labeling (See e.g., Antos et al,, Curr Protoc Protein
Sci. (2009} CHAPTER 15: Unit-15.3; International Patent Publication No.

WO2013003555), The sortase enzyme catalyzes a iranspeptidation reaction (See e.g., Falck ot
al, Antibodies {(2018) 7(4):1-19). In some aspects, the binding agent is modified with or

attached to one or morve N-terminal or C-terminal glycine residuss.

{8173} In some embodiments, a binding agent is joined to a coding tag using n~clamp-
mediated cysteine bioconjugation {See e.g., Zhang et al,, Nat Chem, (2016) 8(2):120-128}.
18174} It some enibodiments, the binding agent is Hoked, divectly or indirectly, toa
multimerization domain, Thus, monomeric, dimeric, and higher order {e.g., 3, 4, 5, or more}
maultimeric polypeptides comprising one or more binding agents are provided hereint. Insome
specific embodiments, the binding agent is dimeric. In some examples, two polypeptides of the

tavention can be covalently or non-covalently attached to each other to form a dimer.

{81781 In some embodimenis, analyzing the first order and/or the second {or higher order)

eanc»d recording tag also assesses the moiely tag.

8176 In some embodiments, the first order and/or the second {or higher order) extended
y X 2 K

recording tag comprises a polynucleotide, ez, DNA or RNA, and af least a partial sequence of
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s

the polynuclestide in the first order and/or the second {or higher order} extended recording tag 1s
assessed 1o assess the at least a partial sequence of polypeptide and/or the moiety, and/or to
assess the polypeptide tag and/or the mioiety tag. The polynuciectide sequence can be assessed
using any suitable techuiques or procedures. For example, the polynucieotide sequence can be
assessed using Maxam-Gilbert sequencing, a chain-termination method, shotgun sequencing,
bridge PCR, single-molecule real-time sequencing, ion semiconductor {ton torrent sequencing),
sequencing by synthesis, sequencing by ligation (SOLID sequencing), chain termination {Sanger
sequencing), massively parallel signatwre sequencing (MP85), polony sequencing, 454
pyrossuencing, Bhuming (Solexa) seguencing, DNA nanoball sequencing, beliseope single
molecule sequencing, single molecule real time (SMRT) sequencing, nanopore DNA
sequencing, tunnelling currents DNA sequencing, sequencing by hybridization, sequencing with
mass spectrometry, microfuidic Sanger sequencing, a microscopy-based technique, RNAP

sequenciag, or i vifre virus high-throughput sequencing.

{81771 The present methods can be used to assess any suitable type of spatial proximity
between a polypeptide and a moiety in a sample. In some embodiments, both the polypeptide
and the moiety are paris of a larger polypeptide. In some examples, the larger polypeptide has a
primary protein structure, and the polypeptide and the moiety are in spatial proximity in the
primary protein structure. In some examples, the larger polypeptide has a secondary, tertiary
and/or quaternary protein siructurels), and the polypeptide and the moiety are in spatial

proximity in the secondary, tertiary and/or quaternary protein struchure{s).

{6178} I other embodiments, the polypeptide and the moiety belong o two different
molecules. For example, the polvpeptide and the moiety can belong to two different proteins in
the same protein complex. In other examples, the moisty can be a part of a polynucleotide
molecule, e.g., 8 DNA or a RNA melecule, that is bound to, complexed with or in close
proximity with the pelypeptide in the sample. In these embodiments, the present methods can
he used to agsess any suitable type of spatial proximity between or among different molecules,
2.g., spatial proximity between or among different subunits in a protein complex, a protein-DNA

complex or 3 protein-RMA complex.

I Methods sf Proximily interaction Anslvsis Using s Pre-asseinbled Structure

{53791 In one aspect, the present disclosure provides 2 method for assessing identity and

spatial relationship between a polypeptide and & moiety in & sample, which method comprises:
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a} providing a pre-assembled structure comprising a shared unique modecule identifier (UMD
and/or barcode in the middie portion flanked by a polypeptide tag on one side and a moiety tag
on the other side; b) forming a linking structure between a gite of a polypeptide in a sample and
a site of a moiety in said sample by gssociating said polypeptide tag of said pre-assembled
structure to said site of said polypeptide and associating said moiety tag of said pre~-assembled
structure to said site of said moiety; ) breaking said Hnking structure via dissociating said
polypeptide from said moiety and dissociating said polypeptide tag from said moiety tag, while
maintaining association between said polypeptide and said polypeptide tag, and maintaining
asscciation between said moidety and said molety tag; and d) assessing said polypeptide tag and
af least a partial sequence of said polypeptide, and assessing said moiety tag and at least a partisl
identity of said moiety, wherein said assessed portions of said polypeptide tag and said moiety
tag comprise said shared unigue molecule identifier {UUMI} and/or barcode indicates that said site

of said polypeptide and said site of said moiety in said sample are in spatial proximity.

{61881 Any suitable molety can be used in the present methods. For example, the maiety
can be an aton, an inorganic moiety, an organic molety or a complex thereof. The organic
moiety can be an amino acid, a polypeptide, e.g., a peptide or a protein, a nucleoside, a
mucleotide, a polynucieotide, e.g., an oligonucleotide or a mucleic acid, 4 vitamin, a
monosaccharide, an oligosaccharide, » carbohydrate, 2 lipid and 2 complex thereof. Insoms
ernbodiments, the modety can comprise a polypeptide. In other embodiments, the moiety can

comprise a polynucleotide.

{6181}  Anysuitable polypeptide tag can be used in the present methods. For example, the
polypeptide tag can be an atom, an inorganic moiety, an organic moiety or a complex thereof
The organic moiety can be an amino acid, & polypeptide, 2.z, & peptide ova profein, a
nucleoside, a nuclestide, a polynuclectide, e g, an oligomueleotide or a nucleic acid, a vitamin, a
wmonosaccharide, an oligosaccharide, a carbohydrate, a lipid and a complex thereof. Tu some
embodiments, the polypeptide tag can comprise a polynucleotide.

{#182]  Any suitable moiety tag can be used in the present methods. For example, the moiety
tag can e an atom, an inorganic motety, an organic moiety or a complex thereof. The organic
moiety can be an amino acid, a polypeptide, e.g., a peptide or & protein, a pucleoside, a

micleotide, a polymuclectide, e.g., an oligonueleotide or a nucleic acid, a vitemin, a
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monosaccharids, an oligosaccharide, a carbobydeate, a lipid and a coraplex thereof In some
embodiments, the moiety tag can comprise a polynucieotide.

{0183}  Both the polypeptide tag and the mciely tag can comprise polymuclectides. In some
enhodiments, the polypeptide tag comprises a UMT and/or barcode. In some embodiments, the
moiety tag comprises a UMI and/or barcode. In some embodiments, the polypeptide tag
comprises a first polynucieotids and the moiety tag comprise a second polynuciestide, the first
and second palyrucieotides comprise a complementary sequence, and the polypeptide tag and
the moicty tag are associated via the complementary sequence.

{8184} Insome embodiments, the pre-assembled structure comprises one of mare barcodes
or one or more UMIs. In some examples, sach pre-assembled structiure comprises two barcodes.
In some examples, each pre-assembled stracture comprises two UMIs. In some embodiments,
the relationship or association of the two or more associated UMIS of each pre-assembly is
established. In some embodiments, two or more associated UMIs of the pre-assembled structure
is assessed {e.g., sequenced) o establish the relationship or association of the UMIs with each
other. Insome cases, the two or more UMls are synthesized as a pre-assembled struchwe. In
somie cases, the two or mors UMis are joined (directly or indivectly via 3 linker) to form & pre-
assembled structure. In some embodinents, a pre-asserbled struchire is joined to a polypsptide
andk a motety in proximity, such as by joining &8 DNA comprising one UMI of the pre-asserabled
structure to the polypeptide and 2 DNA comprising vne UM of the pre-assembled structure to
the moiety. In some cases, after joining of the pre-nssembled structure to the polypeptide and
the motety, the two or more UMIs of the pre-assembled structure are dissociated from each other
{while each UMI mainizins association with the polvpeptide or the molety). T some
embodiments, the relationship or association of the two or more associated UMIs of each pra-
assembled is establiched before disgociating the UMIs from each other. In some embodiments,
the assessing of the two or more associated UMIs is performed before disscciating the UMis
from each otber. In some embodiments, the methods inchides dissociating the two or more
UMIs of & pre-assembled structure and dissociating the polypeptide and the moiety.

§188]  In some embodiments, the pre-assembled structure comprises 4 cleavable or nickable

s

DNA strand {e.g. between a first UMY and 2 second UML For example, the pre-assembled
struchure may bave sme or more oracil bages thet can be nicked by wracil-specific exeigion

reagent {USER)
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{03186 o some embodiments, the pre~-asssmbled structure comprises complementary
~sequences of a UML In some embodiments, the pre-assembled structure comprises a single
stranded DNA, a double stranded DNA comples, a DMA duplex, or a DNA hairpin. In some
embodiments, the pre-assembled structure comprising & UM is synthesized or generated by
sxtension or ligation from a template LIMT sequence in the pre-assembied structure {6 generate

the complementary of the UMI sequence in the preassembied struchme.

{0187}  Insome embodiments, the methods provide a pre-assembled structure comprising a
DINA crosslinker comprising a UMI or a barcode for atiaching divectly or indirectly to the
polypeptide and the molety in proximity (Figure 4A-48). In some examples, a polvpeptide and
a moisety in proximity labeled with or attached to a DNA complex {e.g., DNA crosslinker) or
portion thereof, are dissociated from sach other, After dissociation of the polypeptide and the
moiety, the polypeptide maintains attachment to one strand of the DNA complex {e.g., DMA
crosslinker) comprising the UMY or barcode and the moilety mainiains attachment to an at least
partially complementary sirand of the DNA complex (e.g, DNA crosslinker) containing the
UMI or barcode (Figuwre SA-5C). In some embodimsnts, the DNA complex {e.g, DNA
crosslinker {or portion thereof}) is attached directly or indivectly (e g. to 2 nucleic acid sitached)

10 the polypeptide and the moiety viz enzymatic {e.g. ligation) or chemical methods.

{BI88]  Inthe Unking strocture, the polypeptide tag and the moiety tag can be associated in
ary suitable manner. In some embodiments, in the Hinking structurs, the polypeptide tag and the
moiety tag can be associated stably. In other embodiments, in the Huking structore, the
polypeptide tag and the moiety tag can be associated frausiently, The association between the
polypeptide tag and the molety tag can vary over time or over performance of the present
methods. In still other embodiments, in the linking struchure, the polypeptide tag and the molety
tag can be associated direcily. In yet other embodiments, in the linking structure, the
polypeptide tag and the molety tag can be associated indirectly, e.g., via a linker or UMI
between the polypeptide tag and the moisty tag. In some embodiments, the linking structure is
formed by associating the polypeptide tag of said pre-assembled structure {e.g., DNA
crosstinier) to a site of 3 polypeptide and associating the molety tag of said pre-assembled
structure to a site of the moiety.

{8189 In forming the Hnking structure, any suitable mumber of the polypeptide tag(s) can be

associated with a suitable number of site(s) of the polypeptide. For example, in forming the
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8192 The polypeptide tag and the molety tag can be dissocisted from each other using any
suitable techmiquies or provedures. For example, if the polypeptide tag and the molety tag are
aseociated with ench other via polypeptide-polypeptide, polypeptide-polynucicotide o
polymuclestide-polynucleatide interaction, the polypeptide tag and the moiety tag can be
dissoviated from each other using any techniques or procedures suitable for breaking such
polvpeptide-potypeptide, polypeptide-polynucicotide or polynucleotide~-polynucientide
fnteraction. In some embodiments, i the linking strocture, the shared UMI and/or bargode
comprises 4 complementary polynuciestide hybrid, and dissociating the polypeptide tag from

the modety tag comprises denatoring the conplementary polymveleotide hybrid

LR The polypeptide and the moiaty can be dissotiated from each other using any suiable
technigues or procedures. For example, if the polypepiide and the moilety are associated with

h other via polypeptide-polypeptide or polypeptide-polynucieotide interaction, the
poiypesptisie and the modety can be dissociated from each other using any techniques or
procedures suitabie for breaking such polypeptide-polypeptide or polypeptide-polynuclectide
inferaction. In some smbodimenis, both the polypeptide and the molety are parts of a farger
polypeptide, and dissociating the polypeptide from the moisty comprises fragmenting the larger
polypeptide into peptide fragments, The larger polypeptide can be fagmented using any
suitable techniques or procedures. For example, the larger polypeptide can be fragmented into
peptide fragrments by a protease digestion. Any suitable protease can be used. For example, the
protease can be an exopeptidase such ag an aminopsptidase or a carboxypeptidase. In another
example, the protease can be an endopeptidase or endoproteinase such as trypsin, LysC, LysN,
ArgC, chymotrypsin, pepsin, thermolysin, papatn, or elastase, (Sve e.g., Switzar, Gilera et gl
20135
{3194] The present methods can be used for sssessing identity and spatial relotionship
between a polypeptide and a molety in a sample, regardless whether the polypeptide and the
moiety belong to the same molscule or not. For example, the target polypeptide and the moiety
can helong to two different molecules. In another example, the target polypeptide and the

moiety can be parts of the same moleculs.

101951  Insome embodiments, the target polypeptide is a part of a larger polypeptide and the
moiety is also part of the same larger polypeptide. The medety cancbe any suitable substance or

a complex thereof. For example, the motety can comprise an amino acid or a polypeptide. The

~~t
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moiety amine acid or polypeptide can comprise one or raore modified amine acid(s).
Exemplary modifisd amino acid(s) includes a glycosylated amino acid, a phosphorylated amuna
acid, 2 methylated arnino acid, an scylated amino acid, a hydroxyproline or a sulfated amino
acid. The glycosylated amin acid can comprise a N-linked or an O-laked glycosyl motety.
The phosphorylated amino acid can be phosphotyrosine, phosphoserine or phosphothreonine.
The acylated antdno acid can comprise a farnesyl, a myristoyl, ot a palmitoy! moiety. The

sulfated amino acid can be a sulfotyrosing or a part of a disulfide bond.

{5196 I other embodiments, the molety can be a part of & moleculs thet is bound to,
conplexed with or in close proximity with the polypeptide in the sampls. The moiety can be
any suitable substance or a complex thereof. For example, the molety can be an atom, an amino
acid, a polypeptide, a nuclecside, a nuclectide, a polynuclectide, a vitamin, a moundsaccharide,
an oligosaccharide, a carhohydrate, a lpid or a complex thereof. In specific embodiments, the
moisty comprises an amino acid or a polypeptide. The modety amino acid or polypeptide can
comprise one or more modified amino acid(s). Exemplary modified amino acid(s} includes a
glycosylated amine acid, a phosphorylated amino acid, a methylated amino acid, an acylated
amino acid, a hydroxyproline or a sulfated amine acid. The glycosylated amino acid can
comprise a N-linked or an O-linked glycosyl moiety. The phosphorylated amine acid can be
phosphotyrosine, phosphoserine or phosphothreonine. The acylated amino acid can comprise a
farnesyl, a miyristoyl, or a palmitoyl molety. The sulfated amino acid can be a salfotyrosine or a

part of 3 disulfide bond,

{0197} In soine embodiments, the polypeptide and the molety can belong to tvo different
proteins in the same protein complex. In other embodiments, the molety can be a part of a
polymicieotide molscule, e.g., 8 DNA or a RMNA molecule, that is bound to, complexed with or

in close proximity with the polypeptide in the sample.

{0198  The polypeptide tag, the molety tag, at loast a partial sequence of the polypeptide,
and/or at least a partial identity of the moiety can be assessed using any suilable technigues or
procedures. For example, if the polypeptide tag, the molety and/or the moiety tag comprises a
polypeptide and/or a polynuclestide, any suitable techniques or procedurss for assessing identity
or sequence of a polypeptide and/or a polynucieotide can be used. Similarly, any suitable
techniques or procedures for assessing a polypeptide can be used to assess at least a partial

sequence of the polypeptide.
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{§199; In some embodiments, the polvpeptide wsr and/or the molely tag comprises a
polypeptide(s), the polypeptide tag and/or the moisty tag can be assessed using a binding assay,
e.g., an Inmwnoassay. Exemplary inmmuncassays include an enzyvme-lnked invouncsorbent
assay {ELISA), mumunoblotting, nmunoprecipitation, radiolmmunosssay (RIA),
immunostaining, latex sgghtination, mdivect homagglutination assay (THA), complement

rface

4oy

fixation, indirect inmuonofluorescent assay (IFA), nephelometry, fow eytometry assay, su

2y

plasmon resonance {SPR), chemitwminescence assay, lateral Sow immunocassay, wcapture

assay, inhibition assay and avidity assay.

C; -

{288 Insome embodiments, the polypeptide tag and/or the moisty tag comprises a

polymuclectide, eg., DNA or RNA. Before or concurrently with the assessiment, polysuclectide

- s

can be amplified, The polynucleotids in the polypeptide tag andfor the molety tag van be

3

- any suitsble technigues or procedures. For example, the polynucleotide can be

soiplified using a procedure of polymerase chain reaction (PUR), strand displacerment
amplification (SDA), transeription mediated armplification (TMA), Ligase chain reaction (LLR),
miclefe aoid sequence based anoplification (NASBA), primer extension, rolling circle

fde X n

aophification ¢ RCA};g setf-sustained sequence replication (38R}, or loop-mediated isothermal

amplification {LAM]

HA0Y] At least a partial sequsnce of the polypeptide or at least a partial identity of the
moiety can be assessed using any suitable techuigues or procedures. I the moiety comprises

polypeptide, at least g partisl sequence of the both of the polvpeptide and the molety can be

N

techniques or procedures. For example, at least

T

assessed by any sutable polypeptide sequencing §
at se

a partial sequence of the both of the polypeptide and the molety can be assessed by N-tevminal

araine aoid a.rzai;‘vfsiss C-terminal amino acid aoalysis, the Edman degradation, and identification

the

by mass spectrometry. In another example, at least a pavtial sequence of both of the polypeptide

et

and the madiety can be assussed by the technig cedures disclosed and/or clafmed in ULS.
Provisional Patent Application Nos. 82/330,841, #2/338.071, 62/374,588, 62/579 844,

£2/582,312, 62/5%3&48, S/STEET0, 62/574. 840, and /582,916, and International Patent

m
o
o
“

T
f‘}

Apphication No, PCT/US2G17/030702, pubiisimd as WO 2017/192633 Al For example, any
techniques or procedures for assessing a macromolecule {e.g 8 polypeptide) provided herein,
e.g., deseribed m Section §, can be used to assess at least a partial sequence of the polypeptide or

at least & partial identity of the moiety,
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{6202]  Insome embodiments, the at least a partial sequence of the polypeptide is assessed
using a procedure comprising: al) providing the polypeptide and the associated polypeptide tag
that serves as a recording tag; b1} contacting the polypeptide with a first binding agent capabie
of binding to the polypeptide, wherein the first binding agent comprises a first coding tag with
identifying information regarding the first binding agent; ¢1} transferring the information of the
first coding tag to the recording tag to generate a first order extended recording tag; and 1)
analyzing the first order extended recording tag. The step al) can comprise providing the
polypeptide and an agsociated polypeptide tag joined to a solid support. The methed can further
comprise contacting the polypeptide with a second {or bigher order} binding agent comnprising a
second {or higher order} binding portion capable of binding to the polypeptide and a coding tag
with identifying information regarding the second {or higher order) binding agent, transferring
the information of the second {or higher order) coding tag to the first order extended recording
tag to generste a second order {or higher order} extended recording tag, and analyzing the

second order {or higher order) extended recording tag.

{82831  Insome embodimernts, the at least a partial sequence of the polypeptide is assessed
using a procedure comprising: al) providing the polypeptide and the associated polypeptide tag
that serves as a recording tag; b1} contacting the polypeptide with a first binding agent capable
of binding to the N-terminal amino acid (NTAA) of the polypeptide, wherein the first binding
agent comprises a first coding tag with identifving information regarding the fvst binding agent;
¢} transferring the information of the first coding tag o the recording tag to generate an
extended recording tag; and d1) analyzing the extended recording tag. The method can further
comprise providing the polypeptide and ab associated polypeptide tag joined to a solid support.
The method can further comprize contacting the targst polypeptide with a second {or higher
order) binding agent comprising 2 second {or higher order) coding tag with identifying
mformation regarding the second {or higher order) binding agent, wherein the second {or higher
order) binding agent is capable of binding to a NTAA other than the NTAA of the polypeptide.
The contact between the polypeptide with the second {or higher order) bindimg agent can be
conducted in any suitable manner. For example, contacting the polypeptide with the second (or
higher order) binding agent can occur in sequential order following the polypeptide being
contacted with the first binding agent. In another example, contacting the polypeptide with the
second {or higher order) binding agent can occur simubianecusly with the polypeptide being

contacted with the first binding agent.

-3
e



WO 2020/051162 PCT/US2019/049404

{0284}  Insome embodiments, the at least a partial sequence of the polypeptide is assessed
using & procedure comprising: al) providing the polypeptide and the associated polypeptide ag
that serves as a recording tag; b1} contacting the polypeptide with a first binding agent capable
of binding to the N-terminal amino acid (NTAA) of the polypeptide, wherein the first binding
agent comprises a first coding tag with identifying information regarding the first binding
agent;cl) ransferring the information of the first coding tag to the recording tag to generate a
first order extended recording tag; d1) removing the NTAA to expose a new NTAA of the target
polypeptide; el} contacting the polypeptide with a second (or higher order) binding agent
comprising a second {or higher order) coding fag with identifying information regarding the
second {or higher order) binding agent, wherein the second {or higher order) binding agent is
capable of binding to the new NTAA, wherein the second (or higher order) binding agent
comprises a second coding tag with identifving information regarding the second (or higher
order) binding agent; 1} transferring the information of the second {or higher order} coding tag
to the first extended recording tag to generate a second ordsr {or higher order) extended
recording tag: and g1} analyzing the second order (or higher order) extended recording tag. The
steps d1}-g1) can be repeated one or more times. The method can further comprise providing

the polypeptide and the associated polypeptide tag joined to a solid support.

{B285} In some embodiments, the at least a partial sequence of the polypeptide is assessed
using a procedure comprising: al} providing the polypeptide and the associated polypeptide tag
that serves as a recording tag; bl ) modifying the N-terminal amino acid (NTAA) of the
polypeptide, e.g., with a chemical agent; ¢1) contacting the polypeptide with a first binding
agent capable of binding to the modified NTAA, wherein the first binding agent comprises a
first coding tag with identifying information regarding the first binding agent; 1) transferring
the information of the first coding tag to the recording tag to generate 2 first order sxtended
recording tag; and el) analyzing the first order extended recording tag. The step al) can
comprise providing the polypeptide and the associated polypeptide tag joined to a solid support.
The method can further comprise contacting the polypeptide with a second (or kigher order)
binding agent comprising a second {or higher order) coding tag with identifying information
regarding the second {or higher order) binding agent, wherein the second (or higher order)
binding agent is capable of binding to a modified NTAA other than the modified NTAA of step
bl). The contact between the polypeptide and the second (or higher order) binding agent can be

conducted in any suitable manner. For example, contacting the polypsptide with the second (or

75
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higher order) binding agent can oceour in sequential order following the target polypeptide being
contacted with the first binding agent. In another example, contacting the polypeptide with the
second {or higher order) binding agent can occur sumultansously with the polypeptide being

contacted with the first binding sgent.

{0286} In some embodiments, analyzing the first order and/or the sgcond {(or higher order)

extended recording tag also assesses the polypeptide tag.

6287 in some embodirnents, the molety comprises a molety polypepiide, and at least a
partial identity or sequence of the moiety can be assessed using a procedure comprising: a2)
providing the moiety polypeptide and the associated moiety tag that serves as a recording tag;
b2} contacting the moiety polypeptide with a first binding agent capable of binding to the moiety
polypeptide, wherein the first binding agent comprises a first coding tag with identifying
information regarding the first binding agent; ¢2) transferring the information of the first voding
tag to the recording tag to generate a first order extended recording tag; and d2) analyzing the
first order extended recording tag. The method can further comprise contacting the moiety
polypeptide with a second {or higher order) binding agent comprising a second {or higher arder)
binding portion capable of binding to the moiety polypeptide and a coding tag with identifying
information regarding the second {or higher order) binding agent, transferring the information of
the second {or higher order) coding tag to the first order extended recording fag to generate a
second order {or higher order) extended recording tag, and analyzing the second order {or higher

order) extended recording tag.

{B208] in some embodiments, the at least a partial sequence of the molety polypeptide is
assessed using a procedore comprising: 42} p:mvid‘iag the moisty polypeptide and the asseciated
mofety tag that serves as a recording tag; b2} contacting the moiety polypeptide with a first
binding agent capable of binding to the N-terminal amino acid (NTAA) of the molety
polypeptide, wherein the first binding agent comprises a first coding tag with identifying
information regarding the first binding agent; ¢2) wransforring the information of the first coding
tag 10 the recarding iag to generate an extended recording tag; and d2) analyzing the extended
recording tag. The method can further comprise providing the moiety polypeptide and an
associated moiety tag joined to a solid support. The method can further comprise contacting the
moiety polypeptide with a second {or higher order) binding agent comprising z second {or

higher order) coding tag with identifving information regarding the second (or higher order)
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binding agent, wherein the second (or higher order) binding agent is capable of binding to a
NTAA other tharn the NTAA of the polypeptide. The contact between the moiety polypeptide
with the second {or higher order) binding sgent can e conducied in any suitable manner, For
example, contacting the moiety polvpeptide with the second {or higher order binding agent can
occur i sequential order following the molety polypeptide being contacted with the first binding
agent. In another example, contacting the moisty polypeptide with the second {or bigher order)
hinding agent can ocour simuttancously with the moiety polypeptide being contacted with the

first binding agent.

{6289] In some embodiments, the at least a partial sequence of the molety pcij?peptide is
assessed using a procedure comprising: a2} providing the meiety polypeptide and the associated
moiety g that serves as a reconding tag; b2} contacting the mwisty polypeptide with a first
binding agent capable of binding to the N-terminal aming acid (INTA A} of the miviety
polypeptide, wherein the first binding agent comprises a first coding tag with identifying
information regarding the first binding agent; ¢2) ransferving the information of the first coding

tag to the recording tag to generate a first order extended recarding tag; 42) removing the NTAA

Py

v expoge 8 new NTAA of the molety polypeptide; o2} contacting the molety polypepiide with a
second {or higher order) binding agent comprising a second {or higher order} coding tag with
identifving mformation regardiug the second {or higher 0rdez{;\binding agent, wherein the sscond
{or higher order) binding agent is capable of binding to the new NTAA, wherein the second {or
higher order) binding agent comprises & second coding tag with identifying information
regarding the second {or higher order) binding agent; 2) transferving the information of the
second {or higher order} coding tag to the first extended recording tag to generate a second order
{or higher ordery extended recording tag; and g2) analyzing the sscond order (or higher order)

extended recording tag, The steps dZ2}-g2) can be repeated one or muore times. The method can

o

urther comprise providing the motety polypeptide and the associated modety tag joined toa

o

solid support.

REREELT Insome exbodiments, the at least a partial sequence of the molety polypeptide is
assessed using a procedure comprising: 82} providing the moiety polypeptide and the assoeiated

} modifying the N-terminal amaino acid (NTAA) of

moiety tag that serves as a recording tag; b2}
the moiety polypeptide, e.g., with a chernjeal sgent; ¢2) contacting the motely polypeptide with

a first binding agent capable of binding to the modified NTAA, wherein the {irst binding agent

~4
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compprises g fiest coding tag with dentifving infonmation regarding the frst hinding agent; 42}
transfarring the information of the finst coding tag o the racovding tag to generate a Hrst order
extended recording tag; and ¢2) snalyzing the firat order extended recording tag. The step a2}
can comprise providing the motetly polypeptide and the associated molety tag joined 1o a solid
support, The maethod can further cornprise contacting the molety polypsptide with a second (or
higher order) binding sgent comprising 2 second {or higher order) coding tag with iderdifying
nformation regarding the sscond (or higher order) binding sgent, whereln the second (or higher
order) binding agent is capable of binding to a modified NTAA other than the modified NTAA
of step b3 The contact between the metety polypeptide and the second (or higher order)
binding agent can be vonducied in any suiteble manuer, For example, contacting the owisty
potypeptide with the second {or higher order) binding agent can cccur in sequential order
following the motety polvpeptide heing contacted with the firet binding agent. In another
exarople, contacting the mwiety polypeptide with the second {or higher order) binding agent can

vevur simsHaneously with the moiely polypeptide being cordacted with the frgt binding agent.

331} In some amvhodiments, analyzing the

oo

first order and/or the second {or higher orden}

extended recording tng also assesses the moiely tag,

HIER2) in some emmbodiments, the frst ovder and/or the second {or higher order) extended
recording tag comprises a polynuciectide, e g, DNA or RNA, and at jeast g partial sequence of
the polymucieotide in the fivat order andfor the secoond {or higher order) extendded vecording tag s
assessed to assess the at least a partial sequence of polypeptide and/or the moiety, and/or to
assess the polypeptide tag andfor the moiety g, The polynockeotids sequence can be assessed
using any suitable fechmiques or procedures. For exaraple, the polynucleotide sequence can be
asseased using Maxame-Gilbert seguenciag, & chatn-termination method, shotgen sequencing,

bridga PCR, single-molecule real-time sequencing, ion semicondector (ion torrent sequancing),

ped

Y

sequensing by symhesis, sequenciag by Hgation (SOLID sequencing), chain termination {Sanger

C.‘

sequencing), miassively parallel signature sequencing (MPSS), polony sequencing, 484
pyrosequencing, Homing {Sclexa) sequencing, DNA nanchall sequencing, heliscops single
molecude sequencing, single molecude real tme (SMRT) sequencing, nanopore BNA
sgguencing, tunneiling vwrends DNA sequencing, seguencing by lybridization, sequencing with
mass specirometry, micvofhndic Sanger sequencing, a microscopy-based technique, RNAP

sequencing, or i vifro vivus high-throughput sequensing,
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1$213]  The present methods can use to assess any suitable type of spatial proximity between

& polypeptide snd 2 modety in & sarple. In some embodiments, both the polypeptide and the
molety are parts of 8 larger polypeptide. In some exaraples, the larger polypeptide has g primary
protein structure, and the polvpeptide and the moiety are in spatia igm\n nity in the primary
protein strocture. In some :exsampies, the larger polvpeptide has 8 secondary, tertiary and/or
guaternary protein structursls), and the polypeptide and the molety are in spatial proximity in the
secondary, tertiary and/or quatetnary protetn structure(s}. In other embodiments, the
polvpeptide and the moiety belong to two different molecules. For example, the polypeptide
and the motety can belong o two different proteins in the same profein complex. In other
examples, the mwisty van be a part of a polynucieotide moleeule, eg, s DNA or a RNA
maoieonte, that i bound to, complexed with or It close proximity with the polypeptide in the

Sar npia In these embodiments, the present methods can use {6 assess any suitable type of apatial
proximity betwesn or among different raclecules, e.g., spatial proximity between or among

different subunits in & protein complex, a protein-DINA complex or s protein-BNA complex.

i, Uses of the Present Motheds

2

a&ﬁi&ﬁ The present methods can be used for any suitable purpoese. In some embodiments,

¢ present methods can he used to assess spatial relationship between a single polypeptide and &
single molety i a sanple. In other smbodiments, the present methods can be used to assess
spatial relationship between or among a single polypeptide and a plurality of modetiss in a

spatial

7/1

sample. Tn stil] other embodiments, the present methods can be used to assess

-

relationship between or among # phsality of po

X

o

amiple.
{238} Insome embodiments, both the polypeptide and the moiety belong to the same

o : -

resent masthods are used to identify and/or assess Interaction befween the

,.
o
&
e
oo
e
el
[
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potyoeptide and the nmie:—&iy i the same mm@c&ig, For example, the molety can be a molety
surinn aoid or a molety polypseptide in the same protein of the polypeptide, and the present
methods are used o dentify and/or sssess interaction between the polypeptide and the motety
amins aoid or molety polypeptids 1o the protein. In ancther exanple, the prosent methods are
ased to identify and/or assess interaction regions ot domains in the same protein. In still another

sxample, the molety is & modifisd molety amino acid or & modified moiety polypeptide, and the

present methods are used to idensify and/or assess interaction betwoen the polypeptide and the
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modified molety amine acid or the medified motety polypeptide in the protein. In some
embodiments, both the polypeptide and the motety are parts of 4 larger polypeptide and the
polypeptide and the moiety are in spatial proximity in the secondary, tertiary and/or quaternary
protein steuctureis).

@218} Insome embodiments, the present methods can further comprise preserving the
structure of a target melecule, ey, by crose-linking, before analysis. For exanmple, the targ
molecule can be a target protein, and the present methods can further comprise preserving the
structure of the target protein, e.g, by cross-Hinking, before analysis. In such examples, the

present methods can be used to wentify and/or assess disalfide bond{s} in the target protein.

9217} In some embodiments, the moicty belongs to a molecule that is bound, complexed
with i close proximity with a target protein that comprises the target pelypeptide, and the
present methods are used to identify and/or assess interaction between the target protein and the
molecule that is bound to, complexed with or in close proximity with the rget protein ina
sample. For example, the moiety can be a molety amino acid or  moiety polypeptide ina
motety protein that is bousd to, complexed with or in close proximity with a target protein that
comprises the target polypeptide, and the present rethods arve used to identify and/or assess
intersction betwesn the target profein and the miotety protein in a sample. In another example,
the present roethods are used to jdentify and/or assess infersotion regions or domains in the
target protein and the moisty protein that is bound to, complexed with or in close proximity with
the target protein, e.g., to identify and/or aseess interaction regions or domains involved in
protein subanit binding or complexing, or protem-ligand binding or complexing. In stifl ancther
example, the present methods are used to assess u probubility whether two or more polypeptide

1,

segions or domadne belong to the aame protein, the same prolein binding pair or the same protein

commplex.

162 }8§ insome embodhments, the assessing of at least a partisl sequence of the polypeptide
and at Teast partial identity of the meiety §s perforaed separately from Torming the loking
siruchire between the polypeptide and motety. For example, the assessing of at least a partial
sequence of the poi}pep’tida and at least partial identity of the motety is performed afier foroung
a Hoking structure between the polypeptide and the motety and after the ransferting of
wformation between the polypeptide tag and the moiety tag to form a shared unigue molecule

identifier and/or barcode. In some examples, the avsessing of at least a partial sequenes of the

B8
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polypeptide and at least partial ideotity of the moiety is performed after the polypeptids is
dissociated from the moiety. In some aspects, the assessing of at feast a partial sequence of the
polypeptide and at least partial identity of the moiety s performed after the polypeptide {with
the associated polypeptide tag) is umobilized on a support, and after the motety (with the
associated molety tag} is immaobilized on a solid support. In some of any such embodiments, the
assessing of at least a partial sequence of the polypeptide and at least partial identity of the
moisty includes contacting the polypeptide and moiety with one or maore binding agents. In
some examples, the contacting of the polypeptide and motety with one or more binding agents is
performed: after forming a Bnkiug structure between the polypeptide and the moiety and after
the trangferring of information between the polypeptide tag and the molety tag to form a shared
unique molecule identifier and/or barcode; after the polypeptide ia dissociated from the moiety;
after the polypeptide (with the associated polypeptide tag) is immobilized on a suppert and after

the moiety {(with the associated moiety tag) is immobilized on a solid support.

16219 In some embodiments, the present methods further comprise a physical partitioning
step, e.g., partitioning by ermudsions or other physical partitioning technigues. In some

embodiments, the present methods do ot comprise a physical pactitioning step.

{6228 In some embodiments, the present methods further comprise limiting the mumber of
proteins, e.g., an average number of proteins, in the analysis. The murmber of proteins in the
analysis can be limited by any suitable technique or procedurs. For example, the number of
proteins cad be limited by dilution. In another xample, the mrmbier of proteius can be
limited by binding the proteins o 2 solid support such as beads. In some embodiments, the
immobilization of the pairwise or interacting polypeptide and molety on a solid support is
performed to achieve the desired sampling. In some cases, the iramobilization of the
polypeptide and the moiety is performed to increase the likelthood that both the polypeptide and
moiety are immobilized on the same solid support. In some examples, either the polypeptide
or moiety {and its associated tag} is immobilized on a solid suppott, then the polypeptide is
dissociated from the moiety, and the other of the polypeptide or moiety is mumobilized on the

same solid support (e.g., same bead),

{8221}  Insome cmbodiments, the present methods ean be used to analyze a protein in s
native conformation. In some embodiments, the forming of g linking structure between o

polypeptide and & moiaty are performed on a polypeptide and a moiety in 3 sample that is

81
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mferacting or iv apatial proximity while esch maintaing its secondary, tertiary andior quaternary
protein structare(s}. In other embodiments, the present methods can be used to analyze a

denatured or renatured protein.

{8223 1o some embodiments, the present methods can be used to analyze 2 proteome, eg.,
an entire proteome.  The proteome can be a proteoms of & virs, a viral faction, a celinlar

fraction, a cellular arganelle, 2 vell, a tissue, an organ, an organisg, of & biological sample.

G223} The present methods can be uead to assess spatial relationship between a polyper ﬂt ide

e

and a muoiety in any suitable sample. In some embodirents, the present methods can be used to

assess spatiad relationship between a target polyvpeptide and a motety in g biological sample, e.g.,

8 blood, plisima, seram of urine sample.

18234} In some embodiments, the present methods can be conducted homogeneously, e g,
in a solution, In some embodiments, the present methods can be conducted helerogensously,

e.g, it a suspension.

IV, Kits and Articles of Manufaciure for Assessing Sgaiira? Relationshin

{0225} Provided hersin are kits for assessing spatial relationship between one or nors
potypeptides and vne or more modeties in g sample ncluding vsing any of the meibods provided
heretn. I one sspect, the kit further comprises instrctions describing a methad for assessing a
sample using the methods provided herefn. In some embodiment, provided berais are a kit and
componenis for use in a4 method for analysing a macromolecule, the method comprising: a)
forming 2 Hnbing structure between g site of 1 polypeptide in 3 sample and @ site of a motety in
said sample, ssud Hoking structare comprising a polypeptide {ag associated with said site of said
polypeptids and 3 moiely tag sssociated with said site of said motety, wherein said polvpeptide
tag and said moiety tag are sssociated; b} tansferring information between said assoclated
polypeptide tag and said moilety tag or ligating said associated polypeptide tag and said moie
tag o form a shaved unique molecule identifier (UM and/or barcode; ©) breaking ssid linking
strueture via dissociating said polypeptide fom said moilety and dissociatiog said polypeptide
tag from said mokely tag, while maintainiog association betwesn said polypeptide and said
polypeptide tag, and maiptaining association between said moiety and said modety tag; and &)
assessing said polypeptide tag and at least & partial sequence of said polypeptide, snd assessing
said moisty teg and at least a partial identity of said molety, wherein said assessed portions of

said polypeptide tag and said modely tag comprise ssud shared vrigue melecule wentifier (IME)

X
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and/or barcode indicates that said site of said polypeptide and said site of said moiety in said

sample are in spatial proximity.

{92261 In some embodiment, provided berein are a kit and components for use 1 a method
for assessing identity and spatial relationship between a polypeptide and a moiety, the method
comprising: a} forming a linking structurs between a site of a polypeptide in a sample and a site
of a moisty in said sample, said linking structure comprising a polypeptide tag associated with
said site of said polypeptide snd a molety tag assoctated with said site of said moiety, wherein
said polypeptide tag and said moiety tag ave sssociated; b} transferring information between said
associated polypeptide tag and said moiety tag to form a shared unigue molecule identifier
(UMY} and/or barcode, wherein the shared UMY and/or barcode is formed as a sepavate record
polynucleotide; o) breaking said linking structure via dissociating said polypeptide from said
moiety and dissociating said polypeptide tag from said molety tag, while maintaining association
between said polypeptide and said polypeptide tag, and maintaining association between said
moiety and said moiety tag; d} assessing said polypeptide tag and at least & partial sequence of
said polypeptide, and assessing said moiety tag and at least a partial identity of said moiety; and
e} assassing said separate record polynucieotide to establish the spatial relationship between the

site of the polvpeptide and the site of the moiety.

{0aR7 In some embodiments, provided herein are a kit and components for use in a method
for providing a pre-assembled structure comprising a shared unigue molecule identifier (UME)
and/or barcode in the middle portion flanked by a polypeptide tag on one side and a moiety tag
on the other side; b} forming a linking structore between a site of a polypeptide in a sample and
a site of 2 moiety in said sample by associating said polypeptide tag of said pre-assembled
structure to said site of said polvpeptide and associating said moiety tag of said pre-assembled
structure 1o said site of said moiety; ¢} breaking said linking structure via dissociating said
polypeptide from said moiety and dissociating said polypeptide tag froos said moiety tag, while
maintaining association between said polypeptide and said polygeptide tag, and maintaining
association between said molety and said molety tag; and 4} assessing said polypeptide tag and

t least a partial sequence of said polypeptide, and assessing said motety tag and at least a partial
identity of said moiety, whersin said assessed portions of said polypeptide tag and said moiety
tag comprise said shared unigue molecule identifier (UMY} and/or barcode indicates that said site

of said polypeptide and said site of said molety in said sample are in spatial proximity.
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{B22S) In some embodiments, the kits provided herein include components for performing
the methods for assessing spatial interaction and/or relationship, reaction mixture compositions

that comprise the components as well as to kits for constructing such reaction mixtures.

#2287 Insomew 1‘#@(3&&@3315 the kit comprises cne or more polypeptide tags and one or
wore moiety tags; reagents for forming a linking structure between a polypeptide and & moiety
in & sample; and reagents for assessing the identity of the molety and at least a partial sequencs
of the polypeptide. In some erabodiments, the kit further corprises instruections for assessing
identity and spatial relationship between & polypeptide. In some embodiments, the kit comprises
instructions for preparing the sample. In some embodiments, the kit comprises components, such

as polypepiides and polynucleotides as described in section [ and L

{02361 Insome embodiments, the kit comprises one or more polypeptide tags and one or
more moiety tags; reagents for forming a Haking structire betwesn a polypeptide and a moiety
i & sample, wherein the linking structure is forrned as g separate record polynucieotide; and
reagents for assessing the dentity of the molety and st least a partial sequence of the

polypeptide. In some of any of the provided embeodiments, the kit fimther comprises reagents for

analyzing the separate record pelynuclectide.

152311 In some of any of the provided embodiments, the kit further comprises one or more
reagents for ligation {e.g., an enzymatic or chemical Hgation, a sphint ligation, a sticky end
ligation, a single-strand (s5) ligation such a5 a ssDNA Hgation, or any combination thereod}, or g
polymerase~-modiated reaction {e.g, primer extension of single-stranded nucleic acid or double-
stranded mucleic acid), or any combination thereot. In some embodiments, the Hgation reagent is
a chemical ligation reagent or a biological Higation reagent, for exempile, & ligase, suchas a DNA
ligase or RNA ligase for ligating single-stranded nuciele acid or double-stranded nuclete acid, or
{11} a reagent for primer extension of single-stranded nucleic scid or double-stranded nucleic
acid, optionally wheretn the kit firther comprises a ligation reagent cemprising at least two
Yigases or variants thereof (e.gz., at least two DNA lizases, or at Jeast two RNA Ygases, or at least
one DNA ligase and at least one RNA lipase), wherein the af least two ligases or variants thereof
comprises an adenylated ligase and a constitutively non-adenylated ligase, or optionally wherein

the kif further comprises a ligation reagent comprising a8 DNA or RNA ligase and a DNA/RNA

deadenylase.
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- kit comiprises reagents Tor assessing the identity of the

moiety and at least g partial sequence of the polypeptide. In somne cases, the kil comprises &

e

Hbrary of binding agents, whevein each binding agend comprises a binding moiety and a coding

polymer comprising identifying information regarding the b yinding moiely. Insome
smbodiments, the binding moiety is capable of binding to one ov muore N-termingl, intermal, or
C-terming! amine acids of the fragment, or capable of binding o the one or more N-terminal

nternal, or C-erminal amine acids modified by a functionalizing reagent.

{82331 Insome embodiments, the kit conmprises reagents for providing a polypeptide

&
srfart

associated directly or indivectly with a mivgw\,pud tag and for providing a naniety assoeiated

directly or indivectly with & moiety tag; a reagent for fanctionalizing the N-terminal amino acid
o P > )

R & pist

(N ‘.»“&z"&,, of the polypeptide; a firet binding agent comprising a frst binding portion capable of
binding to the functionalized NTAA and a first coding tag with identifying information

regarding the fivst binding agent, or a first detectable label: and a reagent fur fransferring
information of the first coding tag o the recording tag to generate an extended recording tag. In

ne erabodiments, the kit further comprises a reagent for analyzing the extended recording tag

-

A

w o reagent for detecting the first detectable label

{2341 Yo some embodiments, the kit additionally comprises a reagent for sliminating the
functionalized NTAA o expose a new NTAA. Any suitable removing reagent can be used. In
some embodiments, the removed aming acid is an sodne acid modified using any of the

s provided herein. For example, the reagent may comprise an enzymatic or
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chemical reagent to remove one or more ferminal aming acid, For example, In some cases, the

>

reagent for eliminating the functionalized NTAA i a carboxypeptidase, aminopeptidase, or

£

ipeptidyl peptidase, dipeptidyl sminopeptidase, or variant, mutant, or modified protein thereof]
7 hydrolase or variant, nutant, or modified profein thereof, mild Edman degradation; Bdmanase
enzyine; TEA, o base; or any combination thereof. In some cases, the removing reagent
comprises trifluoroacetic acid or hydrochlovie acid. In some examples, the removing reagent
comprises govipeptide hydrolase (APRH}. In some embodiments, the vemoving reagent includes

& eay E‘sxvpemida& or an aminopeptidase or a variant, mutans, or modified prolein thereot] a
hydrolase or a variand, mutand, or modified protein thereof, a mild Edman degradation reagent;
an BEdmanase enzyms; anbydrous TFA, a base; or any combination thereof. In some

svbodiments, the mild Bdman degradation uses a < (‘hmm or monovhloro acid; the mild Edman

Z
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degradation uses TFA, TCA, or DCA; or the mild Edman degradation uses triethylamine,

triethanolamine, or triethylanunonium acetate (EGNHOAC).

{8235] In some cases, the reagent for removing the amino acid comprises a base. In some
embodiments, the base is a hydroxide, an alkylated amine, a cyelic amine, a carbonate buffer,
trisodium phosphate buifer, or a metal salt. In some examples, the hydroxide is sodium
hvdroxide; the alkylated amine is selected from methylamine, ethylamine, propylamine,
dimethylamine, disthylamine, dipropylamine, trimethylamine, iriethylamine, tripropylamine,
eyclohenylamine, benzylamine, aniline, diphenylamine, N,N-Diisopropylethylamine (DIPEA),
and lithium diisopropylamide (LDA); the cyclic amine is selected from pyridine, pyrimidine,
imidazole, pyrrole, indole, piperidine, prolidine, 1,8~diazabicyclo[5.4.0}undec-7-ene (DBU), and
1,5-diazabicyclof4.3.0fnon-5-ene (DBN); the carbonate buffer comaprises sodium carbonate,
potassium carbonate, calchum carbonate, sodium bicarbonate, potassium bicarbonate, or calcium

bicarbonate; the metal salt comprises silver; or the metal salt is AgClO4,

{8236} In some embodiments, the method further includes contacting the polypeptide with a
peptide coupling reagent. In some embodiments, the peptide coupling reagent is a carboditmide
compound. In some examples, the carbodiimide compound is diisopropylcarbodiimide (DIC) or

1-ethyl-3-(3-dimethylaminopropybecarbodiimide (EDC).

{8237]  Tnone aspect, the kit further comprises buffers for use with the provided methods. In
some examples, the kit further comprises & detergent or a surfactant. In some embediments, the
provided kits include buffers used for information transfer between the polypeptide tag and the
moiety tag, for extension of polynucleotides, for a primer extension reaction, and/or for ligation
reactions. In one aspect the kit further comprises one or more solutions or buffers {2.g., Tris,
MOPS, eic.) for performing a method according to any of the methods of the invention.

{8238] In any of the preceding embodiments, the kit can comprise a support or a substrate,
such as a rigid solid support, a flexible solid support, or a soit solid support, and including a

pPOTOUs stpport or a non-~-porous sopport.

162391 Inany of the preceding embodiments, the kit can comprise a support which
comprises a bead, 2 porcus 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, 2 microtitre well, a plate, an ELISA
plate, a disc, a spinning interferomstry dise, 2 membrane, a nitrocellunlose membrane, a
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nitroceltulose-based polymer surface, a nanoparticle {e.g., comprising a metal such as magnetic
naneparticles (Fes0q), gold nanoparticies, and/or silver nanoparticles), quanium dots, a
nanoshell, 2 nanceage, & microsphiere, or any combination thereof. In one embodiment, the
support comprises & polystyrene bead, a polymer bead, an agarose bead, an acrylanide bead, 2
selid core bead, a porous bead, a paramagnetic bead, glass bead, or a controlied pore bead, or
any combination thereof. In some embodiments, the support or substrate comprises a plurality of

spatially resolved attachment points.

j0248]  In any of the provided embodiments, the kit can comprise a support and/or can be for
analyzing a plurality ofthe analytes {such as polypeptides), in sequential reactions, in paraliel
reactions, or in a combination of sequential and parallel reactions. In one embodiment, the
analytes are spaced apart on the support at an average distance equal to or greater than about 10
nrm, equal to ot greater than about 15 man, equal to or greater than about 20 mn, equal to or
greater than about 50 nm, equal to or greater than about 100 nm, equal to or greater than about
156 nm, equal to or greater than about 200 nm, equal t© or greater than about 250 nm, equal to
or groater than about 300 nm, equal fo or greater than about 350 nm, equal 1o or greater than

about 400 nm, equal to or greater than about 450 mm, or equal to or greater than about 500 am.

18241 in some embodiments, the kit further comprises one or morve vessels or containers,
eg., tube vassels (e.g., test tube, capillary, Eppendorf tubey useful for performing the method of

use. In some examples, the components are each provided in separate containers.

{0243}  In one aspect the kit Rurther comprises one or more oligonucleotides, and in one
aspect {optionally) fres nucleotides, and in one aspect (optionally) sufficient free nucleotides to
carry out a PCR reaction, a rolling circle replication, a ligase-chain reaciion, 2 reverse

franscription, a mucleic acid labeling or tagging reaction, or derivative methods thereof.

(62437 In one aspect the kit further corprises at least one enzyme, wherein in one aspect
(opticnally) the enzvime i a polymerase. In one aspeot the kit further comprises one or more
oligomucleotides, free muclectides and at least one polyrserase or enzyime capable of amplifying
a nucleic acid in 2 PCR reaction, a rolling curcle replication, a Hgase-chain reaction, a reverse
iranscription or derivative methods thereof. The one or more oligomucleotides can specifically
hybridize to & nucleie acid frora a sample from a subject, {e.g. from an animal, 3 plant, an insect,

a yeast, a vivus, a phage, a nematode, 8 bacteria or a fimgi}.
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02441  Insome embodiments, the kit further comprises reagents and components for
purifying, isolating, and/or collecting the polypeptides, moieties, tags, and/or polynucleotides
{e.g. separate record polynucleotides). In some embodiments, the kit further comprises reagents
for concatenating and collecting the polypeptides, moieties, tags, and/or polynucleotides (2.8,
separate record polymucleotides). In some embodiments, the kit further includes instructions for
preparing the sample. In some cases, the kit comprises reagents and components for nucleio acid

{e.g. DNA or RNA) isolation, precipitation, and/or collection.
Exemplary Embodiments.

18345} Among the provided embodiments are:

i A method for assessing identity and spatial relationship between a polypeptide and a
moiety in a sample, which method comprises:
a} forming a linking structure between a site of a polypeptide in 2 samiple and a site of a

moiety in said sample, said linking structure comprising a polypeptide tag associated with said
site of said polypeptide and a moiety tag associated with said site of said motety, wherein said
polypeptide tag and said moiety tag are associated;

b) transferring information between said associated polypeptide tag and said moiety tag or
Higating said associated polypeptide tag and said moiety tag to form a shared unique molecule
identifier (UMY} and/or barcode;

e} breaking said linking structure via dissociating said polypeptide from said modety snd
dissociating said polypeptide tag from said moiety tag, while maintaining association between
said poelvpeptide and said polypeptide tag, and maintaining association between said moiety and
said moiety {ag; and

d) assessing said polypeptide tag and at least a partial sequence of said polypeptide, and
assessing said moiety tag and at least a partial identity of said moiety,

wherein said assessed portions of said polypeptide tag and said moiety tag comprise said shared
unigue molecule identifier (UME) and/or barcode indicates that said site of said polypeptide and
said site of said moiety in said sample are in spatial proximity.

2. The method of embodiment 1, wherein the moiety comprises a polypeptide.

3. The method of embodiment 1, wherein the moiety comprises a polynucleotide.

4. The method of any one of embediments 1-3, wherein the polypeptide tag comprises a
polynucieotide,

5. The method of any one of embodiments 1-4, wherein the moiety tag comprises a
palvnucieatide.

. The method of embodiment 5, wherein the polypeptide tag comprises a first

polynucieotide and the molety tag somprise a second pelynucieotide, the first and second
polynuclectides comprise a complementary sequence, and the polypeptide tag and the moiety
tag are associated via the conplementary sequence. '

7. The method of embodiment 6, wherein transferring information between the associated
polypeptide tag and moisty tag comprises extending both the first polynucleotide of the
polypeptide tag and the second polynucleotide of the molety tag to form the shared UM] and/or
barcode.

&8
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8. The method of embodiment 8, wherein francferring information betwesn the associated
polypeptide tag and moiety tag comaprises extending one of the fust polymuclestide of the
polypeptide tag and the second polymuclectide of the moiety tag to form the shared UM and/or
barcode.

9. The method of embodiment §, wherein the polypeptide tag comprises a double-stranded
polynucieotide and the moiety tag comprise a double-stranded polynucleotide, and transforring
mnformation between the associated polypeptide tag and moiety tag comprises ligating the
double-stranded polynuclectides to form the shared UMI and/or barcade.

18, The method of embodiment 8, wherein the shered UMI and/or barcode comprises
sequences of both the double-siranded polynucleatides,

it The method of embodiment 8, wherein the shared UMY and/or barcode comprises
sequance of one of the double-stiranded polynucleotides.

i2, The method of any one of embodiments 1-11, wherein, in the Hoking structare, the
polypeptide tag and the moiety tag are associated stably.

13, The method of any one of embodiments 1-11, wherein, in the lnking structre, the
polypeptide tag and the moiety tag are associated transiently.

14,  The method of any one of embodiments 1-13, wherem, i the Hoking structure, the
polypeptids tag and the moiety tag sre associated divectly.

15, The method of any one of embodiments 1413, wherein, in the linling structure, the
polypeptide fag and the moiety tag are associated indivectly, eg., via a Hoker or UMI between
the polypeptide tag and the moicty tag.

16, A method for assessing identity and spatial relationship between a polypeptide and a
moiety in a sample, which method comprises:

a) forming a Hnking structure between a site of 2 polypeptide in a sample and a site ofa
meiety in said sample, said Huking stmotwe conmprising a polypeptide tag associated with said
site of said palypeptide and a molety tag associated with said site of said mudety, wherein said
polypeptide tag and said moiety tag are associated;

b} transferring Information hetween said assouiated polypeptide tag and said motety tag to
form 2 shared unigue molecule identifier (UME) and/or barcode, wherein the shared UMI and/or
barcode is formed as a separate record polynucicotide;

e} breaking said Heking structure via dissociating said polypeptide fom said moisty and
dissociating said polypeptide tag from said molety tag, while maintaining association between
said polypeptide and said polypeptide {ag, and maintaining assoviztion between said moiety and
said molety tag;

g} assessing said polypeptide iag and at least a partial sequence of said polypeptide, and
assessing said moiety tag and at least a partial identity of seid mniety; and
¢} asseesing said separate record polymuciectide to establish the spatial relationship between

the site of the polypeptide and the site of the moiety.

17.  The method of embodiment 16, wherein the polypeptide 1ag and the molety iag comprise
polynucleotides.

18, The method of embodiment 16 or embodiment 17, wherein the linking structire ig
formed between the polypeptide tag and the moiety tag via the separate record polynucieotide.
18, The method of any one of embuodiments 16-18, wherein the method forms multiple
separate record polypeptides batween the polypeptide tag and more than one site of said moiety
or more than one moiety.

24, The moethod of any one of embodiments 1619, wherein step o} establishes the spatial
relationship betwesn the site of the polypeptide and twe or more sites of said moiety or twe or
roore moteties.
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21, The method of any one of embodiments 1620, whereln, in the linking structure, the
polypeptide tag and the separate record polynucleotide are associated transiendly.

22, The method of any one of embodiments 16-21, whereln, in the linking structure, the
polypeptide tag and the separate record polynucieotide are associated dirsctly.

23.  The methaod of any one of embodiments 16-22, wherein, in the linking structure, the
moiety tag and the separate record polynuclectide are associated transiently.

24.  The method of any one of embodiments 16-23, wherein, in the linking structure, the
moiety tag and the separate record polynucieotide are associated directly.

25, The method of any one of embodiments 16-24, whersin the separate record
polynucleotide is formed by exiengion, e.g., primer extension,

26.  The method of any one of embodiments 16-24, wherein the separate record
polynucleatide is formed by ligation.

27, The method of any one of embodiments 16-26, whersin the separate record
polynucieotide is released from said polypeptide tag and said moiety tag.

28.  The method of any one of embodiments 16-27, further comprising collecting said
separate record polynucleotide prior to assessing said separate record polymuclectide.

2%, The method of embodirent 28, wherein assessing said separats record polynuclectids
comprises sequencing said collected shared unigue molecule ientifier (UM} and/or barcode,
thereby producing seguencing data.

30, The method of any one of embodiments 16-29, further comprising concatensting said
collected separate record polynucleotides prior to assessing said separate record polynuclectide.
31,  The method of embodiment 30, wherein assessing said separate record polynucleotide
comprises sequencing said concatenated separate record polymucleotides.

32, The method of any one of embodiments 1-31, whersin in forming the linking structure, 2
single polypeptide tag is associated with & single site of the polypeptide, 5 single polypeptide tag
is associated with a plurality of sites of the polypeptide, or a plurality of the polypeptide tags are
associated with a phwrality of sites of the polypeptide.

33.  The method of any one of embodiments 1-32, wherein in forming the linking structure, &
single moiety tag is associated with a single site of the moisty, a single moiety tag is associated
with a plurality of sites of the moiety, or a phurality of the moisty tags are associated with a
phurality of sites of the motety.

34,  The method of any one of embodiments 1-33, wherein transferring information between
the associated polypeptide tag and the molely tag or ligating the associated polypeptide tag and
the molsty tag forms a single shaved unigue molecule identifier (UM} and/or barcoede.

38,  The method of embodiment 34, whereln the single shared unique molecule identifier
{UMI) and/or barcode is formed by combining multiple sequences, e.g., multiple UMIs and/or
barcodes from the polypeptide tag and/or the moilety tag.

36. The method of any one of embodiments 1-33, whereln transferring information between
the associated polypeptide tag and the molety tag or ligating the associated polypeptide tag and
the motety tag forms a plurality of shared unigue molecule identifiers (UMIE} and/or barcodes.
37.  The method of any one of smbodiments 1-36, wherein, in the linking siructure, the
shared UMI and/or barcods comprises a complementary polynucleotide hybwid, and dissociating
the polypeptide tag from the molety tag comprises denaturing the complementary polynucleotide
hybrid.

38,  The method of any one of embodiments 1-37, wherein both the polypepiide and the
moisty ave paris of a larger polypeptide, and dissociating the polypeptide from the moiety
comprises fragmenting the larger polypeptide into peptide fagmenis.
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¢ method of ermbodiment 38, wherein the lavger polvpeptide
fragrosuts by a protease di g&siiﬂn
L}a met?md of any one of exobodiments 1-39, wherein the molety is g part of a molecule
iz bound o, complexed with or in close g}mxm ity with the polypeptide in the sample.
The method of evabodiresnt 44, wherein the polypeptide and the moisty }c_‘t@ng o fwWo
ferent proteins in the same protein cm"mi@x
The method of embodimsot 40, whevein the meolety is a part of a poiynuciectide

molecule that is bound to, complexed with or in close prmsmw with the pmwernd@ in the
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43.  The method of any one of embodiments 1-42, wheremn the af least g partial sequence of
the polypeptide is assessed nsing a procedure comprising:
a1} providing the polypeptide and the agsociated polypeptide tag that serves as a
curding tag

the polypeptide with a first binding sgent capable of binding to ths
st coding tag with dermfymg

b} \m}é‘astiﬁg
polypeptide, wherein the firut binding sgent comprise
mformation z@gsn?i f&m first bzmimg agent;

%
o
josl

ciy  irams 9 the in wmmw{s of the first coding tag 1o the recording 1ag 1o generate
a first grder exte mif: recording tag; and
diy  anat } ing the frst order p‘xi;enjeé‘; recorcii;ng tag

44, The method of ¢ mbmm.cz i 43, whereln analyeing Ji m der extended recording tag
also assesses the polypeptide tag.

45, Them ethoa of any one of embodimenis 144, wherein the mo t§ OMPYISEs 8 thoiety
po“pepudc and at least a partial identity of the moiety is assessed using & procedure
comprising:

ady  providing the moisty polypeptide and the associated moiaty tag that serves as

™

contacting the moiety polypeptide with a first binding agent capable of binding to
the moialy polypeptide, wherein the first binding agent ¢ erxpr cs a first coding tag with
identifying information regarding the first binding agent;
g2} trensferring the information of the fivst coding tag to the recording tag to gederate
a-first order extended n}rdx nig tag; and
42y analyzing the firet order extended recording tag.
{ th

o3

45 The method of e mmmm ut 45, wherein analyzing the frst order sxtended reeording tag
alsn asgesses the molety tag.

47, A wmethod $or assessing identity and spatial relationship between a polypeptide and a
meiely in a saraple, which method comprises:

al providing a srwassw;h i structurs compprising a shared unigue molecule identifier

{UMI) and/or barcede in the middie portion fanked by a polypeptide tag on one side and a

wolety tag oo the other side;

b forming a im&m& srachure between a site of a polypeptide in 2 sample and a site

moiety in said sample by associsting said polypeptide tag of said pre-assembled \‘mcmre 0 sa.ici
§

¥

site-of said po “ime‘a ide and associating said modety tag of said pre-assembled structare to said
stte of said moiety;
<3 breaking said Unking strocture via dissaciating said po Mypeptide from said moiety snd

disgociating said polypeptide tag from said moiety tag, while 'mmt ining sseociation between
said polypeptide and said polypeptide tag, and raintaining association between said moiety and
said moiety g and :
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d} assessing said polypeptide tag and at least a partial sequence of said polypeptide, and
assessing said molety tag and af loast a partial identity of said maikty,

wheremn said ssssssed portions of said polypeptide tag and said moiety tag conmprise said shared
unigue molecale entifier (UMI} andior barcode mdivates thal said site of said polypeptide and
said sits of said mookety in said sample ave in spatial proxunity.

48.  The method of embodiment 47, wherein the moiety comprises a polypeptide.

45, The method of embodiment 47, wheredn the molety comprises 3 polynucleotids,

56,  Themethod of any one of erabodiments 47 7-48, wherain the polypeptide tag comprises a
polyaucieotide,

51, Themethod of any one of embodiments 47-53¢, wheretn the moioty tag comprises &
polynucieotide.

52. The methed of any oue of embaodiments 47-51, wherein, in the linking structure, the
polypeptide tag and the molety tag are associated stably.

53, Themethod of any one of erabodiments 47-81, whereln, o the Hoking structure, the

puiypepude tag and the molety tag are assosiated wransiently.

34, The method of any one of embodiments 47-533, wherein, in the linking structure, the
polypeptide tag and the molety tag are associated divectly.

535. The mathod of any ong m‘ smbodiments 47-33, whersin, in the linking strachue, the
polypeptide tag and the moiety tag are associated indirectly, e.g., via a luker or UM between
the polypeptide tag and the moisty g,

56. The method of any one of embodiments 47-55, wherein in forming the linking structure,
a stughe polypeptide tag is associated with a single site of the pai» peptide, & single polypeptida
tag is associated with a plurality of'sites of the polypeptide, or s plurality of the polypeptide tugs
are associated with a phuality of sites of the polypeptide.

57, The method of any one of embodiments 47-56, wherein n formimg the imkmg straciure,
a single moety tag 5 associated with a single site of the moiety, » single moilety $ag is associaied
with a plorality of sites of the motety, ot a plurality of the moiety tags are associated with a
pharality of sites of the moigty.

58, The method of any one of embodiments 47.87, whergin the formed linking strocture
comprises a single shared unique molecule identifier {U\ﬁ) and/or barcode.

54, The method of any one of embodiments 47-537, wherein the formed Hnking structure
comprises a plorality of shaved unigue molecule identifiers (UM} and/or barcodes,

& The method of any one of embodiments 47-57, wherein the polypepiide tag comprises a
first polynucleotide and the moiety tag comprise a second polynucieotids.

61, The method of any one of embodiments 47-60, wherely, in the Hnking structure, the

shared UMI and/or barcode comprises & complementacy p@‘:vamc?eeiide hybrid, and dissociating
the polypeptids tag from the moiety tag comprises denaturing the complementary polysuclectide
hybrid.

2. The method of any one of embodiments 47-81, wherein both the polypeptide and the
moiety are parts of a larger prlypepiide, and 4 ismcia'ria,g the polypeptide from the moisty
comprises fragmenting the larger polypeptide into peptide Sagmenis.

83, The method of emsbodiment 62, whergin the larger polypeptide is fragmented into
peptide fragments by 2 protease digestion.

&4, The method of any one of emboduneats 47-63, wherein the moisty isapart ofa
molenule ih(.i is bound to, complexed with or in close proximity with the polypeptide in the
samnple.

65.  Themethed of embodiment 64, wherein the polypeptide and the moiety belong i two
different proteins n the same protein complex.
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66.  The method of embodiment 64, wherein the moiety is a pant of a polvnucleotide
molecule that is bound to, complexed with or in close proximity with the polypeptide in the
sample.
67.  The method of any one of embodiments 47-66, wherein the at least a partial sequence of
the polypeptide is assessed using a procedure comprising:

al}  providing the polypeptide and the associated polypeptide tag that serves as a
recording tag;

b3}  contacting the polypeptide with a first binding agent capable of binding to the
polypeptide, whersin the first binding agent comprises a first coding tag with identifying
imformation regarding the fivst binding agent;

03)  transferring the information of the first coding tag to the recording tag to generate
a first order extended recording tag; and

d3)  analyzing the first order extended recording tag.
68.  The method of embodiment 67, wherein analyzing the first order extended recording tag
also assesses the polypeptide tag.
6. The method of any one of embodiments 47-68, wherein the moiety comprises a moiety
polypeptide, and at least a partial identity of the moiety is assessed using a procedure
conprising:

a4y  providing the moiety polypeptide and the associated moiety tag that serves as a
recording {ag;

b4}  contacting the moiety polvpeptide with a first binding agent capable of binding to
the moiety polypeptide, wherein the first binding agent comprises a first coding tag with
identifying information regarding the first binding agent;

cd)  transferring the information of the first coding tag to the recording tag to generate
a first order extended recording tag; and

a4y analyzing the first order extended recording tag.

70, The method of embodiment 68, wherein analyzing the first order extended recording tag
also assesses the moilety tag.
71, The method of any one of embodiments 1-70, wherein the assessing of at least a partial

sequence of the polypeptide and at least partial identity of the moiety is performed after forming
the Hnking structure between the site of the polypeptide and the site of the moisty.

72, The method of any one of embodiments 171, wherein the assessing of at least a partial
sequence of the polypeptide and at least partial identity of the moiety is performed after the
polvpeptide is dissociated from the moiety.

73.  The method of any one of embodiments 43-46 and 67-70, wherein the contacting of the
polypeptide and the moiety with one or more binding agents is performed after forming a linking
structure between the polypeptide and the moiety.

74. The method of any one of embodiments 43-46, 67-76, and 73, wherein the contacting of the
polypeptide and the moiety with one ot more binding agents is performed after the polypeptide
is dissociated from the molsty.

75, Akit for assessing identity and spatial relationship between a polypeptide and a modety
in a sample, comprising:

(&) ong or more polypeptide tags and one or more molety tags;

{b) reagents for forming a linking structure betwgen a polypeptide and a moisty in a sample; and
{c) reagents for assessing the identity of the moiety and at least a partial sequence of the
polypeptide.

76. A kit for assessing identity and spatiai relationship between a polypeptide and a moiety
in a sample, comprising:
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{a} one or more polypeptide tags and ooe or more moiety tags;

{Iy) reagents for forming & Huking structurs between 4 polypeptide and a molety 1o a sample,
wherein the linking structure is formed as a separate record potynucleotide; and

{¢) reagents for assessing the identity of the raniety and at least a partial seguence of the
polypeptide.

77, The kit of embodiment 76, further conaprising ove of more reagents for analyzing the
separate record polynuclectide.

78, The kit of any oue of crbodiments 75-77, wherein the reagents {or assessing the ideutity
of the moisty and st least a partial sequence of'the polypeptide comprises a thrary of hinding
agents, wherein sach binding agent comprises 2 binding moiety and a onding polywer
comprising identifving information regseding the binding moisty, wherein the binding moisty is
capable of binding to one or more N-ternainal, internal, or CHisrminal amine acids of the
fragment, or capable of binding to the one or more N-tenmina], internal, or C-terminal aming
acids modified by a functionalizing reagent.

79, Akit for assessing spatial relationship, comprising:

{a} a reagent for providing a polypeptide associated divectly or indivectly with 2 polypeptide tag
and for providing a molety associated divectly or indirectly with a molety tag;

{2} & reagent fiv funcicaglicing the N-termival awino ackl (NTAA} of the prlypepiide;

{c} a first binding agent comprising a fiest binding portion capable of binding to the
functionalized NTAA and (1) 2 fiest coding tag with identifiing information regarding the ficst
binding agent, or {¢2) a first detectable label; and

{ih) a reagent for ansterring the information of the first coding tag to the recording tag to
groerate an extended recording tag; and optionally

{e} u resgent Tor analyeing the exiended recording tag ov a reagent for detecting the first
detectable label.

80, The kit of embaodiment 78, wherein the kit additionally comprises a reagent for
eliminating the Rmetionalized NTAA 1o expose & new NTAA.

8. The kit of exbodiment 80, wherein the reagent for eliminating the functionalized NTAA
is 2 carboxypeptidase or aminopepiidase or variant, routant, or modified protein thereof] a
hydrolase or variant, owtant, or modified protein thereof) mild Edmnan degradation; Edownase
enzyme; THA, a base; or any combination thereof,

2. The kit of any of sbodiments 75-79, further comprising a support or substrate.

83, The kit of eobodiment 82, wherein the support or sebstrale is a bead, aporous bead, 3
porops matrix, av array, 2 glass sorface, a siticon surface, g plastic surflice, & filter, 8 membrans,
nylon, a siicon wafer chip, a flow through chip, a biochip inchuding signal transducing
elactronies, a microtitre well, an ELIBA plate, a spinning interferometry dise, a nitrocelldose
membrane, a nitrocethiose-based polymer surface, 4 nanoparticle, or a microsphere.

&4.  The kit of embodiment 82 or embaodiraent 83, wherein the support or substrate comprises
g plurality of spatiaily resolved attachment points.

Examples,

{8246} The following exaraples are offered 4 iHlustrate but not to Hmit the methods,

compositions, and uses provided herefn.

Hxaomle 1: Pairwise Association
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{5247} in this sxaople, peptide 1 1} and peptide 2 (Pep 2} are subsequences of Protein
1. DNA tags comtainmg UMIs are oo v'aiem}'y attached to sites in a protein sample. The siteg
should be appropriately spaced on average 50 as to optimize yield of useful information per the

assay design.

8248]  DNAtag with UME 1 s linked to Pep | and DNA tag with UMI 2 is Hinked to Pep 2
in the protein sample. The DNA tags are designed so that UMI sequences can be copied from
one tag to another, e.g., via universal complementary 37 ends uiilized as primers by DNA
polymerase. A reaction that copies tag information is carried aut, e.g., one cyele of annealing +
extension with DNA polymerase. {See e.g, Assarsson, Lundberg ¢f al. 2014.) By virtue of
proximity, UMI 1 and UME 2 write to each other. In sorue examples, only a single cycle of

extension is carvied out, so as o form unigque tag pairs. Other variations are possible, in which 2

(<2

squence Is propagated across mudtiple tags. Such a system should be designed so that

ndesived tag multhimers are not generated or at least minimized,

o

{6249 MNext, Protein cleaved and peptide-UMI-tag-pairs are processed o generate
NGPS data. The DINA tags incorporating UMIS are used as recording tags for written to
recording tags) in the NGPS assay. Following NGS seguencing and sequence analysis, the
following sequence comstructs are extracted

{Fepl, UMIL-UMR}
g {Pep2, va‘;‘ﬁuU“uﬁ}\
Provided that UMI 1 and UMI 2 are to & Hirst spprozimation “unigue” (e, having a suitably
tow probability of cceurring mudtiple thmes in the sample by change), we can use this
information to deduce with high confidence that Fep 1 and Pep 2 are in close proximity {n the
protein sample. Particudarly if we empirically tune and calibrate the system so that there is a
high likelihood that peptides linked using Partitioning By Association (PRA) are part of the
same protein, we can infer that Pep | and Pep 2 are likely subsequences of & single protein. This
additional information is not obtained from NGPS alone. When combined with the peptide
segquence data, it allows us to identify protein sequences with higher confidence becanse we can

search for cotngident pairs {or more} of peptide sequence maiches,

Examyple 2: Network Reconstruction

{82807  There is no requivernent that peptide paire be from the same protein, In some

gxatmples, the PBA process is applied to a complex protein sample. The sample is labeled with

95
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DINA tags and UMY pairs are formed as deseribed in Example 1. In some cases, UM pairs will
associate subsequences of a profein {cia-protein associations or CPAs) In other cages, UM
pairs will form between proteins (frans-protein associations or TPAs). In a complex protein
sample tiere can be a mix of CPAs angl TPAS.

51 Hven with just a single CPA per protein, PRA significantly increases the abilfty o

1

of

t
&y

ubiquely identify a prodein, However, additional power is gained by reconstoucting networ
pairs. Forexample, if Pep ¥ and Pep 4 are subsequences of Protein 2. Lot us assurns that PBA

associates:

Pep | from Frotein 1 with Pep 3 from Protein 2.
Pep 2 from Protein 1 with Pep 4 from Protain 2.

Let us assume that we can map Pep 1 and Pep 2 to Profein |, but we can't map Pep 3 and Pep 4

to Proteinl, Howsver, we can tufer that Pep 3 and Pep 4 have a rossonable Huelihood of
belonging to the same protedn (or 2 small subset of proteins that were tn proximity to Protein 1)
Theretie, we can use this “partitioning” information o identify high-likelihood matches, and
bootstrap together a network of patrwise relationships that allows ws Mentity proteins nsing PBA
using shorter and kess acourate sequences tharowould be required withont PBA

{6282]  PBA can be used together with physical partitioning, However, because of this
“network” effecy; often no physical partitioning is requived. FBA can be carvied out in bulk

3

without the need for emulsions, or other complex partitioning techmgues. Instead, “virtual

3

proximity-based partitions are estublished at the molsaudar level and reconatrocted

nforraatically.

{8283 In some examples, it is preferable to hmit the nomber of proteins ihat ave in

sufficiently close proximnity 1o generate pairwise nodes, prefarably, PBA would generate many

relatively disorete “networks™ rather than one large, Jiffase network that in principle could

comprise the entive profein sample. Simple methods of Himiting the average number of proteins

associated together inclade difution and physical separition, &g, by adsorption of other

sttachiment to a3 solid support such as beads,

Example 3; Labeling of proteins xes with DNA tags
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{6284} A DNA tag oﬂmpriSed of commen primer sequences flanking a UMUbarcode and §°

"(.

conjugation moiety {for conpling directly or indivectly to poly

&

cptide) enables coupling 1o native

VrB

protefns or protein complexes. A number of standard bicconjugati

\

2013} can be eraployed 1o couple the DNA tag directly to reactive amino acid residues (e.g.,

Lys, Cys, Tvrosing, ¢t¢., see Ref), or iziéir@cﬁy via 2 heterobifunctional Hoker, For hwstance

residues i » buffer such as 50 mb sodium borate or HEFES (pH 8.5), and generate an

& s B
orthogonal ehemical “click” group for subsequent coupling to 2 DNA tag with a § tran-eyclo
octane ("E CC) group. Afier lygine labeling with NHS-PEG! Hzﬁ‘ei, excess NHSPEGH -mTet

{258} A S TCO labeled DNA tag is coupled to the mTet-labeled protets in 1X PBS buffer
{pH 7.5). Excess DNA tag can be removed by scavenging on an mTet scavenger resin, Afler
removal of excess DNA tag, & proximity-based privner extension step is used to transfer
mformation between proximal DNA tags. Specifically, proximal DNA tags ave allowsd to

3]

soneal in Hxtension buffer (50 oM Trie-C (pFE 7.5}, 2 ;oM MgSO4, 125 pM dNTPs, 50 oM
I mg/ml

NaCi, 1 mM dithiothreitol, 8.1% Tween-28, and €. BSA} for § minutes at room temp
after a brief 2 min. heating step 10 45 °C. After annealing, Klenow exo- DNA polvmerass

NEB, § U/ul) is added to the beads for & finsl concentration of 6125 U/ul, and incubated at 23

'C for S min. After primer extension, the reaction is guenched by adding wrea to B M o

lenature protein and profein complexes.

Example 4: Processing of proximdty DNA tageed polvpeptides

{2881 Adfter primer extension and protein denaturation, the denatured polypeptides are
avylated af remaining unreacted cysteine or lysine residues, and then subject to protease
digestion with an endopeptidase like trypsin, LysC, ArgC, eto. The proximity-extended DNA

tags on the labsled pepiides actasa recs}rding tags in our NGPS ProteoUode assay as deseribed

substrate {£.g., beads) by divect chernieal conjugation or by hybridization capiure and Hgation 1o

DINA copture probes divectly attached o sequencing substraie {See e.g., Figure §).
3 « ) 3 p
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37 8pl" sequence, and the other DNA tag type is comprised of 2 3 3p2” sequence. These two
sequence types are converted into g universal Sy spacer sequence by anuealing conversion
primers (Sp2-Sp” and Sp1-Spl). Extension upon these primers sequence generates the final

recording tag for ProteoCode sequencing.

Exanmie 5: Lization based proximity gvching

{6258} This Example describes 2 method for assessing proxiraity inderaction of a
polypeptide and one or more moieties using ligation based proximity cycling. The polypeptide

and moieties are cach labeled with a DNA 1ag. The DDNA tags are designed to interact by

cyveling extension, ligation, and denaturation.

{3255} in the first step of & given cycle, a common primer ammeals to the ¥ site onthe 3°
end of the DMA tags. The DNA tag on the polypeptide is oriented with its 3” end away from the
polypeptide and an extra T base, and the DINA tags on the moieties is oriented such that it 3’end
is attached to the moiety and the 5” end is free (FIG. 84}, In some embodiments, the design can
be reversed. After annealing of F primers to the DNA tags (polypeptide tag and moiety tag),
primer extension generates double stranded DNA tag products, and A extendase activity of the
polymerase generates an A overbang on the double stranded DNA tag product annealed to the
moiety’s DNA tag (FIG. 8B). This A overhang on the moiety tag and the T overbang on the
polypeptide tag snables ligation (FIG. 8C). The 5’ end of the moiety DNA tag is non-
vhosphorylated and non-ligatable, whereas the 5” end of the F primer is phosphorylated and
ligatable. As shown in FIG. 8D, lgation produces a separate record polynuclectide of P-Mui in
some cases, the polypeptide is in spatial proximity of more than one moiety {e.g., M1, M2, ete.).
Cyelic annealing, extension, and ligation gensrates multiple linear records of P-My, P-Ma, etc.
{e.g. separate record polynucleotides) (FIG. 94-9B), Indirect or overlapping information from
multiple separate record polynucleotides further indicates spatial proximity information for the
polypeptide with two or more moteties (Fil. 5C)

162568] Cyclic annealing, extencion, and Hgation are performed a follows: A 30 plreaction
corprised of 100 ng of DMA tagged protein complexes in 1X Exe-Lag buffer 20 M Tris-H{O
pH 8.0, 25 mM potassivm acetate, 2 M magnesium acstate, T mM NAD, 260 uM dNTPg
except for dATP at 560 ud, 10 oM DTT, 0.1% Triton X-100), 2060 oM F primer, 8.5 U Tag
polvmerase (NEB), and 2 U Py DNA ligase (D540K puutant) (U8, Patent No. US 5,427,930

Tanabe et al., Archaea (2018) 2015:267570). The reaction is cycied for 30 cycles under the

a8
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following conditions: 94°C for 2 min, then 60°C 1 min, 40°C 5 min, 94°C 30 s for 30 cycles.
After extension ligation thermocycling in the presence of F primer, the resultant records are PCR.

amplified using F and R primer using standard PCR conditions.

{0261  The proximity of P to neighboring My, Ma, eie. can be determined using the provided
method. The sequences or identities of P and M, Mz moieties are further determined using
ProteaCode sequencing {e.g., International Patent Application Publication Na. WO
2B17/192633),

Example 8. Concatenation of DNA libraries for nanopore sequencing

e A e e A A A R e e N e A B TS R

16262] DINA libraries were PCR amplified (20 cyeles) with 57 phosphorylated primess using
VeraSeq 2.0 Ultra DNA polymerase to generate library amplicons suitable for blunt end ligation
{~ 20 ng/uL PCR vield). To concatenate PCR products, 20 L of PCR reaction was mixed with
20 L 2X Quick Ligase buffer and 1 uL Quick Ligase (NEB} and incubated at room temperature
for ~16 brs. The resultant ligated product, ~ 0.5 - 2 kb in length {probably a mix of some
circular products as well), was purified using a Zymo purification column and eluted nto 20 pL
water, The resultant concatenated product was prepared for nanopore sequencing using a Rapid
Sequencing Prep kit (SCK-RADOO?) which uses transposase-based adapter addition and
analyzed on a MinlON Mk 1B (R3.4) device. Other methods of concatenation BNA libraries
include the method described by Schiecht et al. using Gibson assembly and can also be
employed for concatenating DNA libraries as described above and used in nanopore sequencing

{Schlecht et al., (2017) Sci Rep 7(1}: 5252},

Example 7. Labeling of peptides and information transfer between proximal molecules

{8263} This example describes information transfer in a proximity siodel system between
twi portions of a polypeptide: a biotin containing portion of the peptide {moiety) and a
phenylalanine {F) containing portion of the peptide {peptide}.

{8254] A polypeptide tag (DNA1} comprising complementary spacer regions (sp’ and sp), 2
PEG finker, and complementary UMT sequences (UMI and UMID} as shown in FIG. 16A
were prepared by extension and ligation of synthetic oligonucleotides. The 3" end of DNAI
comprised an overlay region {OL) that is complementary to an OL region on DNAZ (peptide

tag).

9%
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{0265]  The motety tag (DNA1) and peptide tag (DNA2) were linked fo the model
polypeptide (K(Biotin)G8GSK{NI)GSGSRFAGY AMPGAEDDVVGSGE-K(N3)-NH? as set
forth in 8EQ 1> NO: 1) which contained a biotin at the N-tenminus and an internal
phenylalanine, The DNAT and DINAZ2 tags were linked with the peptide using a DBCO click
reaction, in which DBNAT (5§ uM), DNAZ {5 uM) and the peptide (1 pM) were mixed in 100 mM
HEPES (pH 7.5} and 150 mM NaCl buffer and heated at 60°C overnight. Because each peptide
has two sites for DNA attachment, three different products were generated: a pepiide with two
DNAI attached, a peptide with two DNAZ attached, or a peptide with DNAL and DNAZ
attached. Only peptide attached to both DNAT and DNAZ contained the necessary hybridization
region for information transfer, To remove free excess DNA, streptavidin beads (MyOne
Streptavidin T1, Therme Fisher, USA) were used to isolate polypeptide complexes with DNA
via binding with the biotin. Twenty (20) gL of the reaction mixtuce weve incubated with
streptavidin beads (10 pl.) at 25°C for 40 min. Afler removal of the supernatant and washing
twice with PBS + 0.1% tween 20, the samples were sluted in 20 pL of 95% formamide at 60°C
for 5 min. As a control, a DNA3 oligo was incubated with a peptide that was the same as 88Q
1D NO:T except # contained only § azide group). The DNA3-peptids complex was made by
incubation at 60°C for overnight to generate a control complex and was purified as previcusly
deseribed. Attachment of the DNA 1o the polypeptides before and after purification was
confirmed by mobility shift on 2 15% denaturing polyacrylamide {TBU) gel

{0366] The purified DNAL-DNAZ-peptide complexes were captured on magnetic sepharose
beads via DNA1 by hybridization and ligation of DNAT to the bead-attached DNAT capture
DNA (FIG, 18A). By design, the beads comprised two types of capture DNAs, one with a
region complementary to DNAT and the other with & region complementary to DNAZ,
However, hybridization sites for DNA2 were pre-blocked with conplementary single siranded
DNA, to enable capture via DNAL. Equal concentration of purified DBCO click reaction
mixture, containing TRALDMAZ-peptide and DNA3-peptide (total concentration: 0.1 ub}
were rixed and hybridized with the magoetic sepharese beads in 8 buffer with §X S8C, 8.02%
SDS zod 15% formeamide, followed by washing with PBS + 0.1% tween 20 and ligation. After
the ligation, un-ligated substrate and the capture DNA blocker for DNA2 were washed away by

8.1 M NaGH + 0.1% tween 20.

106
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1267} For information transfer between DNAL and DNAZ, 1,125 Ulpl. Kleoow Gagroent
(37->5" exo-) (KF) was used in presence of dNTP mixsare (125 pM for each), 50 mM Tris-HT
(pH, 7.5}, 2 mM MgSOy, 56 mM NaCl, 1 mM DTT, .19 Tween 20, and 0.1 mgfml BSA. The

reaction was mowbated at 37°C for 5 main to perform intra-molecuiar extension of DNAZ using

vl

DNAL 28 3 fomplate,

{268} After information trausfer, the Hnking strochwe between DNAT and DNAZ {the
polypeptide and mojety tags} was broken by cleaving at the single uracil {U}) present {(FEG
184). The cicavage reaction somprised 0.05 U/pl USER Eozyme, (.2 FURLTAPNK, I mM
ATP, § mM DTT in presence of 1X CutSmart buffer from NEB, incubated at 3700 for 60 min.
Rext, trypsin digestion was conducted to separate the peptide from the moiety {in this example,
the F comtaining portion of the model polypeptide and biotin containing portion of fthe model
notypeptide, respectively} as shown in FIG. 108, Digestion was pert formed &t 37°C fir 2 hwith
.02 mg/ol. Trypsin, §.1% tween 20, 500 maM NaCl and 58 ol HEPEy (pH, 8.0). During the
trypein cleavage resction, separated moiety-DNAQ was re-caphured by hybridization to bead-
attached DINAZ capiure DNA. After washing with FREH.1% Tween, the suraples were
incubated in the quick ligase mixture as sarlier desoribed for the first Higation at 25°C for 30 min
to covalently Hnk the moiety-DNA2 with the bead-sitached DNAY capture DNA.

83691 A final capping step was performed by adding an olige (R1%-sp} toa KE reaction
aiixture as described carlier with the beads in the presence of dNTPs (125 pM each) 1o generate
the finad products with the vap sequence (R1) at the 37 end for both DNAT and DNAZ ag shown
to FIG. 198, R and snother DINA region {at the 57 of DNAT and DNA2} wers used s the
anpealing sites for adapter POR for NGS. After amplification sud mtroduction of binding aites
and index sequences by adapter and index FCR, the saraples were sequenced by Mileq Heagent

Kit v3 {Iluming, USA). Amplicons were sequenced using a MiSeq and counted.

Ly

182

information franafer svents were detected in replicate sxperiments {Reoplicate 1 = 617, Replicate

78} Rasults demonstrating informatinn fansfer are shown v Table 1. As average of 491

2= 36%). Eventa were detectoeid by identifying enigoe UMI-1 matches batween DNAL 1 and
TINA2, corvesponding to unique pairings betwaen individual peptide-DNAT and moia atv- AL

Cons{rucis.,

Tabie 1, Inforomation tremsfer resalis

161
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Metric Moleculay Markers Analyzed Replicate | Replicate
1 {counts) | T {counis)

Mumber of DNA!-containing unigue UMIE-1 found in DNAL 36513 23984
complexes analyzed
Mumber of DNAZ-containing wnigue UME2 found in DNAZ 2078 1213
eomplexes analyzed
Muniber of information transfer urigue UME-1 found both in DNAL 617 365
events and DNA2

F8271] To detect the background for this experiment, the control sample DNA3-peptide was
mixed with DNAT-DNAZ- peptide in squal ratio during the first hybridization/ligation step. The
NGS output ratio of DNA3Z and DNAZ was equal to or less than 0.00606, indicating that almost

all the information fransfer events happened within the same molecule fn FIG, 188,

82721  Inswomary, this example demonstrates that the information transfer between the
peptide and the motety (Biotin and F-containing portions of the peptide} in the model
polypeptide was effective with low background.

{62731 In some cases, the polypeptide and molely are assessed for at least a partial sequence
of the polypeptide and at least & partial identity of the molety {FIG. 188} prior to the final
capping step described sbove. An encoding step is performed to assess at least a portion of the
sequence of the peptide. Binding agents with a coding tag oligo containing faformation
regarding the binding agent can recognize the N-terrainal amino acids or recognize a portion of
the polypeptide or moiety. After the binding agent binds to their corresponding target, the 3°-
spacer’ region of the coding tag hybridizes to the 3"-spacer ¢f the DNA oligo linked with the
same peptide. The peptide-linked DNA can be elongated by copying the coding tag by
extension using K, as a result, wansferring the information from the coding tag to the DNA
seguence linked 1o the peptides (DNA1 and DNAZ) for analysis.

{82741  The encoding step is then followed by the final step of capping as described above
wherein an oligo containing a universal priming sequence {(R17-sp”} is added into a XE" reaction
mixturs with the peptides (associated with DNAT and DNAZ) in presence of dNTPs {e.g, 123

M each) to generate a final prodact for NGB readout,

Example 8. Assessment of encoding function nsing a mixture of binding agents

[
<3
o2
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Every sute (sven within the same protein} can have a different sequence identifier eg., s UML
Protetng can be bandled in bell, with no beads oto. requived. A solid sapport can be used for
convenience &/or to help facilitate, but in principle the process can be done in solution on
arbitrartly complex samples. For example, an entire proteome sample can be partitioned in bulk,

The heavy lifling is done computationslly instead.

2749 When conducted on native proteins in cornplexes, PBA can be used for
reconstruction of protein complexes. When conducted on renatured profeins, PBA can be used

o identify proteins that have a propensity to associaute.

{03881  PBA canbeused to associate other types of molecule, og., DNA-protein complexes.
PBA can be used with sample barcodes so that multiple sampsles can be pooled and analyzed

together.

[3281]  The presend disclosire is not intended to be Hmited in scope 1o the particular
disclosed embodiments, which are provided, for example, to llustrate various aspects of the
ivention. Various modifications to the compositions and methods desoribed will become
spparent froo the description and teachings hersin. Such variations may be practiced without
depatting o the tue scope and spivit of the disclosure and are intended to fall within the
scope of the present disclosure. These and other changes can be made to the eonbediments in
iight of the above-detailed description. In general, i the Hollowing claims, the teros used
should not be constroed & Hmit the clatms to the specific smbodiments disclosed mthe
specification and the claims, but should be construed o mehide all possible embodiments along

i
H

with the folf scope of eguivalents to which sueh claims are entitied. Accordingly, the claims are

not Hmited by the disclosurs.
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CLAIMS

A method for assessing identity and spatial relationship between a polypeptide and 2
moiety in a sample, which method comprises:

8) forming a lnking structure between a site of a polypeptide in a sampie and a site of a
moiety in said sample, said linking structire comprising a polypeptide tag associated with saxd
site of said polypeptide and a moilety tag associated with said site of said moiety, wherein said
polypeptide tag and said moiety tag are associated;

e} transferring information between said associated polypeptide tag and said moiety tag or
ligating said associated polypeptide tag and said moiety tag to form a shared unigue molecule
identifier (UMI) and/or barcode;

o} breaking said linking structure via dissociating said pilypeptide from said moiety and
dissociating said polypeptide tag from said moiety tag, while maintaining association between
said polypeptide and said polypeptide tag, and maintaining association between said majety and
said molety tag; and

&) assessing said polypeptide tag and at least a partial sequence of said polypeptide, and
assessing said moiety tag and at least 3 partial identity of said moiety,

whetein said assessed portions of said polypeptide tag and said moiety tag comprise said shared
unique molecule identifier (UMI) and/or barcode indicates that said site of said polypeptide and
said site of said molety in said sample are in spatial proxinuty,

2. The method of claim 1, wherein the moiety comprises a polypeptide.
3. The method of claiin {, wherein the moiety comprises a polynucieotide.
4, The method of any one of claims 1-3, wherein the polypeptide tag comprises a

polynucieotids.

5. The method of any one of claims 1+4, wherein the moiety tag comprises a
polynuciectide.

6. The method of claim 5, wherein the polypeptide tag comprises a first polynucleotide and
the molety tag comprise 3 second polynucieotide, the first and second polynucieotides comprise
a complementary ssquence, and the polypeptide tag and the meiety tag are associated via the
complementary sequence.

7. The method of claim 6, wherein transferring information betwesn the associated
polypeptide tag and moiety tag comprises extending both the first polynucleoctide of the
polypeptide tag and the second polynucleatide of the moiety tag to form the shared UMI and/or
barcode.

g The method of claim 6, wherein transferring information between the associated

. < - = P
polypeptide tag and moiety tag comprises extending one of the first polynucleotide of the
polypeptide tag and the seeond polymuclestide of the molety tag to form the shared UM and/or
hareode.

& The method of claim §, whersin the polypeptide tag comprises a double-siranded
polynucieotide and the molety tag comprise » dovble-stranded polynucleotide, and transferring

07
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3

wformation between the associated polypeptide tag and mniely tag comywisey ligating the

x
T

double-stranded poly muemzd s to form the shared UMY andfor barwdv,

18, The method of claim 8, wherein the shared UbMI and/vr barcode coraprises seqgusnces of
both the deuble-stranded polyauclectides.

11, Thewethod of claim 9, wherein the shared UMI and/or barcode comprises sequence of
one of the double-stranded polynuciestides.

12, The method of any one of claims 1-11, wheredry, in the Huldng structure, the polypeptide
tag and the moiety tag are associzted stably.

13, The method of any one of claims 1-11, whereln, in the Hnking structure, the polypeptide
fag mzi 1 molety tag ave associated transiently.

[

4, The method of any one of ¢lains 1-13, whereln, in the lnking structure, the polvpeptide
tag and the muvety tag are sssociated dirgctly.

15, The mwethod of any one of clatms 1-13, wheretn, in the linking stracture, the polypeptide
{ag and the moiety tag se sssociated indirectly, g, via a oker or UMY between the
puivysvpt ide tag and the moiety tag.

18, A method for assesving identity and apatisd relationship between & polypeptide and 8

maiety i a sample, which method comprises:

a} forming & Hnking structure between a site of 2 polypeptide In a sample and a site of 2

0o tety fn said sample, said lnking stmucture conprizing & polypeptide tag associated with said

te of said polypeptide and » moiely tag associated wi ith said site of said moiety, wherein said

pu’i vpepitde tag and said molety tag are associated;

b} wansferrng information between said associated polypeptide tag and said pwisty fag o

'i‘r~rm a shared vnigue molecude identifier (UMT) and/or barcode, whereir the shared UMI andfor
Barcode is formed as a separate record polysucieotide;

)] breakmg, said hoking structure via dissociating sald polypeptide fom said moisty and
dissociating said polypeptids tag fron: said modety tag, while maintaining associstion between

said pn ypepiide and said polypeptide tug, and maintaining association between said moiety and

g
said yneiety lag;

d} assessing said polypeptids tag and at least a partial sequence of said polypeptide, and
assessing said molely fag and &t Raw apertial identity of sald molety; and
g} assesving said separste record polymucleotide to establish the spatial relationship bebween

the site of the polypeptide and the site of the moisty.

i7. The method of claim 16, wherein the polypeptide tag and the muoiety ag comprise
pobynuclectides,

i80 The method of claim § or clatiy 17, wherein the linking stvucture is formed bebwien the
polypeptide tag and the moiety tag via the separaie recond polynuclentide.
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P
£

19 The mothod of any one of claims 18418, Wisf‘ﬁ\e‘ -
racord potypeptides between the polypepiide tag and my iié?-ﬁ Qe

wultiple separate

te of said motety or muore

o
@
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than one moisty.

3 Themethod ofany one of claims 1619, wherein step o) establishes the spatial

relationship between the afte of the polypeptide and two or more sites of said modety or two or
more moleties,

21, The method of any one of claias (6.3 ny struchure, the polypeptide

tog and the separate recond polvinclestide oy

sethod of aiy one of claims 16-21, whereln, In the Hnking stracture, the polypeptide

T
3

tao and ;‘1}- Qo § vﬁ "f‘“*"i 1(§ ave aeanciaten dirsotivy

Bg NG W sopaa ale record polvauciondiae are assoesaieg FEHEV RS
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i d of any one of eluims 1627, wherein, i the Hoking structare, the molety tag
aud the separgte recond polymuctectide sre aasocinted transiontly,

g

Hnking strucinrg, the moiety 18g

24, “Le ?.9’{:}(}@ Gf fmy ong of ¢ Z‘ﬁé% 16 2_ . w‘uez c"

25. The method of any one of clatms 16-24, whevein the separate veeord polynuelectide s
7 £ X R

formed by extension, e.g., primer exiension,

26, The method of any one of claims 16-24, whersiy the separate recwrd polymuciestide is

formed by ligation.

27, The method of any soe of elaires 19-28, wherein the separate record polynucleotide is
released from said pciymph\ie tag and st é woigty tag.

e

28, The methed of any one of ok 7, forther compriting collveting sald sepamate
3

record pulymucleotide prior to assessing said separate record polynucisotide.

) ;\\
-4

i1

COMPTINes sequencing sa,ié collected s
thereby producing sequencing data,

The metliod of el 28, wherehn asvessing said separate record polymuclestide
! shaved &mqv@ wrdeonie wentifier (UMD snd/or bareode,

3¢ The method of any one of claims 16-29, further comprising con ﬁ&&iﬁ?ﬁa said eollsoted
separate record pei}mad“\ ides prior to assesging said separate recnrd polvancieatide.
21, The method of claim 34, wherein assoseing suid separate record polynucisotide

commprises sequencing said concatenated s&paz’zi soord polymuclentides,

32, The method ofany one of clabmos 1231, whereln in fornung the lnking struchure, Qszngk
paiyz%epime tag Is associated with a single sie of the polyy ; stide, a single polypeptide tag is
associnted with a phrality of sites of the pad yg’ssapmiv\,. or a phrs :\ig v of iias polvpeptide tags ars

assovisted with 2 phustity of sites of the polypeptide.
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33.  The method of any one of claims 1-32, wherein in forming the linking structure, a single
moiety tag is associated with a single site of the moiety, a single moiety tag is associated with a
phurality of sites of the moiety, or a plurality of the moiety tags are associated with a phurality of
sites of the moilety.

34, The method of any one of claims 1-33, wherein trapsferring information between the
associated polypeptide tag and the moisty tag or ligating the associated polypeptide tag and the
moiety tag forms 2 single shared unigue molecule identifier (UML) and/or barcode.

35, The method of claim 34, wherein the single shared unique molecule identifier (UMD
and/or barcode is formed by combining multiple sequences, e.g, multiple UMIs and/or barcodes
from the polypeptide tag and/or the moiety tag.

36.  The method of any one of claims 1-33, wherein transferring information between the
associated polypeptide tag and the molety tag or ligating the associated polypeptide tag and the
moiety tag forms a plurality of shared unique molecule identifiers (UMI) and/or barcodes.

37.  The method of any one of clairos 1-36, wherein, in the linking structure, the shared UMI
and/or barcode comprises a complementary polynucleotide hybrid, and dissociating the
polypeptide tag from the moiety tag comprises denaturing the complementary polynucleotide
hvbrid,

38.  The method of any one of claims 1-37, wherein both the polypeptide and the moiety are
parts of a larger polypeptide, and disscciating the polypeptide from the moiety comprises
fragmenting the larger polypeptide into peptide fragments.

39, The method of claim 38, wherein the larger polypeptide is fragmented intc peptide
fragments by a protease digestion.

40.  The method of any one of claims 1-39, whersin the moiety is a part of a molecule that is
bound 1o, complexed with or in close proximity with the polypeptide in the sample.

41,  The method of claim 40, wherein the polypeptide and the moiety belong to two different
proteins in the same protein complex.

42, The method of claim 40, wherein the moiety s a part of a polynucleotide molecule that is
bound te, complexed with or in close proximity with the polypeptide in the sample.

43.  The method of any one of claims 1-42, wherein the at least a partial sequence of the
polypeptide is assessed using a procedure comprising:

al}  providing the polypeptide and the associated polypeptide tag that serves as a
recording tag;

b1}  contacting the polypeptide with a first binding agent capable of binding to the
polypeptide, wherein the first binding agent comprises a first coding tag with identifying
mformation regarding the first binding agent;

cl)  transferring the information of the first coding tag to the recording iag 1o generate
a first order extended recording tag; and

di)  analyzing the first order extended recording tag,

i1¢
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44,  The method of claim 43, wherein analyzing the first order extended recording tag also
agsesses the polypeptide tag.

45,  The method of any one of claims 1-44, wherein the moiety comprises a moiety
polypeptide, and at least a partial identity of the moiety is assessed using a procedure
comprising:

a2}  providing the moiety polypeptide and the associated moiety tag that serves as a
recordigg tag;

B2} contacting the moiety polypeptide with a fiest binding agent capable of binding 1o
the moiety polypeptide, wherein the first binding agent comprises a first coding tag with
identifying information regarding the first binding agent;

¢2)  transferring the information of the first coding tag to the recording fag to generate
a first order extended recording tag; and

d2)  analyzing the first order extended recording tag.

46,  The rasthod of claim 45, wherein analyzing the first order extended recording tag also
assesses the moiety fag.

47. A method for assessing identity and spatial relationship between a polypeptide and a
modety in a saraple, which method comiprises:

a} providing a pre-assembled structure comprising a shaved unique molecnle identifier
(UMT) and/or barcode in the middie portion flanked by a polypeptide tag on one side and
moiety tag on the other side;

b} forming a linking structure between a site of a polypeptide in a sample and a site of 2
moiety in said sample by associating said polypeptide tag of said pre-assembled structure to said
site of said polypeptide and associating seid moiety tag of said pre-assembled structure to said
site of said molety;

©) breaking said linking structure via dissociating said polypeptide from said moiety and
dissociating said polypeptide tag from said moiety tag, while maintaining association between
said polypeptide and said polypeptide tag, and maintaining association between said moiety and
said moiety tag; and

d) assessing said polypeptide tag and at least a partial sequenee of said polypeptide, and
assessing said moiety tag and at least a partial identity of said moidety,

wherein said assessed portions of said polypeptide tag and said molety tag comprise said shared
unigue molecule identifier (UML) and/or barcods indicates that said site of said polypeptide and
said site of said molety in said sample are i spatial proximity.

48,  The method of claim 47, wherein the moiety comprises a polypeptide.
49, The method of claim 47, wherein the molety comprises a polynucieotide.

56, The method of any one of claims 47-49, wherein the polypeptide tag comprises a
polynucleotide.

51, The method of any one of claims 47-50, wherein the molety tag comprises a
polynucieotide.

i1



WO 2020/051162 PCT/US2019/049404

52, The method of any one of clatma 47-51, wherein, in the Hnddng structure, the polypeptide
tag and the molcty tag are associated stably.

53, Themethod of any one of claims 47-51, wherein, in the Buking stractiwe, the polypeptide
tag and the ministy tag are associated transiently.

3. Themethod of any one of claims 47-33, wherein, 1o the Hinking stnucture, the polypeptide
tag and the molety tag ave associated directly.

35, The method of any one of claims 47-53, wherein, in the linking structive, the polypeptide
tag and the molety tag are associated indirectly, 2.g., via 2 hinker or UM between the
polypeptide tag and the molety tag,

56, The method of any one of claimg 47-55, wheremn in forming the linking stracture, a
single polypeptide tag fs assoctated withea single site of the polypeptide, a single polypeptide tag
is associated with 3 phirality of sites of the polypeptide, or a pharality of the polypeptide tags are
associzted with & plurality of sites of'the polypeptide.

37, The method of any one of claims 47-36, wherein w forming the Hoking structare, a
single miiety tag is associated with a single site of the moiety, a single moiety tag is associated
with a plurality of sites of the molety, or a plurality of the molety tags are associated with &
plarality of sites of the moiety.

& The method of any one of claims 4737, wherein the formed inking structure comprises
single shared ynigue molecale entiBer UM} andiw barcade.

wOGh

Lo
e

. The method of any one of claime 47-57, wherein the formed Hnking structure comprises
a plurality of chared vnique moleculs identifiors (UM} and/ior barcodes.

0. The method of any one of claims 47-57, wherein the polypeptide tag comprises a first
polvanelectide and the mpiety tag comprise a second polyomuciectide.

61, The method of any one of claims 47-60, wherein, in the linking structare, the shared
UM and/or barcode comprises 8 complementary polynucleotide hybrid, and dissociating the
polypeptide tag from the modety tag comprises denaturing the conplementary polynucientide
hybrid.

§2.  Thewmethod of any one of claims 47-61, wherein both the polypeptide and the motety are
parts of a larger polypeptide, and dissociating the polypeptide from the moiety comprises

fragmenting the larger polypeptide into peptide Sagments,

63, Themethod of claim 62, wherein the farger polypeptide is Frammented into peptide
fragments by a protease digestion.

64.  The method of any one of claims 47-63, wherein the moiety is a part of s molecule that is
bound to, complexed with or in close proximity with the polvpeptide in the sumple.

112
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65.  The method of claim 64, wherein the polypeptide and the moiety belong to two different
proteins in the sume protein complex.

66.  The method of claim 64, wherein the moiety is a part of 3 polynuclestide molecule that 18
bound to, complexed with or in close proximity with the pelypeptide i the sample.

67. The method of any one of claims 47-66, whersin the at least a partial sequence of the
polypeptide is assessed using a procedure comprising:

a3)  providing the polypeptide and the sssociated polypeptide tag that serves as a
recording tag;

b3} contacting the polypeptide with & first binding agent capable of binding to the
polypeptide, wherein the first binding agent comprises a first coding tag with identifying
iformation regarding the fivst binding agent;

¢3)  tansferring the information of the first coding tag to the recording tag to generate
a first order extended recording tag; and

43} . analyzing the first order extended recording tag.

68.  The method of claim 67, wherein analyzing the first order extended recording tag also
assesses the polypeptide tag,

§9.  The method of any one of claims 47-68, wherein the molety comprises a moiety
polypeptide, and at Ieast a partial identity of the molety is assessed using a procedure
COmprisIng:

ad)  providing the molety polypeptide and the assoristed moisety tag that servesas a
recording tag;

b4} contacting the moiety polypeptide with a first binding agent capable of binding to
the moiety polypeptide, wherein the first binding agent comprises a first coding tag with
identifying information regarding the first binding agent;

od)  transferring the information of the first coding tag to the recording tag to generate
a first order extended recording tag; and

d4y  analyzing the first order extended recording tag.

70.  The method of claira 69, whersin analyzing the first order extended recording tag also
aszesses the raciely tag.

7i.  The method of any one of claims 1-79, wherein the assessing of at least a partial
sequence of the polypeptide and at least partial identity of the molety is performed afier forming
the Hinking structure between the site of the polypeptide and the site of the motety.

72.  The method of any one of claims 1-71, wherein the assessing of at least a partial

sequence of the polypeptide and at least partial identity of the moiety is performed afler the
J - GEIDE POIype; Y 18§

polypepitde 18 dissoviated from the mesty.

73, The method of any one of claims 43-46 and 67-70, wherein the contacting of the

polypeptide and the molety with one or more binding agents is performed after forming 2 Hnking
structure between the polypeptide and the moiety.
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74.  The method of any one of claims 43-46, 67-70, and 73, wherein the confacting of the
polypeptide and the molety with one or mors binding agents is performead after the polypeptide

~

ix dissociated Fom the moisty.

75, A kit for assessing identity snd spatial relationshup between 2 polypeptide and a moiety
in a sample, vomprising:

{a} one or more polypeptide fags and one or move motety fagy;

{b) reagents for fivming a Hnking stracture betwesn 2 polypeptide and & moiety in a sample; and
{c} reagents for assessing the ideniity of the molety and at lesst 2 partial sequence of the
polypeptide.

76, Akt for assessing identity and spatia relationship between a polypeptide and @ molery
in a saraple, comprising:

{3} one or more polypeptide tags and one or more molety tags;

{1} reagents for forming a linking structure between a polypeptide and 2 moiety 1 a saniple,
wherein the Hoking stmucture i formed ac o separate record polymucleoctide; and

{c) resgents for sssessing the identity of the moiety and at least a partial seguence of the
polypeptide.

T30 The ot of claim 76, figther comprising one oy mor reagends for analyzing the sepavate
record polymaclectide.

78, The kit of any ane of claimas 75-77, wherein the reagents for assessing the identity of the
modety and at least a partial soquence of the polypeptide comprises & Hbrary of binding agents,
wherein each binding agent comprises a binding moiety and 5 coding polymer comprising
identifying information regarding the binding modety, whereln the binding molety tv-capable of
binding to one or more N-termingl, internzl, or Cerminal arnino acids of the fragrosnt, or
sapable of binding to the one or piore N-terminal, internal, or Cterminal amine acids modified
by a functicnalizing reagest.

T A kit for assessing spatial relationsidp, comprising:

{2} a reagend for providing 3 polypeptide associated directly or indirscily with a polypeptide tag
and for providing 2 rooiety associated divectly or fndivectly with & molety tag

{5 a reagent for fmctionalizing the N-tenminal amine acid (NTAA) of the potypenptide;

{o} a fiest bloding agert comprising 2 fest binding portion capable of binding to the
functonalized NTAA and {e1) a fivst coding tag with dentifiring information regarding the first
binding agent, or {2} a frst detectable label and

{1} a reagent for tansferring the mformation of the firdt coding tag to the recording tag to
generate an extended recording tag: and optionally

(oY a reagent for analyvzing the extended recording fag or 2 reagent for detecting the flost
detectabie label.

&0 The kit of claim 79, wherein the ki additionally conprises a reagent for eliminating the
fanctionalized NTAA to exposs a new NTAA.

81, The kit of claim 88, wherein the resgent for climinating the functionalized NTAA Iva
casboxypeptidase or aminopeptidase or variant, matant, or modified protein thereof, a hivdrolase

11
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or variant, muatant, or modified protein thereof) mild Ed
TFA, a base; or any mmhmau on thersof

nan degradation; Bdmanase engyiae;

82 The kit of any of clairas 75-79, further comprising a support or subsirate.
83, The kit of claim 82, wherein the support or substrate iz & bead, a porous bead, # porous
watels, anarray, & glass surfhee, # silicon surfice, a plastic surface, a filter, a membrane, nyion,

&
& silicon wa&r cmp, a flow through chi ,;g . & biochip including signal fransducing electronics, a
microtitre well, an BLISA plste, a spinning mnterferometry disc, 8 nitroceliuiose membrane, 2

nitroceliulose-based polymer surfice, a na ﬂopdrtmﬁm or 3 microsphere.

£

e

84.  The kit of claim 82 or claim 83, wherein the support or substrate comprises a plurality of
spatially resolved attachment poinis.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D Claims Nos.:

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

3. K‘ Claims Nos.: 5-15, 19-46, 51-74, 82-84
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |, claims 1-4, 16-18, 47-50, directed to a method for assessing identity and spatial relationship between a polypeptide and a
moiety in a sample.

Group Il, claims 75-81, directed to a kit.

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

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

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

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

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-4, 16-18, 47-50

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

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
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Continuation of Box No. Ill. Observations where unity of invention is lacking

Special technical features:

Group | has the special technical feature of forming a linking structure between a site of a polypeptide in a sample and a site of a moiety
in said sample, breaking said linking structure, and assessing a polypeptide tag, thatis not required by Group II.

Group |l has the special technical feature of a kit comprising reagents, that is not required by Group |.
Common technical features:

Groups |-l share the common technical feature of assessing identity and spatial relationship between a polypeptide and a moiety in a
sample, a polypeptide associated directly or indirectly with a polypeptide tag and a moiety associated directly or indirectly with a moiety
tag, forming a linking structure between a polypeptide and a moiety in a sample, transferring information between the tags, and
assessing the identity of the moiety and at least a partial sequence of the polypeptide. However, this shared technical feature does not
represent a contribution over prior art, because this shared technical feature is taught by WO 2017/192633 A1 to Procure Life Sciences
Inc. (hereinafter 'ProCure').

ProCure discloses a method for assessing identity and spatial relationship between a polypeptide and a moiety in a sample (abstract; pg
1, In 12-14: "This disclosure generally relates to analysis of macromolecules, including peptides, polypeptides, and proteins, employing
barcoding and nucleic acid encoding of molecular recognition events.”; pg 1, In 23-pg 2, In 6: “In general, innovation has been lagging in
proteomics analysis relative to genomics analysis. In the field of genomics, next-generation sequencing (NGS)...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 proteomic information."), which method comprises:

a) forming a linking structure between a site of a polypeptide in a sample and a site of a moiety in said sample, said linking structure
comprising a polypeptide tag associated with said site of said polypeptide and a moiety tag associated with said site of said moiety,
wherein said polypeptide tag and said moiety tag are associated (pg 14, In 21-30: "a method for analyzing one or more peptides from a
sample comprising a plurality of protein complexes, proteins, or polypeptides, the method comprising: (a) labeling of the plurality of
protein complexes, proteins, or polypeptides with a plurality of universal DNA tags...contacting the plurality of protein complexes,
proteins, or polypeptides to the plurality of compartment tags under conditions sufficient to permit annealing or joining of the plurality of
protein complexes");

b) transferring information between said associated polypeptide tag and said moiety tag or ligating said associated polypeptide tag and
said moiety tag to form a shared unique molecule identifier (UMI) and/or barcode (pg 15, In 25-26: "wherein the compartment tag
comprises a barcode and optionally a UML."; pg 15, In 1-6: "(c) contacting the plurality of protein complexes, proteins, or polypeptides to
the plurality of compartment tags under conditions sufficient to permit annealing or joining of the plurality of protein complexes, proteins,
or polypeptides with the plurality of compartment tags within the plurality of compartments, thereby generating a plurality of compartment
tagged protein complexes, proteins or polypeptides"),

c) breaking said linking structure via dissociating said polypeptide from said moiety and dissociating said polypeptide tag from said
moiety tag, while maintaining association between said polypeptide and said polypeptide tag, and maintaining association between said
moiety and said moiety tag (pg 14, In 26-30: "(b) partitioning the plurality of labeled protein complexes, proteins, or polypeptides within
the sample into a plurality of compartments, wherein each compartment comprises a plurality of compartment tags, wherein the plurality
of compartment tags are the same within an individual compartment and are different from the compartment tags of other
compartments"); and

d) assessing said polypeptide tag and at least a partial sequence of said polypeptide, and assessing said moiety tag and at least a
partial identity of said moiety, wherein said assessed portions of said polypeptide tag and said moiety tag comprise said shared unique
molecule identifier (UMI) and/or barcode indicates that said site of said polypeptide and said site of said moiety in said sample are in
spatial proximity (pg 14, In 11-12: “analyzing one or more compartment tagged peptide according to a method of any one of the 1 st-21
st embodiments and 26th -61st embodiments."; pg 43, In 28-29: "The inclusion of UMIs in coding tags allows additional information to be
recorded about a binding event”; pg 72, In 12-15: "A macromolecule UMI can be used to computationally deconvolute sequencing data
from a plurality of extended recording tags to identify extended recording tags that originated from an individual macromolecule.”; pg 17,
In 24-27: “further comprising determining the identity of the protein or protein complex from which the analyzed peptide derived based on
the analyzed peptide's compartment tag sequence.").

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

Therefore, Group I-1l inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.

NOTE, continuation of ltem 4 above: claims 5-15, 19-46, 51-74, 82-84 are held unsearchable because they are dependent claims and
are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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