METHODS OF CREATING AND SCREENING DNA-ENCODED LIBRARIES BACKGROUND OF THE
INVENTION The burgeoning cost of drug discovery has led to the ongoing search for new 5 methods
of screening greater chemical space as inexpensively as possible to find molecules with greater
potency and little to no toxicity. Combinatorial chemistry approaches in the 1980s were originally
heralded as being methods to transcend the drug discovery paradigm, but largely failed due to
insufficient library sizes and inadequate methods of deconvolution. Recently, the use of
DNA-displayed 10 combinatorial libraries of small molecules has created a new paradigm shift for the
screening of therapdHEH RO FEIAEING ANPFEARAUENING DIRAENMC LD BBRAJHIfAtion No.
2007/0224607, hereby incorporated by reference) identifies the major challenges in the use of
DNA-displayed combinatorial approaches in drug discover :éjﬁiq;he synthesis of libraries of
15sufficient complexity and (2) the idAifiEas? o?gcgié Y@ﬁé@ﬂﬂ/e in the screens used. In
addition, Morgan et al. stafbs thatthingreater thepdibgreerphaomple iy whaitipsanych s tbe number of
distinct structurgs p [ I% t tl% r ba%ilit hat the libr ontajns molecules
with the activity§of irﬁ%ﬁ%ﬁ qf%%é t %éﬁ%%fs%%%%%% ?/ae%j%lnl I xr%ér/ﬁggfkﬁg i%s??%%%%%%apable of 20
producing vast nuniBelesEecipTatesrithiy anbbidlsriabid e fFambitsisrig) shemésitias been

generally successfulatigantifving metecwies wihdivarse ehemeinesanshbighalfiniy tdowever, a
number of issues hgve urfac“ed witl&,resg}ectl to ﬁgﬁ?ggaf[iogé? Iibnarigff of enormous com lexity and
evaluating the sequ%ﬁ%%@cgmﬁﬁ%"ﬁ GRS Eisiodaisit EgPe b8 purification of a
library 25following nmaftiglextcherhiod dfalzsforvlationsKecepiinshaly<36 DN atdpg)aand biological

wransformations (e g, B2 HdaNon: AhRNAJAGRLIS LHTREIPOMS, BAdERH In inca gnificant
amount of "noise" in the I|br$%/ due either to iIncomplete synthesis of molecu

| | cufes or to mis-tagging
during the ligation STEECTHRFTPTBrE{REUhTOMIPEREequencing that is required to interrogate selected

populations is striking, usnesky2requiting Parxigensration besmiapsiKe. rIhossichhenlatisr is due to
the fact that sophisticategr%g

netic tagging schemes emhedded in the DNA porti f the library,
together with bioinfOrmatics E.ijlg3 ﬁ?}?’,&% ?ﬁ%ﬁgi%fsngﬁtﬁgmﬁg% EMStatioh* g%q?ﬁ‘é%&@ output, are
required to sift throdghldyedroipéiesidriaentifpdsissim theg fifibrany: A3 deesulizavefilivithithete
methodologies sthe seauancings.SHll At arvansed fORYA %ﬁ&é&%&@@ﬁ&%é@%@%ﬁ{%@ of sequences

(representing both real hits and "noise”) from a given screen. DNA display of combinatorial small
molecule libraries réFEESHSHUITR i g Rorsershet shihbardhsraratibiif-Jeestgied to enzymatic
addition of DNA tagsifyaé-aticstidibaity the syothetiestepiand building bleskiiseth-Savaral (e.g., 3 or 4)
synthetic steps are typical rried qui. coded, and these include diversity positions (described
herein as A, B, andf &?Sl[gxi%?e uc %é%ggi%gﬁ%reﬁbﬁ%%ﬁ%Irlrrll(élleﬁﬁ&llféihwa o%ﬁétigﬁi ?g.g., amine or
carboxylate functioriPigrdupkusritts sberashicerpByed fioldbrratseishiay ok betaohibld tluilding blocks in

defined orientationgyrGaneismnieafas seafiplsb(Pushatis afendaer iheombinaiggal libraries is a

triazine e .
approach has been generally successtul at identifying molecules with diverse

chemotypes and high affinity. However, a number of issues have surfaced with
respect to generating libraries of enormous complexity and evaluating the seguencing
output on the scale that has been described. For example, purification of a Iibrary

25 following muitiple chemical transformations (e.g., usually 3 or 4 steps) and biological
transformations (c.g., cnzymatic ligation of DNA tags) is cumbersome and resulfs in a
significant amount of “noise” in the library due either to incomplete synthesis of
molecules or to mis-tagging during the ligation step. Furthermore, the amount of
sequencing that is required to interrogate selected populations is striking, usually

30 requiring “nextgeneration” sequencing methods. The latter is due to the fact that
sophisticated genetic tagging schemes embedded in the DNA portion of the library,
together with bioinformatics algorithms for analyzing the “nextgeneration”

sequencing output, are required to sift through the noise and identify hits in the



moiety, which can be orthogonally derivatized in three positions about its ring structure. The process of
library formation can be time consuming, products are often 15inefficiently purified, and the result is
that unknown reactions may occur that create unwanted and/or unknown molecules attached to the
DNA. Furthermore, incomplete purification of the I'garary can result in tags cross-contaminating during
the ligation steps, resulting in mis-tagging. The end result for screening and sequencing hits from the
library is that massively parallel sequencing has to be employed due the inherent 20"noise" of both
DNAs that are attached to molecules that are unintended (e.g., unreacted or side products) or that are
mis-tagged. Thus, therafficteneyeafiserrentingéselosthodoligisarite ngtandeg iasiilhitiator
oligonucleotide, fro | I I liRrapy, i ' i imer-bindi gion for
Dolymerase amplia e o ety S oL I St
oligonucleotide. Thill SGRErTRESNEN? BraBrREFEE - or performing polymerase reactions, owing to the
difficulty of melting the dupiex anglallendsgmtingrsaligonuriantiderieding and nitiatepolymerization,
which results in5an gn%[fg&n% 5??%1&@’ rggg]%i?% rxield b l1((1')-t to 1000-f0%{§r.m0rée ﬁ%There exists a
need for a moré steﬁ-wise :fppro%\c 6SsCreenlingr§’nC3 et ?ﬁléyg?ﬁté(ﬂ HSEUR ? tHive greater
potency and little tolas tosdditpot BVINDAR S IEPRTHEINMENTION:D. SeTheleasehbidyention

features a method fgs,grating,and sereanng-simplifiechDNAsencadertIbraries. @uing jo fewer

synthetic steps (e.g., nQ enzymatic Ilgatlon or no covalently closed initiator double-stranded

oligonueleotides) aff , Qi ‘ §e

l leotides) aRgS H8rLRSRET ey RagdloiEE: dlrithsise hrsaermet Meembisged
oligomers (herein tenieidg idesltifieriegionsiind Rusrseguerdingbasomessadehragig;efficient, or
alternatively, microarr lysis became ssible, taking into account the inherent biases that can
confound interrigl)retasf%%%ﬁ ?ﬁ%yglﬁ gaffﬁat %%%a%gee‘?nﬁﬁgghnge%%iﬁsa%% ﬁf%:eat%ﬁa%tfﬂt‘r?gsé r?c):%eding region. We
also have identifieden#etRls ¥ 4ceaffelstivg that OgyBenarsehvie sitytofattrghitadrenttiomszather than those

simply limited to aqpRQIs %ﬁ@ﬂ@&%&@ﬁ%ﬁ%ﬁ%@#ﬁr&ﬂqﬁ%@é}?{&{%ﬁ?958&9}&9Wobic and soluble
(6)

in organic solvents for subsequent steps of library synthesis. In this manner, chemical reactions can be
carried out with potétﬁ'ff’éﬂff‘higher yield, a greater diversity of building blocks, and improved fidelity of
the chemical reactions. 15Acposcingly jihrerpresantinvantemiteaitiesany etoacef raging DNA-

encoded chemigal I{pgﬂﬂg&ﬁyﬁﬁg'gg ' t[f tional gr of a bifunctional linker to an initiator
oligonucleotide at the 5" endof t e%n?ﬁaggol{?% iégjsgﬁd%rﬂe%étt?ggf% \gv ng?ﬁ!Li%lg fﬁm’a{f%?uéltlgaétﬁﬂeéfgotide forms a

hairpin structure, an@"AEHhEd Yeeting Tureslsrdey rbaghet thepRinttidhshinkerteacomisonent of the

chemical library. Thadpitiaten sdelignnuelesiide.mavdpsida adirstifientifiarsagion anda second
identifier region, sucih that tfle sccond identifier re |o(£1 hybridizes to the first identifier re%lon of the
initiator oligonucleotige” The Sacond daskifer t[re%l%ﬁ rﬁe%}?ﬁ A HEE 6 SRYSEARTIEGY &5 M8 uorophore

or OF?) or biotin lable Litrraam ¢hi tlom nheiselyqradal e stifiencegibasio hoteamiplifie duerine itheraalysis

following a selggtionsiep. FpnReraRAMITMAR EVERIAR AiER A MeHhgd of creating DNA-
encoded libraries by (a) creatlng a first diversity node, (b) encoding the first diversity hode in separate

vessels, (c) pooling THeAfisd i FRGGR OB HIF e SR e T30 80F RESE SRR SltyeABRISINGLO a
second set of sepatatesiessels, wherein the first diversity node reacts to form a second diversity node.

In certain embodiments, tpe 30secgnd diversity node.is no} engod}?d and, og ed.
I SOmeE Instances, an initiator oligonucleotice, from which the small molecule

library is built, contains a primer-binding region for polymerase amplification (e.g.,
25 PCR)in the form of a covalently-closed, double-stranded oligonucleotide. This
construct is very problematic for performing polymerase reactions, owing to the
difficulty of melting the duplex and allowing a primer oligonucieotide to bind and
initiate polymerization, which results in an inefficient reaction, reducing yield by 10-
to 1000-fold or more.
30 ‘There exists a nced for a more step-wise approach to screening and identifying

small molecules that have greater potency and little to no toxicity.



In another embodiment, the present invention features a method for creating libraries using semi- or
non-aqueous (e.g., organic) chemical reactions with higher yield, a greater diversity of building blocks,
and a greater number of chemical 4 reactions that can be used to create more DNA-tagged
combinatorial libraries than previously achieved. IQ general, the methods of the present invention
provide a set of libraries containing, e.g., one or two diversity positions on a chemical scaffold that can
be 5efficiently generated at high yield, screened to identify preferred individual building blocks or
combinations of building blocks that reside at the, e.g., one or two diversity positions, and iteratively
diversified at, e.g., a second, third, and/aUdivitRii/edE iHFERIORNG Edate molecules with improved

properties. In addition, therpethods flesciibed herein auﬁwdf%%%%m\g&@mgémﬁmana'ysis of

the selected 10 compounds having a desired biological property, which, in turn, allows for related
compounds with farAr SRRGEedHP eIt OHEnTdS 6758 Taahitte aices ¢, strecarensnigriemgionships).
By "scaffold" is meanta-elhenicabadiety.whithislis playadivasitynaaais) Ma pariowar special
geometry. Divegsity node re typically attached to the scaffold 15dyring library synthesis, but in
some cases onge dl\%%??ﬁ%? e% (S':%/mn leseit ggﬁég’ Foaﬂ?tl Ssléé’ﬁg’{‘a eﬁlr‘igret%(]?f%él}lfr 3%’1 eé%i%e%?a ., addition
of identifier regions)idensdmecaiobstyinimsethvenstadiidom aarveltivod: sfittidaitatit can be orthogonally

deprotected during A&?J&@ﬁ@éd?}'ﬁﬁéééaﬁ‘zag stbseoyenty eacipt wibsitierert diversithnadss (6.9.,

[ By "Identifier r%gion" Is meant the DNA tag portion of the

using identifier tagging at each stel%). : ) ]
library that encode%’ﬁf&sﬂﬂﬂb‘fﬁ'bcﬁ eRegdefemretinmefitiafite that gydsiintiedusrg Siucleotide” is meant

the starting oligonuetegiittedon kb taryydihg siginhichcdso aaniadeaidiebratenilyratiaehed linker and

functional moiety fo ition_of a diversity node.or scaffold. The oligonucleatide can be single- or
double- 25$tra?1%ea§fr$%%o i‘(i:]%sr%t e‘iqleg% %iéégﬁeﬁ%nosq%{ %ﬁa Ura S?err%nd)l#gl%%a%%g.meoﬁy "functional
moiety" is meant a eprehtieas ineiedyr ceriPridivgcodeddibravrabiifdifnyiiidukstd avledie be selected from

any small molecule g dlesignesand hulthased.on siasired sharsteristiss aluionexamplg. solubility,
availability of hydrogen ,bondag%lors and acceptors, rotational de#ﬁgges of freedom of the bonds,

positive 30 charge, FagS & RS AR A RO SR M AT o Rt BEEg Abatible with
chemical modificatibmigighblheltsitarebictprontid thielwadte cacilrieertati@mbodiments, the functional
moiety can be;reacted further [ I | lonal (or dreaten). entity..Eunctional moieties
can also incluclje buildin é??&%%ﬁgggggégg _alt (]égzgr%(}og? E%%Spﬁ)\?g{s}?%é ﬁgﬁ%g?ﬁé Ip’):I”(‘)hlsnions, Examples of
building blocks andeéi%??&'ﬁ’@e@ﬁ?i ihsienbyrbinstnmarap dangtiong grospef e hjfustdnsdiaker Application

Publication No. 2004/&22466 hiptehyiéecasreiated iy rafarense. & ibuldinghlockhdsmeant a
chemical structural %nii which iP linked to 5? r chemical structural i}nits or can be |inked tg other

the
such units. When tHe G Sh A SRS I B SIMIHIE P ARJBICHEse 2 P BERE A GBI M
monomeric units ofgteapolymdifonaiigehtiekeBuildmgmblocksofalre alsmingd| littey. sTh#faldistsucture (e.g.,
a scaffold building bigelo o biethis, AUIGA0 ARG AR AL e ANk HGHES (¢.0-
P

peripheral building blocks). The building blocks can be 10 any chemical compounds which are
complementary (i.e>tHéBUiFs BId D TTGEr seoandrsiies i tBg Smertaibrriesisn ot ilife comprising

two or more buildinginlacks)igonucleotide. The second identifier region may include a fluorescent tag
{e.g., a fluorophore or GFP) or biotin label. In addition, the second identifier region is
not amplified prior to analysis following a selection siep.

25 [n another embodiment, the invention features a method of creating DNA-
encoded libraries by (a) creating a first diversity node, (b) encoding the first diversity
node in separate vessels, (c) pooling the first diversity node, and (d) splitting the
pooled first diversity node into a second set of separate vessels, wherein the first
diversity node reacts to forin a second diversity node. In certain embodiments, the

30 second diversity node is not encoded and pooled.

In another embodiment, the present invention features a method for creating
libraries using semi- or non-aqueous (e.g., organic) chemical reactions with higher

yield, a greater diversity of building blocks, and a greater number of chemical



Typically, all of the building blocks used will have at least two reactive groups, although some of the
building blocks used will have only one reactive group each. Reactive groups on two different building
blocks should be complementary, i.e., 15 capable of reacting together to form a covalent bond. By
"linker" is meant a molecule that links the nucleic Qcid portion of the library to the functional displayed
species. Such linkers are known in the art, and those that can be used during library synthesis include,
but are not limited to, 5'-0- Dimethoxytrity1-1',2' -Dideoxyribose-3 '4(2-cyanoethyl)-(N,N-diisopropyl)I-
20 phosphoramidite; 9-0-Dimethoxytrityl-triethylene

glycol,1-[(2-cyanoethstli¢h Ridiisopropyti {plrosphoamitits:tagged combinatorial libraries than
3-(4,4'-Dimethoxytrityloxyiprapy:lyi4(2-cyanoethyl)- (N,N-diisopropyl)]-phosphoramidite; and |
8-0-Dimethoxytritylnexaethyleneglycol,1- [(2-eyanoethyl)-(N,N-dilsopropy01-phosphoramidite. Such
linkers can be added in taﬁ‘&féﬁ?%%é‘?fé‘%%?%ﬁpﬂﬁé?@ﬁt‘%ﬁﬂ%?ﬂﬁ6ﬁ a6 yeAtkRtatiiskers of different
25desired lengths. Bysthiranched tinkertis dieasion prolres lenthakdinksithamualeis agid-position of the
library to 2 or more identical, functional species, of the library. Branched linkers.are well known in the
art and examprlr}é% CS%%S#SE‘YST%O rsaéﬁc%.'r%e}il ¢ or %é%ﬁ?%rieetri%:od%%%’lﬁrgrff rlgé]dréylg}l%{\g Hetric trebler
(3). See, for examphioukiewsombirtiahs Ddndldiie Motse thesreSidneeibts c SymilesiswP drepsittives, VCH

30Publishers (1998, BoussibAtiah R aNat a8 6. USA.92:73 377304 (199R) and Jansen et

al., Science 266: 1226 (1994).  As used herein, the term "oligonucleotide” refers to a polymer of
nucleotides. The olRFSHRIESHEA IS SHERAED Ry sthr orsivetive addiea kiowelindhe art that 6
can be synthesizeddangibebickfein hase-pairecagritiomdbe-aligeatseaticendostaed have to have
contiguous bases, hut can be,interspersed.with linker moieties, The oligonycleotide polymer may
include natura nuc%%n |alé%%ebag‘f%c?e%r%gﬁgl%%ﬁzgiﬁléﬂ,palﬁ ’n%%ll%ﬂé,’%%/Lﬁair%%ﬁﬁglﬁégﬁg xyadenosine,
deoxythymidine, detsiyipads itk fmid2 deestyajticironshins ¢obiddeatifitdds. £e gudaminoadenosine,
2-thiothymidinc, inoﬂm@pﬂﬁg@mﬁgpidine, 3-methyl adenosine, C5-propynyleytidine,
C5-propynyluridine, C5-bromouridine, C5-fluorouridine, C5-iodouridine, C5-methyleytidine, 7-
deazaadenosine, 7-deazaguarbsmie, 8-B5TLdeh6HTa! B STuAbSRs Gy srethydeEh e, and
2-thiocytidine), cheapeslbnimcgified pasesybitlogicailynddiepsifiegibasestrigd matbylateddases),
intercalated bases, Ifi Ow. .2:- fluororibose. rihose, 2'-deoxyribose, arabinpse, and
hexose), and/i? mo(g‘k?éj% 1&?%?&%@%%?@3%%"(53& eBﬁ%”éB %ré%ﬁlr(snﬁ gg%n%hﬁ\égﬁﬁggﬁ%ﬁ%ﬁmidite
linkages). By "operstAfEIF imiasde [bisesndieatsiioe chdditienlostdratifesregioninkde somether in such a

way as to remain ligkgddhrenighitheyariaus (aanipulationsihey éﬁ?b%%%@?&ﬁ@@ﬁ@e&if&&!ﬁ@- Typically,
the functional moiety and I.Qe enco inigS olig;orLucIeoti e are linked coyalently via an appropriate linking
an 5 t@

group. For example, AR § PARSTRIRY B S MIFHE A SHAT YOS Withr bl s oF ARdehifént for the
encoding oligonuclestidecanifiarditezofezattastingeni.for the functional moiety. By "small molecule"” is

meant a molegyle that haﬁ?“‘f@%ﬁﬁ‘éﬁ@&&@@@@éﬂi’%he DNA tag portion of the library that encodes
the building block addition to the library. _

By “initiator oligonucleotide™ is meant the starting oligonucleotide for library
synthesis which also contains a covalently attached linker and functional moiety for
addition of a diversity node or scaffold. The oligonucleotide can be single- or double-

25  stranded. The oligonucleotide can consist of natural or modified bases.

By “functional moiety” is meant a chemical molety comprising one or more
building blocks that can be selected from any small molecule or designed and built
based on desired characteristics of, for example, solubility, availability of hydrogen
bond donors and acceptors, rotational degrees of freedom of the bonds, positive

30 charge, negative charge, and the like. The functional moiety must be compatible with
chemical modification such that it reacts with the headpiece. In certain embodiments,
the functional moiety can be reacted further as a bifunctional or trifunctional (or

greater) entity. Functional moieties can also include building blocks that are used at



20 about 1000 Daltons. Small molecules may be organic or inorganic, and may be isolated from, e.g.,
compound libraries or natural sources, or may be obtained by derivatization of known compounds.
Other features and advantages of the invention will be apparent from the following detailed description,
the drawings, the examples, and the claims. 25 BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is
a schematic illustrating the diversity positions A, B, and C. Fig. 2 is a schematic of a DNA-encoded
chemical library member of Mode 1, showing, in part, the initiator oligonucleotide, which includes a
hairpin structure 30 complementary at the identifier region, which has been reacted with A and B
diversity nodes. TherndehtlfiehvegibnifsieBoisposimgaddeh et hiShigune: thelCindivarsiiyignode is the
potential position foAR addtnaLAMErPIRRASHiEn (e agdedfallowing e g g&als?in%ddent'f'er
region. 7 Fig, 3.is a schematic of a DNA-encoded chemical library member of Mode 1, showing,
in part, the initiator OfySRERFataR7- el ineripratedduoisERe’s the loop region of the hairpin
structure that can serve aga-piinuRidRHIYy agion {ehamplifigaiian.aiig uﬁl&%ﬁﬂt@m@tlc of a
DNA-encoded %hem{EaI I@rarg mem erlof ode 1, S é’\ﬁi rgggt art the |n|t|a\g) igonucleotide, which
includes a non-complementa ryas‘o’eltﬁquﬁe"lrlﬁaceu][cl)nSt%rCe?‘jn f ﬁre%uﬁ e to bind a
second identifier re@mmmmbmhea’f}pmlynhﬁn@m|mbg¢menzmmhm@iwbibnksl-‘ag theimarsoheimatic of a
DNA-encoded cherqigal dararymeimies GaLiRrest:tfishavino. R faltlhigiiilialgs,gligonucleotide.

wherein the loop region of the initiator ollgonucleotlde and at least the identifier region on the 3' side of

the loop region can’S8RAET&R LR BuddinpRierkHamhilysniidephectipsicd eBecBiraits a second
identifier region. addlﬂga}&ﬂﬁlaﬁeh@fgaﬁquﬂ]%%@mgf&aﬂw dﬁbeﬂa&gmm@ﬂ@i@&presented

15in Figure 5. 1Fa:g 71is scpc% C%%: of lc}?n%%g%d cgl%rqlcal Jlbl‘?h & ? okoode % showing a
hairpin oligonucleofide that i covaPeHﬂy c‘ivo R S AT eurlnlcaﬁlyioC *HE4i%al end to
the linker. F@Digﬁ@raasthﬁmmmmfﬂammemmemm tibrame ingldibg bekMbde 2,

20showing the incl gfyagqimqn@bgm{gmmd%g; Rals atim@m%%ae&% RNfgncoded

chemical library member of Mode 2, showing the steps for screenlng of libraries and methods for

deconvoluting the iBBARHET SEBFHIBE Ryl 4D lodsHISATAY SRUGVRRY BRGSHENSOHAYR §8Bd in library
synthesis. 25 Headamew(d-g?duwasmdlﬂﬁﬁtmd HayldiE RMAsandallPlC phisibadnidrroles indicate the

site for BvaI stri¢ lgg L dt) vCI or Nt B Cl nlcklng digest. Sequences of the DNA
1eGELA &lg& ok
tags Al, BI, an Cl (t paan ottor%gst% é;r(l)g %OF? primers, and the 3' end of the HP are
also shown. By “linker” is meant amo eculc that links the nucleic acid portion of the

library to the [unctional displayed species. Such linkers are known in the art, and
those that can be used during library synthesis include, but are not limited to, 5°-O-
Dimethoxytrityl-1°,2’-Dideoxyribose-3’-[(2-cyanoethyl)-(N,N-diisopropyl}}-

20 phosphoramidite; 9-O-Dimethoxytrityl-triethylene glycol, 1-[(2-cyanoethyl)-(N,N-
dusopropyl)]-phosphoramidite; 3-(4,4"-Dimethoxytrityloxy)propyl-1-[(2-cyanoethyl}-
(N,N-diisopropyl}]-phosphoramidite; and 18-O-Dimethoxytritylhexaethyleneglycol,1-
[(2-cyanoethyl}-(N,N-diisopropyl)}-phosphoramidite. Such linkers can be added in
tandem to one another in different combinations to generate linkers of different

25 desired lengths. By “branched linker” is meant a molecule that links the nucleic acid
position of the library to 2 or more identical, functional species of the library.
Branched linkers are well known in the art and examples can consist of symmetric or
asymmetric doublers (1) and (2) or a symumetric trebler (3). See, for example,
Newcome et al., Dendritic Molecules: Concepts, Synthesis, Perspectives, VCH

30 Publishers {1996); Boussif et al., Proc. Natl. 4cad. Sci. USA 92: 7297-7301 (1995);
and Jansen et al., Science 266: 1226 (1994},

As used herein, the term “oligonucleotide™ refers to a polymer of nucleotides.

The oligonucleotide may include DNA or any derivative thereof known in the art that



Fig. 11 is an electrophoretic gel (TBE-urea (15%) gel electrophoresis; UV 30shadowing on a TLC
plate) of the headpiece at different steps of its synthesis. Headpiece HP (IDT DNA) was acylated by
Fmoc-amino-PEG2000-NHS (JenKem Technology USA). Lane 1 is the HP (IDT DNA) oligonucleotide
(42 nts). Lane 2 is HP acylated with Fmoc-amino-PEG2000-NHS. Following Tris-HC1 addition, some
8 deprotection of Fmoc is observed. Lane 3 is the crude reaction with piperidine, showing complete
deprotection of Fmoc. Lane 4 is the same as Lane 3 after desalting on a NAP-5 column and
lyophilization. (XC: xylene cyanol (migrates as 60 nt DNA); BPB: bromophenol blue (migrates as 15 nt
DNA) 5Fig. 12 is a $ehematibesived/ing tsedSespesemmipersbiibiaey syhtvdisienDifadednsoamjugated to
amino-PEG modifiegaaadpiecedhitob) indhe sl atepi-RoUauing whis sieR Ropertiongf HP-1-DTAF
was further acylated with pentylamjno-biotin., Fig. 13A is a scheme of the ligation of the DNA tags.
Fig 13B illustrates & B9 UdIBLRRgLIBF IS IS FAFIBIGAN SIS 46 (Fifeer8fnss SYINEIENA tag
ligation. 10 M: marlgeanbsine ¢ytith:d -Diiife; Biotipadsansn2; déoTavinianty; ddregdadosintagsl A, B, and

C, as well as 3':end, aligq ligated. Arrow indicates bright green fluoresc DTAE). No substantial
separation is ogsegl/eeoégégﬁ'lﬂ #1% %(?e?ﬁgegosi%&%gﬁg%gé% né’r%%ﬁﬁé%ﬁb%%ﬁgy}%%s yof ?ﬁlenelfgation
reactions. M: mark@¥ iohestipadiadsiroeil adaasiecr anphfickiodiet. i resnvilubhiescent band
from Lane 1 of Fig.d4B 35 4RiADTARbIo I 25 Adang:2: PCR-ampliigation of the green
fluorescent band frgm Lape 2 of Eig. 13M¢1-DTAF-biotin_+ all 3 tags and 3'-end oligo); Lane 3:
PCR amplification SFH S iy AfoH P 8XEEsH 1 PO BIRESBGHROF RIS Lane 4 no template
control. Fig. 14 is a(¥é}-ofceigiinapharatit Hidlis shidwingethenjpalifi eatibfiedfties XGhegiv 20 model
compound angymodel ' [ inding 4 Cti n_the biot i f thg, XChem
model compog?wllml1 agﬁ%dz%g&%%%% .,%%%%Qg%% A%éi’;‘%?%% I%E’%%%em Sgité%v%}%ﬁg%é@%r?nﬂing buffer.
Gels were scannedf6rgjiaess- il sé efeex vidhaec et bOinh raddiewig) rakqs magdishowing synthesis
and purification stepsospRiepiempere; Mixesrihioadingbufiar gredheilad v maskess Lane 1: HP-1 +
25 DTAF; Lanes 2 and 2@ I—j‘P-l-D.TgF Z{Qﬁi tin g]\f?yo irgle_ endent reff\ctions); Lanﬁs 3-6 (steps of
purification/model selectioh uShHSTSYEBtEViEHn BIIAMHEAILS FAFE S NS tigH K &he 4: last wash
(washed with watet@Ee8eC fordilaminute$) rtraneditkanthiSugiutiomanitis 25umM EDEAay 8RC (1" and
fd); Lanes 6 ajel 6 lution with25.mM EMA2nd BIMNAIA 990G RBe2S)- Fig. 148 is a el
showing binding 30 of HP-I-DTAF-biotin ("library of 1) to streptavidin Samples were mixed with gel
loading buffer and AR Rside 376 Ak e Bl SHth ST AR PSRRI & GHN B KHTERy. 14A, were
incubated with an exc&sging siteptavidir HbFauAMNakeld0mvkifie biGlagthdOfiond 0 minutes. "S"
indicates the addition g&gtrgﬁg%\r/}iq:i}g. %’g\am es % ng‘&%cgj V%%{?o?ﬁ%'?d E:% et er Je ne 1. HP-1-DTAF,;
Lane 15: HP-1-DTAF ¥ st%eptawaln;q_ane Ei-flgf -biotin (desalte ;;i_ane1 S: HP-1-DTAF-biotin
+ streptavidin; Lane 4: lagtywasii{wedtrads Witmesatar raels0d: fbatliturai mefies)ar swizttSielast wash
sample + streptavidinuk 206 DfioRQOEH, SYBRIS e nRy @ea&gaﬁ'i&%h{ﬂe{géﬁ@}%ﬂe%ge@ streptavidin
beads, purified and selected HP-1-DTAF-biotin; Lane 5+65'; purified and selected HP-1-DTAF-biotin +
streptavidin. Note tﬁﬁ%fﬁ‘é?éo@’ﬁcgﬂ@@@ﬁﬁg iR ESHE P MR G RIS L e aRtErsdthe steps of
"library of 1" synthesisviigntibAGlismmélacagpsosdésgel of headpiece (Trilinlc) HP-T, reacted with DTAF.
Lane L: Marker, Lane 2: RAFwa06. 3211 RTAF Ll pansl L\ sualizedion el he ge!
(ethidium bromide staining); Right panel: same ge scanned for Hluorescerice at excitation wavelength
450 nin (green, fludréseans)detigled dersmaphon 2be SpSHH PggaagatontAcIbsdaiNiing buffer, showing
binding of HP2E-DTAF- biotin to streptavidin. Samples were mixed with gel loading buffer and directly
loaded onto the gel without boiling e in the gel of Fig. 14A, were 15 incubated with an
excess of streptavidin in 50 mM Nmmaﬁpﬂéﬁﬁf? ?@%P%WM& Lane 1. DTAF; Lane 2:
HP-T-DTAF; Lane 3: HP-TiDT Ak schtregiavidiratian ¢4 dHEsTypoaketiotiB(cdeddlted); Lane 5:
HP-T-DTAR-biotin + strepigyisly.gne.ipapladhaplen . fonfianihfulelion fraciags from

streptavidin beads, purified and selected HP-1-DTAF-biotin; Lane 7: purified an ected
HP-1-DTAF-biotin 0B B1f NSRS CR EEREIFRI&F thbi gy Hieladss dhHETR SHEERE for the 17
RNAP 30 complementary at the identifier region, which has been reacted with A and B diversity

nodes. The identifier region for B is being added. In this figure, the “C” diversity
node is the potential position for an additional diversity position to be added

following the addition of B identifier region.



intracellular delivery experiment. The VH dsDNA clone was PCR amplified to append a Bsml site at
the 5' end upstream of the 17 promoter. Following restriction digestion and purification, the construct
was ligated to HP-1-DTAF-R7 (headpiece 25modified with DTAF and (-Arg-cAhx)6-Arg peptide). Fig.
1513 is an electrophoretic gel of the ligation reactipn. Lanes 1 and 2 show different 1-1P-1 samples
ligated to VH; Lane 3 shows unligated VH PCR product; and M is the marker. Fig. I5C is an
electrophoretic gel showing validation for 17 promoter activity. The gel shows a 17 Megascript
(Ambion, Inc.) reaction using samples from Lanes 1-3 of Fig. 15B. 30Fig. 16 is an agarose gel
clectrophoresis of the stepsgir? ibraahataiOosypdihdsinfided Grndal disayaroskegef diddeddpiece
(Trilink) HP-T ligateg\thotag Mrl-ARenki Matifhraredec HRnls bangid: . éﬁ‘ﬁ@@ﬂ?ﬂl@ﬂb ane 4: HP-T
ligated with tag A; Lane 57 HP-T figated with tag A and desalted on Zeba column, Fig. 163 is a 2% 10
agarose gel of HP- TRt TR STyrtuic et Sys s vE 478 MR Rding sedfand 9: HP-T-A; Lanes
3,4,5,6,7, 8, 11, kapkBcakibnl5 and 16: HP-T-A ligation with tags Bl- B12. Fig 16C is a 4% agarose
gel of the pooled library (Igagar . B), with tags. B1-B12 ligated, . after reaction with cyapouric
chloride and an%nes BI-BDRS Basr(%efaﬁ?a?fére;’ e :#%P?ﬂﬁ-n,&fcﬁﬁ%%y ﬁB%?ﬁ-@Q{)OO ed and
desalted on Zeba c#loning. DETAhERRESORIPIIEN OFTHE INVENT rONCThielpresent invention
features a number efmsthagsiienidentifyingRne.al- b asasompannds et pind.ig:a biological

target. The methods include s&gthesizing a library of compounds, wherein the compounds contain a

functional moiety h&AIG Sh& GRS BREALRD HERHE Y8R Rnal moiety of the compounds is
operatively linked to an inftigt6rioligarucigotifie that identifie sthiei aif lictare o thefofniclidaal moiety. In
summary, Mode 1 rovides;a number,sfmeliods iaRreacrve.the double 45 stianded gharacter of the
dsDNA during library syntiiests, which is important urlng’t‘ﬁe chemical feattion step, ané can be used
(as shown in Figs. 2l@proeigetiisratih et gsfohwvsaiiersisersdeshrodele (Fislorrorainticivates one
node of diversity andrusesighairRinoaliganselastide tabisqovalenthy sloseshisd - Yiasadairpin or
chemically) on the distal end to the linker. Mode 3 provides methods to create libraries with one,
20two, three, or maftEHEHEE 8 Biversity. Modes 1, 2, and 3 are described in detail below. Mode 1 The
present invention feature¥ a.rhéthodifanide nfiBiifgondfbmtveref 2xchairpouncs:thatisisehtala biological
target. The mq@odimé{gg%_synthesizing a library of compounds, wherein the compounds contain a
functional moiety having no greater than two diversity positions. The functional moiety of the

compounds is operativelyfiigkél todismtiatirdiyéntnaedsddd eratabidhianenend sl Mans &f the
functional moiety bymarevieingpsolution cORiAIB Mg A Ritiatar cermraypds 307 harnitigtor

oligonucleotide includes a linker |_ (e.g. po({lyeth lene glycol) with an integer of one or greater, wherein
S b

the initiator oligonu(c: sotiges contam & arnoie y that includes A building blocks attached to L

and separated into A 11 feadtiore vdeseiticwhefgimAnsand stegacab fitwaromgrésterf Midch.is
operatively linkgd tg}g@jgg{ﬂgqﬁgu%glé@l&%i@&jyp%igg(gigg&ghe A building blocks.

Fig. 9 is a schematic of a DNA-encoded chemical library member of Mode 2,
showing the steps for screening of libraries and methods for deconvoluting the
identifier regions.

Fig. 10 is a schematic showing oligonucleotides used in library synthests.

25  Headpiece (HP) was synthesized by IDT DNA and HPLC purified. Arrows indicate
the site for Bbv(l restriction (underlined) or Nb.BbvCl or Nt.BbvCI nicking digest.
Sequences of the DNA tags Al, B1, and C1 (top and bottom sirands), the 5° and 3°
PCR primers, and the 3° end of the HP are also shown.

Fig. 11 is an electrophoretic gei {TBE-urea (15%) gel electrophoresis; UV

30 shadowing on a TLC plate) of the headpiece at different steps of its synthesis.
Headpiece HP (IDT DNA) was acylated by Fmoc-amino-PEG2000-NHS (JenKem
Technology USA). Lane 1 is the HP (IDT DNA) oligonucieotide (42 nts). Lane 2 is
HP acylated with Fmoc-amino-PEG2000-NHS. Following Tris-HCI addition, some



In some embodiments, the A building blocks can be further derivatized through a common node S. In
other embodiments, A is subsequently transformed 5with S, S being a scaffold molecule that allows
further nodes of diversity introduction. In some embodiments, A-S can be screened directly,
representing a single node of diversity. In other embodiments, the A-S reaction vessels (e.g., which
may first include a purification of A-S from starting materials) are mixed together and aliquoted into B
reaction vessels, wherein B is an integer of one or greater, and reacted with one 100f B building
blocks. A-S-B, still in B reaction vessels, is in some cases reacted with a C building block, where C is
an integer of one, isieiedhren{d BwjEcbitecd. dotynians Zationdsrigdiforridaptioridising B primers, in
which the B primer%mw%i&ﬁﬁﬁaeee&ae&im@%&e BiRuilqindblagks i festan. sphagdiments, A-S

can be an integer of one, In one embodiment, A- 15S can be linked directly to B initiator
oligonuclemides, a8 fNOWInGHBRRRRY Srophuizdiery sidckeylime el digaeisreThkad Hieertain
embodiments, the A3 Boraisbphensybire (BirepresentsiBNm)y diversity node, is screened directly,
representing a slngle nod%qfﬁlversn}é. In othﬁg emb&dlrpents th%e’f‘h%EB mIth}JjI;gi wher B represents

the only diversity node, is _sﬁbsela&esﬁ _?/méa]tll(ﬁ:usote"’gﬁﬁtoeé ?8%3; ’iomr? vesse sr:? %’treac ed with C building
blocks, and subjecteésteraiesisd tsteamtpbRprapidake heodhigat oifdanite lsingsp giatersidn which

the C primers differ;jp.sequepsaiangridentifythe GLwWidiRgRIasks wit ﬁ@@ﬁ%&ﬂ@ﬁ&ﬂgiment& B can

be an integer of one and A-S isgr_eater than qne, in which case A-S, now, derivatized with § is
aliquoted into C reaction y&sse1s. 1B&SRERGR T EBHfAA GRHBDKS By Y80k duYerssddiib strand
polymerization reactigrosssgeboCHIrHRBBA M hidhishitheGuptiffsess: differdnisepdenes dpgtiwentify the C

building block OThiﬁdgf%g&&?! E%?Q)‘IIQQWA%%%HQ;? aé% %qgl,yq‘g aﬁ?gg}gion? déégr]sg%ggsdgs (e.qg., D,

E, F, etc.) so that the first diversity node is reacted wi ilding S'andfor S and encoded by an

initial oligonucleotid®, a¥fi¥eds reclirgioten! ipkstRsas el andindaten drigli seerudhiogiveassiey node is

derivatized by building hiocks whighisererdady theRUme! wsed fartheyeolymesieation or ligation
reaction. In certain eg:nbodir&gnts an.integer. of O(T}% B can be an integer of one, and C

.A.can be,
initiator oligonuclecfiBBL EPE .C,ng%‘,’afg‘ﬁg%ﬁ%"%r@%%t PR eTaRsaeds 18%med in C
reaction vessels, relasted: WitR eplifcitgibidaks garvd Scoemnad dinddtiym LanknlcerFagn ldibodiments, S

is reacted first)with Eﬁ@-mm-eﬂ%nﬁ%lggoﬂ%ﬁ@%Asc%%ﬁa 100568 Gl Redmosfio Q50 On) are

subsequently reacted. 5In certain embodimeénts, A, B, or C (e.g., or D, E, F, and so on) can contain

sites for additional dRFErERyA AGEES. 9f Hits I3RHE RSB ihkrhigh géy‘l@)? YR8 Lend<ttdk needed to

introduce additional diversityrespsficatidn MR erbodimant dheidnitatar oligankiekaotidg includes a
hairpin structure com gl_egngenial%%t thF ident'fiqr region (Fig. 2). The identifier region can be, e.g., 2 to
10100 base pairs in‘t ‘hgfh, pre era]BR/aéet%OE Base pairs in length, and most preferably 6 to 12 base
pairs in length. The initiatdtolidonacttofidedartierdickeodavdpg thermerifivahen obibe édibenof the

hairpin structusg thaf SANIIING.AS APHMEN MRAING reianiohARIficalian dRidehsHshhat the
primer binding region has a higher melting temperature for its complementary primer (e.[g;S, which can

include flanking idefEY $51s FaofthECRBAIEI IS YiSRIa KR, The gelsare 4-12% S

NuPage gels with MES running buffer. Gels were scanned for green fluorescence
using a 450-nm laser. Fig. 14A is a gel showing synthesis and purification steps.
Samples were mixed with loading buffer and boiled. M: marker; Lane 1: HP-1 +

25 DTAF; Lanes 2 and 2a: HP-1-DTAF + biotin (two independent reactions); Lanes 3-6
(steps of purification/model selection using streptavidin Dynal beads): Lane 3: flow-
through; Lane 4: last wash (washed with water at 80°C for 10 minutes); Lanes 5 and
5" elution with 25 mM EDTA at 90°C (1% and 2"5); Lanes 6 and 6’: elution with 25
mM EDTA and 5 mM NaOH at 90°C (1% and 2"%). Fig. 14B is a gel showing binding

30 of HP-1-DTAF-biotin (“library of 17) to streptavidin. Samples were mixed with gel
loading buffer and directly loaded onto the gel without boiling. Samples, as in the gel
of Fig. 14A, were incubated with an excess of streptavidin in 50 mM NaCl/10 mM
Tris HCL, pH 7.0, for 10 minutes. “S” indicates the addition of streptavidin. Samples



In one embodiment, the loop region may include modified bases that can form higher affinity duplex
formations than unmodified bases, such modified bases being known in the art (Fig. 3). The initiator
oligonucleotide can further include a non-complementary sequence on the 3' end of the molecule that
can serve to bind a 20second identifier region for gither polymerization or for enzymatic ligation (Fig.
4). In one embodiment, the strands can be subsequently crosslinked, e.g., using psoralen. In
another embodiment, the loop region and at least the identifier region on the 3' side of the loop region
can serve to hybridize to a complementary oligonucleotide that also contains a second identifier region

(Fig. 5). In cases wAéfs ury Beslgshigegttiockanadd #ordipoRdlrgadgstite ddbdle.g., 100 tags), a
mix-and-split strategifefMavdie employee. diyingrthesligenbeiastidasynthesisisteptoergate the

necessary number of tags, Such mix-and-split strategies for DN hesjs are known in the art. In
one embodiment, tﬁgeﬁ%ﬁ%g’ Z‘Q‘Heb% Igf}b‘g%%ifévﬁﬁ%eeg@ﬁﬁ%ﬁa%@y@é%ﬂ8 BFSRn-#éd Fesultant
Iibrary memb_ers caluevaimplifipd bytféﬁm/fdill!mw&mg S_ﬂiegbiﬁndfmdipm.i&?gﬁa(ﬁmﬂ.ti@?s(demug a target(s)
of interest (FIg-©). nacfith MBS ANEAARIEC SuRIShIpSUds s an s alagRucigetde, may be

reacted with a linker and A, which includes, for example, 1000 different variants. For each A building
block, a DNA tag AThey pavifsdeadbielitbHExidRdad taotm+ pambuHine dlor Hesdhesaistiths may be
perfforr(;led ig, e.lg., a&@@&weig@}a;@e?ﬁ f;@ga@ﬂ;@@ mealeplaias.rolt Raqtigns mml;ab;ed@qeled, (?ptiohnally
purified, and split into g seco, Q s. Next, the same.progedur e performed with B
building blocks, thé’ﬁ% 56 ‘in% 3%E rge%gmé’?iggd@?ﬁ%%%ﬁﬁgf&ﬁé ﬂsglﬁﬁ ‘étﬁégvﬁhy be 5
Iigate_d to the headdiged;. ahahall: igadtionksaneay/ @&ﬁﬁo@eA}iﬁrﬁrﬁmomfmﬁ%'{é@mbinaﬂons of A
to B (i.e., 1,008,000, comparndpuaggedifydPHAR0 diffstentegmiinaiions, o lags, [he same

approach may be extended to add variants C, D, E, etc. The generated library may then be used to

identify compoundsfehSPBiFGaRsté BrgaioT havelmpb dtibatot rete Spewats: thid biRdas the library
can be assessed by 29 §GRvapa:seauenE NG ST-taeiNAttagsHiavdentifyi e compopnds that were
enriched. Mode 2 .. In angther embodiment (Fig. 7), the methad includes synthesizing a library of
compounds, wherelbﬁotkﬁne?%g%w toaﬁfflgqs ¢on gllﬁséﬁ 1%18}%%%1”@0 ea(ﬁél?%%u%%rg;{r%éa er Tgthan two
diversity positions. Eﬂéﬁﬁjﬁﬁﬁ@h@%@h@i@t@biﬁéﬁl&orﬁpupindgfiémpe@tiy_‘éﬁigiﬁ%éd te@n initiator _
oligonucleotides whigh,6QRERIRS: m&&@&%&@a@ﬁe&%%%mﬁmnﬁfmtﬁﬁs%tr@gw%f, fhe functional

moiety by providing a solution comﬁrisin#gA initiator comll%loiunds, wherein L is an integer of one or
greater, where the iHTRBFEo UL itERR e Fuitib MoteteratiRy AP0 didihg blocks separated
into A 20reaction vesspisyidihglene4gHIA TsLANKRtBigen (ddwiedy, Qreater mTiahTs Bpasadively linked to
an initial oligonuclegtide whichyidentifies the A buildin .In,.spme.embodjments, the A building
blocks are pre-deri\?gg{z}edwﬁﬁ\ﬂw angrtghpr%%ﬁ%a{n g%%’r%f%k%ggfﬁné%?g%%g (g]b nssef%qgl?éntly transformed
with S, S being a sEHFPRY i RAde RRET ad sugssplpernst Iidd 3 Gt etsit) dnerdomatioed Next, the A-S
reaction vessels (whighi2prmayiits{rngiudeapayification of A-S from starting materials) are mixed
together and aliquoted intg. B reaction yessels, wherein B n integer gf one_or greater, and reacted
b RS e e s b

[
with one of B building blo B gﬁéﬁﬂ?!i‘??éss%%e g & BindSdih@hts, reacted with a
C build_ing block, Wh&@:ﬁh@aﬁelﬁﬂﬂg@cﬁ@aﬁgf&p%ﬁiﬁmmdikﬁpt\rsebﬁﬁam_erubﬁﬁeﬂessels for .
screening. In some.gmbedBN's S SAANINEASE of 40910 NG SmPARTIGNL AR egn be linked
B building blocks, t

directly to B initiator oligonueleotides and, following the reaction o e B reactions

are mixed and aliqubetifitee Reslesiovdbs srstaitivs Wasice B iiRting bidcks dseairisst separate in C
vessels for scoseningsdifiethamhanTpadimentsol SR Pa ahpirgenaf 088 id dnailtoshiscgreater than
one, in which case A'lso‘f%% ida%{i\ﬂarg;f%d 1\}/vi Be, if ali(%méed,i E? C [{%?}g:mti'on \ ss?.ls tr,egact with C
building blocks, an&?(ept Separate in c\’/éss%?s%raé}cre%nolﬁgf ?ﬁm’sngenerg?%lﬁgf’eb%? ¢ "be'expanded
to include additional-#igérsiynotbgateld/ s FOR, Eodtier)wd Mat trenfindediVarsitynode is reacted with
building 5 blocks aa@é%&@a@c%ap%%q&y@ﬁd'ﬁuﬁt@ﬁ_@Hqg&aasl@p&%ﬁi_@%@{&-@6%%9_'nto

vessels, and then the subsequent diversity node is derivatized by bui dlnlg blocks and kept in their
respective vessels M?%aépg@h{ﬁ.gnhiq& Igrf_.) reaction wsing samples from Lanes I-3 of Fig. 15B.

30 Fig. 16 is an agarose gel clectrophoresis of the steps in library 10x10 svnthesis

Fig. 16A is a 4% agarose ge! of headpiece (Trilink) HP-T ligated with tag A. Lane 1:
Marker; Lane 2: HP-T; Lane 3: Tag A annealed; Lane 4: HP-T ligated with tag A;
Lane 5: HP-T ligated with tag A and desalted on Zeba column. Fig. 16Bisa 2%



For example, as described in Mode 1, a headpiece, which includes an initiator oligonucleotide, may be
reacted with a linker and A building blocks, which include, 10 for example, 1000 different variants. For
each A building block, a DNA tag A may be ligated or primer extended to the headpiece. The reactions
may be pooled. Next, the same procedure may be,performed with B building blocks, but a DNA tag is
not added for B. Because B is not coded for, all "B" reactions may be pooled (e.g., 1000 reactions) and
a selection step may be performed to identify all A building blocks that 15 produce the desired binding
effect with unknown B building blocks. A library of A building blocks identified in the selection step
(e.g., 10 A building #fewiesephay ke hr-Hdigatienevithith dHécrsatiess God-BpMidiyisto dkessdsulting in a
screen of 10,000 copypounplsrof:lessedn, this roundg, ﬂ'}'ﬁ}@ﬂ,s@ﬁ5£@Y6bﬁlﬁqd§(ii§ﬁf$§u§ﬂ5”ding
blocks that produce the desired binding effect in combination with the, e.g., 10 A 20building blocks can
be identified, resultiigSif & &Bp-ﬁ)%éﬁégﬁ\?o‘iuﬁﬁ%‘ﬁﬁﬁeﬁﬂﬁgﬁiB?alfiﬂ&F?%Y SibArp i) PEBEE00
compounds. A set of Hnesgl finkl Ggergdoafind searaiybeiihdivitualily ddsteld tadderitify Biefast, e.g.,
binders, activators, pr. inhikitors., . aveid nooling all of the xeactions after B synthesis, a BIND
Reader (SRU Bglosyﬁs){iggnls'), or %rk]a“?nn%%ﬁﬁé?f ’e(I)fJéé]e9 't}d?r'ﬁgrrﬁ“t%lp B?ﬁ\%ﬁ%ne%a%%an%%?%%&ﬁace in high
25 throughput form&p{&1gs: 384 well plates and 1536 well plates). For example, the A building blocks
may be encoded with DNA tags and the B building blocks may be position encoded. Binders can then
be identified using a BIND sensqr, sequencing, and microarray analysis or restriction digest analysis of
the A tags. This analysis a||owﬁ%'?%ﬁ§h¥é%ﬁ?%%ﬁ§ﬁ"&?’%%ﬁﬂu ﬁﬁ% B building blocks that
produce 30 the desired milequtasnGtharimetitodsfommoritaiting thintdifig ieaifpisg these of skill in the

art may be Uqf NG g5 AT A5 AN 2T VAL OlRSUASRIES, o Modes 1

and 2 may contain a hairpin‘structure, complementary at the identifier region. The initiato
oligonucleotide furthi®répaisrsrewsiusheaimhpsIoppusgiembitadunatipin seaetiheiigosan serve as
a 5 primer-binding regindarvarmnlification. S rihatdhe PUMSTRIREINGHRBIRR hasahigher melting
temperature for its complementary primer (which, can include flanking identifier regigns) than the
identifier region a|o?%85.2°-% R e"‘lr?%B%%‘?%é’hﬁ?‘%ﬁ%%%%‘n‘&%&%@ﬁa% uﬁg%ﬁrc?eof' T’u%‘gghﬁl} ker molecule
capable of being fumstiemyally mmw,MW©bMY§im@aksn%eﬂimképda@iawber@ath&ﬂdnﬁattached
directly (o the 55 end,ohih aligaauAlealidRRUGR SHIGHS KRR G AL ALGARPR sRbedded

e

within the molecule, e.q., off of a derivatized base (e.g., t pqsiii_on of uridine), or the finker can be
placed in the middId"6EKESHYTAEIIE St VLAY HaRRed G ERHITGH d4eRnORIHGR ERRCERYNT HR initiator
oligonucleotide maydagvsiniglessirantisd woaonbfesstramded.aeslntaisaatoniefraigaublgsstiranded
oligonucleotide may be achieved through hairpin formation of the oligonucleotide.or through
cross-linking using,aegalfpénSzlé?a%cge?ﬁl(%e%é?ésg Or\f%q\?v%ﬁnéiﬂsee ak’g" Vgrﬁ%\?rlﬁfgt%rcg @%%aglgﬁeotide may
contain two primer-bindingistetgonio(@glinksreMdple 2 IPOR veastim) onceitiveliwidieopiteomtentifier
region that enegdes\tehuildinchafiblogk Aligraativelviote initiater pligonpugieetidednay contain one
primer-binding site on the 5' end. In other embodiments, the initiator oligonucleotide is a hairpin, and
the loop region fornt§'&*rimer-binding site or the primer-binding site is introduced through
hybridization of an oligonucleotide to the identifier region on the 3' side of the loop. A primer
oligonucleotide, corhgg)igfglp a region homologous to the 253' end of the initiator oligonucleotide and
carrying a primer binding region on its 5' end (e.g., to enable a PCR reaction) may be hybridized to the
initiator oligonucleotide, anBeREjabRtEnIan ferdnisierredrshitn destoae snherpmiging blocks used at
one of the diversity pasiianss dhe-pdmes whigonucicetide amegntainrdditiopakidarmation, such as a

region of randomiz nuclefotides, e 9 %to.lG nucleotides in 30.Ien9th, which is included for
bioinformatic analyzi rary ol compounds, wherein the compounds contam a functional moiety having no

greater than two diversity positions. The functional moiety of the compounds is
operatively linked to an initiator cligonucleotide that identifies the structure of the
functional moiety by providing a solution containing A initiator compounds.

30 The initiator oligonucicotide includes a linker L (e.g., polyethylene glycol)
with an integer of one or greater, wherein the initiator oligonucleotides contain a

functional moiety that includes A building blocks attached to L and separated into A



In one embodiment, the initiator oligonucleotide does not contain a PCR primer-binding site. 16 In
another embodiment, the library of compounds, or a portion thereof, is contacted with a biological
target under conditions suitable for at least one member of the library of compounds to bind to the
target, followed by removal of library members that do not bind to the target, and analyzing the
identifier region or regions. 5SExemplary biological targets include, e.g., enzymes (e.g., kinases,
phosphatases, methylases, demethylases, proteases, and DNA repair enzymes), proteins involved in
protein:protein interactions (e.g., ligands for receptors); receptor targets (e.g., GPCRs and RTKSs), ion
channels, bacteria, Fgh¢isasyisarkisitascDMAS RNAegrohsyo orarbatty tizebsy. opotativele brkbbdiment,

the library of compqyadsniakarRedinndbsiaots: ceatasietwihaibipiagical target under conditions
suitable for at least one member of the library of com[;ounds to bind to the target, followed by removal

of library members that ddHSPISFEIEFRE gt A pockspambafsh ey Mesifier region by
methods known in theragh antsubsesisehtin atelyzingdhscideMificntaginanis pirggienrs by methods
known in the art. In imen ification of the identifier region can include, e
g, polymerasegz)chaivrgq)llErig%L‘?cl%i]ctf}rg:1 ag%eﬁ:%‘%?ﬁ%grg i%%%]%ﬁﬁ%cat%ﬁ% fé&(é]s roc?l |1rfgercszlll{5([:fé9§)r(r§:%ﬁﬂ%ation

(RCA), or any othethietroenRINgHiTiF tHeSHanoaivishinghiicte iy asiereserjirgreisz20leda dirther

embodiment, the likReysaf compruramhiainrhrogled followiag thedival stepfiyilding:block addition

and the pools are screened indjvidually to jdentify compound(s). that hind to a target. _  In another
embodiment, the mlgfjg TEPHALBIE gclg ‘g"g%&féﬁglﬁg%ﬁﬁ'@%)eﬂﬁg’%ﬁﬂ%&%ﬁ‘,“ﬂ)ﬁlt‘%cgnalyzed

directly. Me_thods qfﬁm@y@stimmmig.g'herainriﬁ)afreawﬁ@mal_&m or greaehhmﬂeehmhﬂﬁ&fmr
deconvoluting the dentfipiroians(Fia 9. Malsoalesdhat bind dyraine seresning sigpmay also be

detected by a label-free photonic crystal biosensor. In one embodiment, the initiator oligonucleotide

and/or the primer  C Bhidinebleskideres taing RisetcH A diayridedt andndirsidtsielatection by, e.g.,

30fluorescent tags, fQ fleksizRtidH OiMzation QAR ERRRRAIBARL AN & RHGERARY snalysisrses advanced
detection capabilityé such as, €9, g%latrgegcgnié.es%a ce photonic crystals. 17 In one
embodiment, the méeﬂwugacgfagmlgﬁ?yﬂg iREludes 6 ?ﬁ%s‘a water-in-oil emulsion to create a plurality of
aqueous microreactors, whereiaatieasionesofthemiorercastgrsdiasatieast oneodimmioet-of a library

of compounds,inat bindsiniedatmelAsingifspd canabls albiadingialhe Raceding,

B
oligonucleotide of the at least 5 one member of the library of compounds that binds to the target, and
amplification reactiSH <ERstRCkd SR TiRRg e EEde B4R W sESH RIS ActiBimplification,
amplifying the encadirgueligtatcleetittecintie ok orcasiorsde forsar-amplilipe-eopigsétha.encoding
oligonucleotide, and hinding the amplified copjes of the. encoding oliggnucleotide to the beads in the
microreactors. 100%1?:@%%&%%}I%ﬁ%&%ﬁ%tglﬁs%r(griﬁmfﬁgl |?§}[1| %Sfyaﬁéfl%%%én %htlﬁ% Yg?fggg)f interest have
been identified, a sewaPgHibibeyYRiad tresprapdrets inkmadierstivaiqasisibimtarCtrictironeseritvo additional

nodes of diversity akgadpeth anslieivardsricaisd RpG AVt sANRIEsas.descrbed herein.

This process can be repeated as many times as necessary to ¢reate molecules with desired molecular
and pharmaceutica 19 rtbﬁgﬁfgg using C primers, in which the C primers differ in sequence and

1dentify the C building blocks.
In certain embodiments, B can be an integer of one and A-S is greater than
one, in which case A-S, now derivatized with B, is aliquoted into C reaction vessels,
25 reacted with C building blocks, and subjected to second strand polymerization
reaction using C primers, in which the C primers differ in sequence and identify the C
building blocks. This general strategy can be expanded to include additional diversity
nodes (e.g., D, E, F, etc.) so that the first diversity node is reacted with building
blocks and/or S and encoded by an initial oligonucleotide, mixed, re-aliquoted into
30 vessels and then the subsequent diversity node is derivatized by building blocks,
which is encoded by the primer used for the pelymerization or ligation reaction.
In certain embodiments, A can be an integer of one, B can be an integer of

one, and C initiator oligonucleotides are used. A-S-B, attached to C initiator



Exemplary A building blocks include, e.g., amino acids (not limited to alpha-amino acids),
click-chemistry reactants (e.g., azide or alkine chains) with an amine, or a thiol reactant. The choice of
A building block depends on, for example, the nature of the reactive group used in the linker, the
nature of a scaffold moiety, and the solvent used 11‘£)r the chemical synthesis. See, e.g., Table 1. Table
1. Exemplary Position A Building Blocks 0 0 4-Azido-butan-l-oic acid N-Hydroxysuccinimide Ester N
Fmoo \\ "----COOH 3-0 -Finoc-piperidine-4-y1)- propionic acid ....fir HH-F moo = ,,.1, COON
Fmoc-L-propargylglycine COOH / ----,,V-\ Boo Boc-L-indoline-2-carboxylic acid

oligonucleotides, is formed in C reaction vessels, reacted with C building blocks, and

screened directly.

In certain embodiments, S is reacted first with the initiator oligonucleotide,
and A, B and/or C (e.g., or I, E, F, and 50 on) are subseguently reacted.

5 In certain embodiments, A, B, or C (¢.g., or D, E, F, and so on) can contain
sites for additional diversity nodes. If this is the case, then S may or may not be used
or needed to introduce additional diversity nodes.

In one embodiment, the initiator oligonucleotide includes a hairpin structure
complementary at the identifier region (Fig. 2). The identifier region can be, e.g., 2 to

10 100 base pairs in length, preferably 5 to 20 base pairs in length, and most preferably 6
to 12 base pairs in length. The initiator oligonucleotide further includes a sequence in
the loop region of the hairpin structure that can serve as a primer binding region for
amplification (Fig. 3), such that the primer binding region has a higher melting
temperature for its complementary primer (e.g., which can include flanking identifier

15 regions) than the identifier region alone.

In one embodiment, the loop region may include modified bases that can form
higher affinity duplex formations than unmodified bases, such modified bases being
known in the art (Fig. 3). The initiator oligonucleotide can further include 2 non-
complementary sequence on the 3’ end of the molecule that can serve to bind a

20 second identifier region for either polymerization or for enzymatic ligation (Fig. 4).
In one embodiment, the strands can be subsequently crosslinked, e.g., using psoralen,

in another embodiment, the loop region and at least the identifier region on the
3’ side of the loop region can serve to hybridize to a complementary oligonucleotide
that also contains a second identifier region (Fig. 5). In cases where many building

25 blocks and corresponding tags are used (e.g., 100 tags), 2 mix-and-split strategy may
be employed during the oligonucleotide synthesis step to create the necessary number
of tags. Such mix-and-split strategies for DNA synthesis are known in the art. Inone
embodiment, the strands can be subsequently crosslinked, ¢.g., using psoralen. The
resultant library members can be amplified by PCR following selection for binding

30 entities versus a target(s) of interest (Fig. 6).

For example, a headpiece, which includes an initiator oligonucleotide, may be
reacted with a linker and A, which includes, for example, 1000 different variants. For

cach A building block, a DNA tag A may be ligated or primer extended to the



18 C N Fmoo Fmoc-(4-carboxymerhyppiperazine 1 N ) --..,.._ CC/QH NH-Bloc COON

Boc-D-propargylglycineDCHA naphthalene-2 Boc-2-amino-1,2,3,4-tetrahydro- -St'>-,,,------- N---/
-carboxylic COON NEI-Boo acid H 2-Amino-N-(3-azidopropyl)-3- mercaptopropionamide
ler"--N=----N=----N- 14 (S)-(-)-2-Aziclo-6-(Boc-

headpicce. These reactions may be performed in, e.g., a 1000-well plate or 10 x 100
well plates. All reactions may be pooled, optionally purified, and split into a second
set of plates. Next, the same procedure may be performed with B building blocks,
which also include, for example, 1000 different variants. A DNA tag B may be

5 - ligated to the headpicce, and all reactions may be pooled. A hbrary of 1000 x 1000
combinations of A to B (i.e., [,000,000 compounds), tagged by 1,000,000 different
combinations of tags. The same approach may be extended to add variants C, D, E,
etc. The generated library may then be used to identify compounds that bind to the
target. The composition of the compounds that bind to the library can be assessed by

10 PCR and sequencing of the DNA tags to identify the compounds that were enriched.

Mode 2
In another embodiment (Fig. 7), the method includes synthesizing a hibrary of
compounds, wherein the compounds contain a functional moiety having no greater
15 thantwo diversity positions. The functional moiety of the compounds is operatively
linked to an initiator oligonucleotide, which contains a unique genetic sequence that
identifies the structure of the functional moiety by providing a solution comprising A
initiator compounds, wherein L is an integer of one or greater, where the initiator
compounds include a functional moiety having A building blocks separated into A
20 reaction vessels, where, e.g., A is an integer of two or greater, which is operatively
linked to an initial oligonucleotide which identifies the A building blocks. In some
embodiments, the A building blocks are pre-derivatized with a common S. In other
embodiments, A is subsequently transformed with S, S being a scaffold molecule that
allows further nodes of diversity introduction. Next, the A-S reaction vessels (which
25  may first include a purification of A-S from starting materials) are mixed together and
aliquoted into B reaction vessels, wherein B is an integer of one or greater, and
reacted with one of B building blocks. A-S-B, still in B reaction vessels i3, in some
embodiments, reacted with a C building block, where C is an integer of one, are
purified, and kept separate in B vessels for screening. In some embodiments, A-S is
30  an integer of one. In one embodiment, A-S can be linked directly to B initator
oligonucleotides and, following the reaction of B building blocks, the B reactions are
mixed and aliquoted into C reaction vessels, reacted with C building bioc.ks, and kept

separate in C vessels for screening. In other embodiments, B can be an integer of one



amino)hcxanoic acid HS-r""jr 2-Amino-3-mercapto-N-(prop-2 ynyl)propionamide o N H - 014 AF1 Ft=
(S)-5-Azido-2-(Fmoc- mnino)pentanoic acid HO Boo-NH 0 Boc-Lys(N3)-011

14

and A-S is greater than one, in which case A-S, now derivatized with B, is aliquoted
into C reaction vessels reacted with C building blocks, and kept separate in C vessels
for screening. This general strategy can be expanded to include additional diversity
nodes (e.g., D, E, F, etc.} so that the first diversity node is reacted with building
5 blocks and/or S and encoded by an initiator oligonucleotide, mixed, re-aliquoted into
vessels, and then the subsequent diversity node is derivatized by building blocks and
kept in their respective vessels for screening (Fig. 8).
For example, as described in Mode 1, a headpiece, which includes an initiator
oligonucieotide, may be reacted with a linker and A building blocks, which include,
10 for example, 1000 different variants. For each A building block, a DNA 1ag A may
be ligated or primer extended to the headpiece. The reactions may be pooled. Next,
the same procedure may be performed with B building blocks, but a DNA tag is not
added for B. Because B is not coded for, all “B” reactions may be pooled (e.g., 1000
reactions) and a selection step may be performed 1o identify all A building blocks that
15  produce the desired binding effect with unknown B building blocks. A library of A
building blocks identified in the selection step (e.g.. 10 A building biocks) may then
be reacted with the same 1000 B building blocks, resulting in a screen of 10,000
compounds or less. In this round, DNA fags for B may be added and B building
blocks that produce the desired binding effect in combination with the, e.g., 10 A
20 building blocks can be identified, resulting in a step-wise convolution of an initial
library of, for example, 1,000,000 compounds. A set of these final compounds may
be individually tested to identify the best, e.g., binders, activators, or inhibitors.
To avoid pooling all of the reactions after B synthesis, a BIND Reader (SRU
Biosystems), for example, may be used to monitor binding on a sensor surface in high
25 throughput format (e.g., 384 well plates and 1536 well plates). For example, the A
building blocks may be encoded with DNA tags and the B building blocks may be
position encoded. Binders can then be identified vsing a BIND sensor, sequencing,
and microarray analysis or restriction digest analysis of the A tags. This analysis
allows for the identification of combinations of A and B building blocks that produce
30 the desired molccules. Other methods for monitering binding known to those of skill

in the art may be used including, e.g., ELISA.



OH ONH Fmoc-4-azidophenylalanine .,"-/* 1 li+ Il N- 19 Exemplary B and C building blocks are
described in Tables 2 and 3, respectively. A restriction site may be introduced, for example, in the B or
C position for analysis of the final product and selection by performing PCR and restriction digest with
one of the corresponding restriction enzymes. Tatl) e 2. Examples of Positic_)n_B Building Blocks and
Encoding DNA Tags Chemical Name and Structure Restriction Site (Restriction Enzyme) Top Strand
Bottom Strand | 6-Aminoquinoline (B1)
Modes 1 and 2
The initiator oligonucleotide of Modes 1 and 2 may contain a hairpin
structure, complementary at the identifier region. The initiator oligonucleotide further
contains a sequence in the loop region of the hairpin structure that can serve as a
5  primer-binding region for amplification, such that the primer binding region has a
higher melting temperature for its complementary primer (which can include flanking
identifier regions) than the identifier region alone.
In one embodiment, the initiator oligonucleotide includes a linker molecule
capable of being functionally reacted with building blocks. The linker molecule can
10 be attached directly to the 5 end of the oligonucleotide through methods known in the
art or can be embedded within the molecule, e.g., off of a derivatized base (e.g., the
C5 position of uridine), or the linker can be placed in the middle of the
oligonucleotide using standard techniques known in the art.
The inttiator oligonucleotide may be single-stranded or double-stranded. The
15 formation of a double-stranded oligonucleotide may be achieved through hairpin
formation of the oligonucleotide or through cross-linking using, e.g., a psoralen
moiety, as known in the art.
The initiator oligonucleotide may contain two primer-binding regions (e.g., to
enable a PCR reaction) on either side of the identifier region that encodes the building
20 block. Alternatively, the initiator oligonucleotide may contain one primer-binding
site on the 5° end. In other cmbodiments, the initiator oligonucleotide is a hairpin,
and the loop region forms a primet-binding site or the primer-binding site is
introduced through hybridization of an oligonucleotide to the identifier region on the
3’ side of the loop. A primer oligonucleotide, containing a region homologous to the
25 3’ end of the initiator oligonucleotide and carrying a primer binding region on its 5’
end (e.g., 10 enable a PCR reaction) may be hybridized o the initiator oligonucleotide,
and may contain an identifier region that encodes the building blocks used at one of
the diversity positions. The primer oligonucleofide may contain additional
information, such as a region of randomized nucleotides, e.g., 2 to 16 nucleotides in
30 length, which is included for bicinformatic analysis.
In one embodiment, the initiator oligomucleotide does not contain a PCR

primer-binding site.



T/CCGGA (BspEl) 5-Phos-CCTCCGGAGA (SEQ ID NO: 1) 5-Phos-TCCGGAGGAC (SEQ ID NO: 2)
NH., 3-Amino-7-azaindole, 1H- pyrrolo[2,3-b]pyridin-3-ylamine (B2) GGC/GCC (Sfol)
5'-Phos-CCGGCGCCGA (SEQ ID NO: 3) 5'-Phos-GGCGCCGGAC (SEQ ID NO: 4) 21401
2-(Aminomethyl) benzimidazole dihydrochloride (E ) GGTAC/C (Kpnl) 5'-Phos-CCGGTACCGA (SEQ
ID NO: 5) 5-Phos-GGTACCGGAC (SEQ ID NO: ‘53 CAC/GTG (Pm1l) 5-Phos-CCCACGTGGA (SEQ
ID NO: 7) 5-Phos-CACGTGGGAC

In another embodiment, the library of compounds, or a portion thereof, is
contacted with a biological target under conditions suitable for at least one member of
the library of compounds to bind to the target, followed by removal of library
members that do not bind to the target, and analyzing the identifier region or regions.

5 Exemplary biological targets include, e.g., enzymes (e.g., kinases, phosphatases,
methylases, demethylases, proteases, and DNA repair enzymes), proteins involved in
protetn:protein interactions (e.g., Hgands for receptors), receptor targets (e.g., GPCRs
and RTKs), ion channels, bacteria, viruses, parasites, DNA, RNA, prions, or
carbohydrates).

10 In one embodiment, the library of compounds, or a portion thereof, is
contacted with a biological target under conditions suitable for at least one member of
the library of compounds to bind to the target, followed by removal of library
members that do not bind to the target, followed by amplification of the identifier
region by methods known in the art, and subsequently analyzing the identifier region

15 orregions by methods known in the art.

In one embodiment the method of amplification of the identifier region can
include, e.g., polymerase chain reaction (PCR), linear chain amplification (LCR),
rolling circle amplification (RCA), or any other method known in the art to amplify
nucleic acid sequences.

20 In a further embodiment, the library of compounds is not pooled following the
final step of building block addition and the pools are screened individually 1o
identify compound(s) that bind to a target.

In another embodiment, the molecules that bind to a target are not subjected to
amplification, but are analyzed directly. Methods of analysis include, e.g., microarray

25  analysis or bead-based methods for deconvoluting the identificr regions (Fig. 9).
Molecules that bind during the screening step may also be detected by a label-free
photonic crystal biesensor.

In one embodiment, the initiator oligonucleotide and/or the primer
oligonucleotide contain a functional moiety that allows for its detection by, e.g.,

30 fluorescent tags, Q dots, or biotin.

In one embodiment, the microarray analysis uses advanced detection

capability, such as, e.g., evanescent resonance photonic crystals.



(SEQ ID NO: 8) | 2-Methyl-1H-benzimidazol-5- amine (B4) v-----mi2 xm,o Ainomethylicyclopropane
(B5) (Sad) GAGCT/C ( 5'-Phos-CCGAGCTCGA (SEQ ID NO: 9) 5-Phos-GAGCTCGGAC (SEQ
ID NO: 10) WH2 o .---).-A HNH 3-Aminophthalimide (B6) G/GATCC (BamHI)
5'-Phos-CCGGATCCGA (SEQ ID NO: 11) 5'-Pho§7-GGATCCGGAC (SEQ ID NO: 12) 20 ONH2 0
NH2 3-Amino-4-methylbenzamide

In one embodiment, the method of amplifying includes forming a water-in-oil
emulsion to create a plurality of aqueocus microreactors, wherein at least one of the
microreactors has at least one member of a library of compounds that binds to the
target, a single bead capable of binding to the encoding oligonucleotide of the at Jeast

5  one member of the library of compounds that binds to the target, and amplification -
reaction solution containing reagents necessary to perform nucleic acid amplification,
amplifying the encoding cligonucleotide in the microrcactors to form amplified copies
of the encoding oligonucleotide, and binding the amplified copies of the encoding
oligonucleotide to the beads in the microreactors.

10 Onece the building blocks from the first library that bind to the target of interest
have been identified, a second library may be prepared in an iterative fashion, in
which one or two additional nodes of diversity are added, and the library is created
and diversity sampled as described herein. This process can be repeated as many
times as necessary to create molecules with desired molecular and pharmaceutical -

15  properties.

Exemplary A building blocks inciude, e.g., amino acids (not limited to alpha-
amino acids), click-chemistry reactants (e.g., azide or alkine chains) with an amine, or
a thiol reactant. The choice of A building block depends on, for example, the nature
of the reactive group used in the linker, the nature of a scaffold moiety, and the

solvent used for the chemical synthesis. See, e.z., Table 1.

Table 1. Exemplary Position A Building Blocks
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(B7) AT/COAT (BspDl) S'-Phos-CCATCGATGA (SEQ ID NO: 13) 5'-Phos-ATCGATGGAC (SEQ ID
NO: 14) ----"N ,--- N 12 H 4-Azabenzimidazole (B8) A/AGCTT (HindlIl) 5'-Phos-CCAAGCTTGA (SEQ
ID NO: 15) 5-Phos-AAGCTTGGAC (SEQ ID NO: 16) Fi2N"----,-.).,,,NI-I2 m-Xylylenediamine (B9)
A/GATCT (Bglll) 5'-Phos-CCACIATCTGA (SEQCR NO: 17) 5'-Phos-AGATCTGGAC (SEQ ID NO: 18)
NI-12 NH, 1,2-Phenylenediamine (B10) G/AATT
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- NH-Broc:

[j s A

Boc-D-propargylglyeinee DCHA

CQDH
Fmoc-(4-carboxymethyl)piperazine

COOH

Ry
| i
s

Boc-2-amino-1,2,3,4-tetrahydro-

naphthalene-2 -carboxylic acid 2-Amino-N-(3-azidopropyl)-3-

mercaptopropionamlde
Bae” Ty T
By
(S)-(—)-2-Azido-6-{Boc-
amino)hexanoic acid 2- Ammo- -mercapto-N-(prop-2 -
ynyhpropionamide
L N3
%WW“‘NIJ&%G}‘% Bog=———iiH
Fmec 0 o
(S)-5-Azido-2-{Fmoc-
amino}pentanoic acid 0

Boc-Lys(N3)-OH

Fmoc-4-azidophenylalanine




(EcoRl) 5'-Phos-CCGAATTCGA (SEQ ID NO: 19) 5-Phos-GAATICGGAC (SEQ ID NO: 20)
,--—--..,,—-——-N- H Anabasine (B11) T/GATCA (Bell) 5'-Phos-CCTGATCAGA (SEQ ID NO: 21)
5'-Phos-TGATCAGGAC (SEQ ID NO: 22) r? w CH2 CH -C -0H. H20 Crl NM " DL-7-Azatryptophan
hydrate (B 12) CA/ITATG Ndel) ( 5'-Phos-CCCATATGGA (SEQ ID NO: 23) 5-Phos-CATATGGGAC
(SEQ ID NO: 24) Table 3. Examples of Position C Building Blocks and Encoding DNA Tags Chemical
Name and Structure

Exemplary B and C building blocks are described in Tables 2 and 3,

respectively. A restriction site may be infroduced, for example, in the B or C position

for analysis of the final product and selection by performing PCR and restriction

digest with one of the corresponding restriction enzymes.

Table 2. Examples of Position B Building Blocks and Encoding DNA Tags

Restriction Site

Top Strand

3-Amino-7-azaindole, 1H-
pyrrolo[2,3-b]pyridin-3-ylamine
(B2)

Chemical Name and Structure!  (Restriction Bottom Strand
Enzyme)
y 5°-Phos-CCTCCGGAGA
EANPON
L) TOCGGA (SEQID NO: 1)
. — (BspED) 5*-Phos-TCCGGAGGAC
6-Aminoquinoline (B1)
(SEQ ID NO: 2)
NN ,
e 5-Phos-CCGGCGCCGA
RH SEQID NO: 3
’ GGC/GCC (Sfol) (SEQ 3)

5"-Phos-GGCGCCGGAC
(SEQ ID NO: 4)

L,

2-{Aminomethyl) benzimidazole
dihydrochloride (B3)

GGTAC/C (Kpnl)

5°-Phos-CCGGTACCGA
(SEQ ID NO: 5)

5’-Phos-GGTACCGGAC
(SEQ ID NO: 6)

5°.Phos-CCCACGTGGA
(SEQ TD NO: 7)

3-Aminophthalimide (B6)

CAC/GTG (Pmily| ‘
2-Methyl-1H-benzimidazol-5- 5'-Phos-CACGTGGGAC
amine (B4) (SEQ ID NO: 8)
5*-Phos-CCGAGCTCGA
e e (SEQ ID NO: 9)
(Aminometh}g)scyclopropane GAGCT/C (Sacl) 5 Phos-GAGCTCGGAC
(B5) (SEQ 1D NO: 10)
e o 5°-Phos-CCGGATCCGA
| T e G/GATCC (SEQ ID NO: 11)
-
) (BamHI) 5-Phos-GGATCCGGAC

(SEQ ID NO: 12)




Top Strand Bottom Strand 3,4-Dimethoxyine (Cl) 5-Phos-GAACCTGCTT (SEQ ID NO: 25)
5'-Phos-GCAGG | 1CTC (SEQ ID NO: 26) 21 () N ----- . H 4-(1-Pyrrolidinyppiperidine (C2)
5'-Phos-GAAGACGCTT (SEQ ID NO: 27) 5' -Phos-GCGTC 1.1 CTC (SEQ ID NO: 28) N1-12 1-1
2-Methoxyphenethylamine (C3) 5'-Phos-GACCA§6ACTT (SEQ ID NO: 29) 5' -Phos-GTCTGGTCTC
(SEQ ID NO: 30) KN---/NH2 L.,..,- -.,--

O, MH»
5 -Phos-CCATCGATGA
N ATICGAT (SEQ IDNO: 13)
(BspDI) 5°-Phos-ATCGATGGAC
3-Amino-4-methylbenzamide (SEQ ID NO: 14)
(B7) '
NN 3'-Phos-CCAAGCTTGA
Ly A/AGCTT (SEQIDNO: 15)
H (HindHT} 5"-Phos-AAGCTTGGAC
~ 57-Phos-CCAGATCTGA

HoN R | NH A/GATCT (Bgllh)
m~-Xylyienediamine (B9)

(SEQ ID NO: 17)
5°-Phos-AGATCTGGAC
(SEQ ID NO: 18)

N 5'-Phos-CCGAATTCGA
L, G/AATTC (SEQ ID NO: 19)
2 EcoRI *_Phos- ) '
1,2-Phenylenediamine (B10) ( ) > P?SO;: QG ;AgéL;?AC
TN 5"-Phos-CCTGATCAGA
e )
i N SEQ I NO: 21
D T/IGATCA (Bell) (SEQ )
"N 5°-Phos-TGATCAGGAC
Anabasine (B11) (SEQIDNO: 22)
e
7 CHo GH —C —OH  + HaD 5°-Phos-CCCATATGGA
< 0 CAITATG (Ndol) (SEQ 1D NO: 23)
N M 153
DL H ban v 5°-Phos-CATATGGGAC
~7-Azatryptophan hydrate S .
B12) (SEQ ID NO: 24)

Table 3. Examples of Pesition C Building Blocks and Encoding DNA Tags

. Top Strand
Chemical Name znd Structure Bottom Strand
0T 5*-Phos-GAACCTGCTT

i
/@[“ | (SEQ ID NO: 25)
Hghd QLH, 5’-Phos-GCAGGTTCTC

3,4-Dimethoxyaniline {C1) (SEQ ID NO: 26)




Cyclohexanemethylamine (C4) 5 Phos-GACGACTCTT (SEQ ID NO: 31) 5'-Phos-GAGTCGTCTC
(SEQ ID NO: 32) H 2-(1-Cyclohexenyl)ethylarnine (C5) 5-Phos-GACGCTTCTT (SEQ ID NO: 33)
Y-Phos-GAAGCGTCTC (SEQ ID NO: 34) NN H 5-Amino-2-(trifluoromethyl)benzimidazole (C6)
5'-Phos-GAGCAACCTT (SEQ ID NO: 35) 5'-Phoc?-lGGTTGCTCTC (SEQ ID NO: 36) H N .NCI
5-Fluoro-3-(4-piperidiny1)-1,2- benzisoxazole hydrochloride (C7) 5'-Phos-GAGCCATCTT (SEQ ID NO:
37) 5'-Phos-GATGGCTCTC (SEQ Il NO: 38)

I

S
()
N
H

4-(1-Pyrrolidinyl)piperidine (C2)

5’-Phos-GAAGACGCTT
(SEQ ID NO: 27)

§’-Phos-GCGTCTTCTC
(SEQ ID NO: 28)

= NOGH,

2-Methoxyphenethylamine (C3)

5°-Phos-GACCAGACTT
(SEQ ID NO: 29)

5°-Phos-GTCTGGTCTC
(SEQ ID NO: 30)

O/\l%

Cyclohexanemethylamine (C4)

5*-Phos-GACGACTCTT
(SEQ ID NO: 31)

5°-Phos-GAGTCGTCTC
(SEQ ID NO: 32)

NHE

2-(1-Cyclohexenyl)ethylamine {C5)

5’-Phos-GACGCTTCTT
(SEQ ID NO: 33)

5°-Phos-GAAGCGTCTC
(SEQ ID NO: 34)

Hah N
o
Yk
L
H

5-Amino-2-(trifluoromethyl Ybenzimidazole
(C6)

5°-Phos-GAGCAACCTT
(SEQ ID NO: 35)

5°_Phos-GGTTGCTCTC
(SEQ ID NO: 36)

H
™

{
me ~ HCI
o

5-Fluoro-3-(4-piperidinyl)-1,2-
benzisoxazole hydrochloride (C7)

5*-Phos-GAGCCATCTT
(SEQ 1D NO: 37)

57-Phos-GATGGCTCTC
(SEQ ID NO: 38)

ch Y\N Hz

5°-Phos-GCAACCACTT
(SEQ ID NO: 39)

CHy
5°-Phos-G ~
Isobutylamine (C8) 0s-GTGGTTGCTC
(SEQ ID NO: 40)
NH,
{ 5°_Phos-GCACAGACTT
g (SEQ ID NO: 41)

\I‘r/'
F
4-Fluorobenzylamine (C9)

5°-Phos-GTCTGTGCTC
(SEQ ID NO: 42)




H3C CH 3 Isobutylamine (C8) 5'-Phos-GCAACCACTT (SEQ ID NO: 39) .5 -Phos-GTGGTTGCTC
(SEQ ID NO: 40) , hiH2 , ---- ---- , | F 4-Fluorobenzyl amine (C9) 5'-Phos-GCACAGACTT (SEQ ID NO:
41) 5 '-Phos-GTCTGTGCTC (SEQ ID NO: 42) 22 H 2 N40 H 5-(Aminomethyl)indole (C10)
5-Phos-GCGATCACTT (SEQ ID NO: 43) 5-Phos;GTGATCGCTC (SEQ ID NO: 44) F | -"--"C"---a

" . 5’ -Phos-GCGATCACTT
? m (SEQ ID NO: 43)
H 5’-Phos-GTGATCGCTC
F
5'-Phos-GCGGTTACTT
= g/'\\r"'NHE ~
P (SEQ ID NO: 45)
2 {0-ch] 6‘ i < benzyythio]ethytami 5°-Phos-GTAACCGCTC
2= ~COTO-O-TIROrODENZY 10 elnylamine .
©11) (SEQ ID NO: 46)
H 5’-Phos-GCATGACCTT
L\»“O (SEQ ID NO: 47)
i 5°-Phos-GGTCATGCTC
1-(4-Methylphenyl)piperazine {(Ci2) {SEQ ID NO: 48)
S 5 -Phos-GCGTACTCTT
Hﬁ;*“wﬁ%ﬂczm (SEQ ID NO: 49)
N,N-Dimethvl-N'-ethylethylenediamine 5-Phos-GAGTACGCTC
(C13) (SEQ ID NO: 50)

Mode 3

In either of the modes described herein {e.g., Modes 1 and 2), the headpiece
oligonucleotide may be modified to support solubility in semi- or non-aqueous (e.g.,
organic) conditions. The headpiece, in certain embodiments, includes the identifier
region. In other embodiments, the headpiece with linker can first be derivatized with
a building block (e.g., a functional moiety) or scaffold, and the identificr sequence is
then added.

Nucleotide bases of the headpiece can be rendered more hydrophobic by
modifying, for example, the C5 positions of T or C bases with aliphatic chains
without sigmficantly disrupting their ability to hydrogen bond to their complementary
bases. See, e.g., Table 4 for examples of modified bases. In addition, the headpiece
oligonucleotide can be interspersed with modifications that promote solubility in
organic solvents. For example, azobenzene phosphoramidite can introduce a
hydrophobic moiety into the headpiece design. Such insertions of hydrophobic
amidites into the headpiece can occur anywhere in the molecule. However, the

insertion cannot interfere with subsequent tagging using additional DNA tags during



24(2-chloro-6-fluorobenzypthiolethylamine (C11) 5'-Phos-GCGGTTACTT (SEQ ID NO: 45) .
5'-Phos-GTAACCGC'FC (SEQ ID NO: 46) N-Th N CR.3 1-(4-Methylphenyl)piperazine (C12)
5'-Phos-GCATGACCTT (SEQ ID NO: 47) 5-Phos-GGTCATGCTC (SEQ ID NO: 48) 21'h H
N,N-Dimethyl-NLethylethylenediamine (C13) 5' -Phos-GCGTACTCTT (SEQ ID NO: 49)
5'-Phos-GAGTACGCTC (SEQ ID NO: 50) Mode In either of the modes described herein (e.g.,
Modes 1 and 2), the headpiece oligonucleotide may be modified to support solubility in semi- or
non-aqueous (e.g., organic) conditions. The headpiece, in certain embodiments, includes the identifier
region. In other emisaditbrentsyatesireadprce WK livdatiosantiiest éedarmvatizetlsitva building block
(e.g., a functional mgiety)-or, seaffold i Andhs Qgey&ﬁgvﬁsmﬁﬂ%aﬁ henaddedse heag%@eeot'de bases

of the headpiece can be rendered more hydrophobic g modifying, for example, the C5 positions of T
or C bases with alipfftie daseriked heistioeyirendryhs Fﬁﬁh‘iﬁcﬁﬁgﬂb]&ﬁm@fﬁﬁfﬁmﬁgéﬁ%ond to their

cqmplement_ary bamm,em,T%@@%@gg@m@s%m@dﬁmcbg@gs_sllﬂwgﬂdimﬁﬁg?the headpiece
oligonucleotide canatagi{ntgg[éer?gﬁ?l V]\élth mgdgflqatlotgg ﬁgadt ronéote sgf%%h% In organic solvents. For

d 1€ Tesidues 10 ece desion T 1010 .
example, azobenzene p]ﬁosp Bramidits Can miroducs a rop OBIC Mdiety Thto the fieadpiece

design. Such insertighgbdithirraphobivruidies (no.trgdmégdeiigosambicueslyindtwe in the
molecule. Howeverpthe ipsestipBaannatiniesess Mibsibseauenh LR PRaG Usingradditional DNA tags
during 23 subsequently introduced into the library can also be modified at the C35 position of T

or C bases such that they also render the library more hydrophobic and soluble in

organic solvents for subsequent steps of library synthesis.

Table 4. Exemplary modified nucleotide bases

DATO

e
)

C—P N Pr)p
C—P—(PT) O-CNEL
L-Chie 5-Dimethoxytrityi-5-(1-Propvnyl)-2'-
5-Dimethoxytrityl-N4- deoxyUridine,3'-[(2-cyanoethyl)-
diisobutylaminomethylidene-5-(1- (N, N-diisopropyl)]-phosphoramidite
Propynyl)-

2'-deoxyCytidine,3'-[(2-cyanoethy!)-
(N N-diisopropyl}i-phosphoramidite

3]

HJ\: -~ F
I'JMTﬂ-—[(Cg:JN/
O-P-NLPr
Bt DTG
QO CMEL
P t{iPelp
5'-Dimethoxytrityl-5-fluoro-2'- L “‘G“Ef )
deoxyUridine, 3-[(2-cyanoethyl)- 5 ~D1meth0xytrrlty¥-:>-(p}ir§n- -yl-
(N, N-diisopropyl)]-phosphoramidite ethynyl)-2'-deoxyUridine,

3'-[(2-cyanoethyD)-(N N-diisopropyl)]-
phosphoramidite




the library synthesis or ensuing PCR reactions once a selection is complete or microarray analysis, if
used for tag deconvolution. Such additions to the headpiece design described herein would render the
headpiece soluble in, for example, 15%, 25%, 30%, 50%, 75%, 90 %, 95%, 98%, 99%, or 100%
organic solvent. Thus, addition of hydrophobic re§i ues into the headpiece design allows for improved
solubility in semi- or non-aqueous (e.g., organic) conditions, while rendering the headpiece competent
for nucleic acid tagging. Furthermore, DNA tags that are subsequently introduced into the library can
also be modified at the C5 position of T or C bases such that they also render the library more
hydrophobic and soluble inlerjeiricrsadiweltbdoresulbisebrrdpicstepd ohlibrariesysthiesiy. cEable 4.

Exemplary modified, gyclegtitle basgs &l 4f ofd %E’JQ%&QI&%%&&‘B&%%W%Wé'i%é}‘féfy of

diisobu__tylaminomethylidene-S-(l - Pro ynyl?- 21-deoxyCytidine,31-[ Z;C}/an_oeth )-
(N,N-diisopropyfilp 8o Freeeets phin SRty Rls e dgagpicce with the small
deoxyUridine,3'-[(2-gyaortiyhir(NLNdiis aRr epylhbphospherarnidite R B Linblzul O el Et
Propyny )2l o e I O s i) S i B Yy o T or -2 5
| organic solvent, for example, 15%, 25%, 30%, 50%, 75%, 90 %, 95%, 98%, 99%, or
100% organic solvent. The linker can be varied using model reactions prior to library
synthesis to select the appropriate chain length that solubilizes the headpiece in
organic solvent. Such linkers may include linkers with, e.g., increased alkyl chain
10 length, increased polyethylene glycol units, branched species with positive charges (to
neutralize the negative phosphate charges on the headpiece), or increased amounts of
hydrophobicity (for example, addition of benzene ring structures). |
The linker molecule may provide an appropriate spacer between the headpiece
DNA and member of a chemical library. For example, bifunctional linkers may be
15 used. In certain embodiments, bifunctional linkers may include, for example, three
parts. Part 1 may be a reactive group, which forms a covalent bond with DNA, such
as, €.¢., a carboxylic acid, preferably activated by a N-hydroxy succinimide (NHS)
ester to react with an amino group on the DNA (e.g., amino-modified dT), an amidite
to modify the 5° or 3’ end of a single-stranded DNA headpiece (achieved by means of
20 standard oligonucleotide chemisiry), click chemisiry pairs (azide alkyne cycloaddition
in the presence of Cu(]) catalyst), or thiol reactive groups. Part 2 may also be a
reactive group, which forms a covalent bond with the chemical library, either a
building block in the position A or scaffold moiety. Such a reactive group could be,
€.g., an amine, a thiol, an azide, or an alkyne for water based reactions or multiple
25  other reactive groups for the organic-based reactions. Part 3 may be a chemically
inert spacer of variable length, introduced between Part 1 and 2. Such a spacer can be
a chain of ethylene glycol units (e.g., PEGs of different lengths), an alkane, an alkene,
polyene chain, or peptide chain. The linker can contain branches or inserts with
hydrophobic moieties (such as, e.g., benzene rings) to improve solubility of the
30  headpiece in organic solvents, as well as fluorescent moieties (¢.g. fluorescein or Cy-
3) used for library detection purposes.
Examples of commercially available linkers include, e.g., amino-carboxvlic

linkers {e.g., peptides (e.g., 7-Gly-Gly-Gly-Osu or Z-Gly-Gly-Gly-Gly-Gly-Gly-



deoxyUridinc,314(2-cyanoethyl)- (N,N-diisopropyl)kphosphoramidite OILNI OT MO a
51-Dimethoxytrity1-5-(pyren-1-y1- ethyny1)-21-deoxyUridine,
3'4(2-cyanoethyl)-(N,N-diisopropyl)iphosphoramidite 0 -P-NOP42 b-cu 24 The linker molecule
between the headpiece and small molecule Iibrar){(Scan be varied to increase the solubility of the
headpiece in organic solvent. A wide variety of linkers are commercially available that can couple the
headpiece with the small molecule library. Linkers are empirically selected for a given small molecule
library 5design (scaffolds and building blocks) such that the library can be synthesized in organic

solvent, for examplesWsP D608, Fows 50t P20 1950809804 FH 6423 H DD oraisiessolvent.

fengih that solubiizen e TesE BIocs s e e, L e el 6.0

eng at solubilizes the headpiece in organic solyent, Such linkers may include linkers with, e.g.,

increased alkyl chafFPHTBl gt LTRSSy ARy G 01 TP BT R EBE S BCIAE M positve

charges (to neutrali2éufh&té gativezpheBphididiShangdkondtie Headgiece)-otidopteasend andounts of

hydrophobicityfgfor@3{@@&&% ' Bnlq%% ' rﬂiﬁiﬁ&%ﬁé@ﬁ%ﬁ;ﬁlw-lmm i‘!{'@\}ger molecule may provide
r

an appropriate spacer between the’hea ce DNAand member of a chemical library. For example,

bifunctional linkers Hiéppeursivisade piteekdiivkienssutioks GitddienarinkétBhiqay Métude, for
example, three parig:@arhidimay) Lekadeapive QEUPEMEN JoFms.aSYAIRRS bR dMIIDRNA, such as,

e.g., a carboxylic acid, preferahly.activated by a N-hydroxy succinimide (NHS) ester to react with an
amino group on the"bﬁ'ﬁ%f‘é{.’ﬁ{l}%ﬁpﬁoé-/'ﬁd&fé&l%?%ﬁ%af@%@é%ﬁ%ﬂﬁ%})oP‘ﬁ‘déﬁa 8f a
single-stranded DNAigreadpietck (Fohisied. by meanseli28siandadrdidfigonactedsidmchemystry), click
chemistry pairg(azide. allun, paloRdsitiandn ins aisrensr Akl aatalvsl Lo eagtive groups,

Part 2 may also be a réactive group, which forms a covalent bond with the chemical library, either a
building block in th&'FEaRIOIFAY bt -ScatsrPeHBiBIN Suchserrerdivehgrphpscydit e cBigk, an amine, a
thiol, an azide, or %@{Kmﬁw‘d\ﬁai@(@@M&%IWMyM@ﬁ)@,MEéﬁ@ggwe groups for the
organic-based reactlg)rg .OPraétl (;3 tgngydpn% C}%?@'?%%igﬁ[{ spacer of variable length, introduced
between Part 1 and’ 2 B¢ aspacer Can Be A Cham ot e %ylene glycol units (e.g., PEGs of different
lengths), an alkanepranasgkenepposenedsimivpaonpeoiiderchdi®)-Tseiliveloogrteontain branches or

inserts with hyidrophebigMRietRs (FUCh, A8.15:4n- PRRZEAENIRIRLY IRRIAVERUYDIY of the

30headpiece in organic solvents, as well as fluorescent moieties (e.g. fluorescein 6r Cy- 3) used for
library detection purposes PN B B mEIchepgricrsAasTeNMRERS it fre Hikfo-carboxylic
linkers (e.g., peptioésig. & f2iGitGiyrds!yyQSustr id <cdyn(S kool TSty kalyte, the headpiece

and linker combination is designed to have appropriate residues wherein the
octanol:water coeflicient (Poct) is from, ¢.g., 1.0 to 2.5
20
EXAMPLES
The following examples are intended {o illustrate the invention. They are not

meant to limit the invention in any way.

25  Example 1. Preparation of the headpiece (Variant 1)
A phosphorylated oligonucleotide headpiece (oligo HP) having the following
sequence was synthesized and HPLC purified by IDT DNA.
5" -(phosphate) TCCTGGCTGAGGCGAGAGTT(dT-C6-NH)
TTCTCTCGCCTCAGCCAGGACC-3’ {(SEQ ID NG: 51)

30 The oligonucleotide folds into a hairpin (Fig. 10) with an overhang and
contains a cleavage site (CCTCAGC) for restriction enzyme BbvCI or nicking
versions of this enzyme Nb.BbvC(l or Nt.BbvCl, which can cleave either the top or

bottom strand (New England BioLabs). In the middle of the hairpin loop, the side



25 Osu), PEG (e.g., Fmoc-aminoPEG2000-NHS or amino-PEG (12-24)-NHS), or alkane acid chains
(e.g., Boc-c-aminocaproic acid-Osu)), click chemistry linkers (e.g., peptides (e.g.,
azidohomalaninc-Gly-Gly-Gly-OSu or propargylglyeine-Gly-Gly-GlyOSu), PEG (e.g., azido-PEG-NHS),
or alkane acid chains (e g, 5-azidopentanoic aci%5(S)-2-(azidomethyl)-1-Boc-pyrrolidine, or
4-azido-butan-1-oic acid N- hydroxysuccinimide ester)), thiol-reactive linkers (e.g., PEG (e.g.,
SM(PEG)n NHSPEG-maleimide), alkane chains (e.g., 3-(pyridin-2-yldisulfany1)-propionic acid-Osu or
sulfosuccinimidyl 6-(3'[2-pyridyldithiol-propionamido)hexanoate))), amidites for oligonucleotide
synthesis (e.g., amifigimodtiflamotemerdi B:¢ififl iorostedyiBiito)HeSGE" refers to a carbon 6
10(2-cyanoethyl)-(Nih=ciSAREARYS RO &R Iy annidite) o Hhie! Madifiars (B, Srtbe-
mercaptohexy1-1-[(2-cyanoethyl)-(N,N-diisopropyl+phosphoramidite, or chick chemistry modifiers
(e.g., e-hexyn-1-y19@zewﬁﬁé}8‘m36-mmzﬁif-;lésmlow@ PREAPMERAAAHRE, SR f RS 1685 2-(3-(3-
propargyloxypropanarsidejsropanapitiegpedpyd s eeiloT Dviag-ab airifidatsylamiaql CPG, or
4-azido-butan-1-oic acig. N-hydroxysuceinimide ester)). ydrp ic,residues in the headpiece
design may be%/arig%gz\i/l\%t%t?fg% é?lu%%lllaﬁot!%(%gh |tc<'ﬁéLq I%?aﬁ;lyegyn%&e%ﬁ %]}]Q%Sﬁi‘?:reé%lvents. For
example, the headsiatecsir! ey cBRbinedib i€ dusiigred to have appropriate residues wherein the
octanol:water coefficient (RRENISHAGR o8 fle b A2Rr2B ESXOMRLES. waikhefolowing examples are

intended to illustrate the invention. They are not meant to limit the invention in any way. 25Example 1.

Preparation of the FEARTEES TV ART Frne-REGRE U Ry by dfspliae hedsiaee (oligo HP)
having the followingiSequenciswhssjmitesiden:duntidritRit qeuiifidd) ayd BrisBiNAd to the

5'-(phosphate) fFCCTGCCTGAG AGAGTT(AT-C6- TTCT CCTCAGCCAGGACC-3' (SEQ
ID NO: 51) SO)JI' e o@%%—ggoét%g%%& intg; oY ﬁ?ﬁ%%ﬁg%%%ﬁﬁgﬁ%%%ang én Feontains a

cleavage site (CCTERGE} 1o reospie oA eH AN BHVE b rifEkinG Wsesiemd Hiothis ek MrkiNb.BbvCl

or Nt.BbvCl, which gan gleave githesthedtamer sottomsiranss dNew Bngland Biokabs).ithe middle of
the hairpin loop, the side 253 ghai? CS-amino-mo_d'f'%ed d'%i%inse ted (dT-C6-NH; "C6" refers to a
carbon 6 linker), iR WAL (BB PIBP RS RO USHRY S &R RE & MISISSERYB00, approximately
45 ethyl_e_ne glycol teritgyrafive. fﬁw mdlﬁngm@rand&mé ers mmawéw,ﬁwﬂhmﬁm@mthesized
and purfied by JD dalifh 256! pitifiedivn stardasd = eaaltiag.daaass daqpugiraliges, such as the 3
end and PCR primers, were synthesized by IDT DNA and HPLC purified. Ten nanomoles of the
oligo HP were dissolved in ST RIIASPS30 1oid yapniizekcadglissolved in 100 pl water. 20 ul of
Fmoc-amino-PEG28g8-aaibaxyl ikl Sestat-tdenkemiTpehagiagy S Arwas dissolvadsia: 50 gl
dimethylformamide (DMF) and was added. to the 10 oligonucleogtide sojution in 2 pprtions, over the
Gourse of 2 hours o o Al e LA TR e BOb BRSO
Subsequently, 60 utwk reldasT i thiCaEO§e e dncargration 1ok 268 taviyassraiiittect thugueinch the
excess of NHSesteys. andihesneiviioniyas jnaHhatediae anspadiional 30 minues.at

temperature. The resulting reaction mixture was diluted to 500 ul with water and was t1§g§<{§']salted by
passing through a RIS iRt H sl s Tesd mesrprsstsy formpd thearedifit! material was
lyophilized and dissdiyachitedf: playétetd 20hs. dohibjipe titling(ta di fipabeontentiedion »f 20%) was
added and incubated f r r ture. A recipitate was formed due to
deprotection of the%ag#éﬁg%apr%éﬁgﬁg’s%%g} 'ﬁ%ﬁ%ﬁé@% Jgglﬁrﬁvo% %Sr@ugﬁ%ﬁig%ﬁon was then
filtered through purification (Fig. 11).

25
Example 2. Preparation of the headpiece (Variant 2)
A complete headpiece (HP-1) having the following sequence was prepared by
Trilink, Inc., following a similar procedure as described above, and RP-HPLC
purified.
30 57-(phosphatc) TCCTGGCTGAGGCGAGAGTT(ET-C6-NHYX)

TTCTCTCGCCTCAGCCAGGACC-3* (SEQ ID NO: 52)
where X stands for amino-PEG2000.



200.2-um spin-filters (Millipore) and precipitated using 300 mM sodium acetate by the addition of 3
volumes of ethanol. The Fmoc-protected form of the modified oligonucleotide was found to be soluble
in ethanol and isopropanol. Due to high coupling efficiency, the resulting headpiece (HP-1) was used
without further purification (Fig. 11). 25 Example %7 Preparation of the headpiece (Variant 2) A
complete headpiece (HP-1) having the following sequence was prepared by Trilink, Inc., following a
similar procedure as described above, and RP-HPEC purified.

305'-(phosphatc) TCCTGGCTGAGGCGAGAGTT(dT-C6-NH)(X) TTCTCTCGCC' TCAGCCAGGACC-3'
(SEQ ID NO: 52) wharsMestargafaesimefirorREO000ry2ieEdample 3. Synthesis of a model library

member Step I Couplingg,g}pjlfﬁgﬁm Hh%grﬁ@;ﬁo prepare a "library of 1," a model compound, 5 -(4,6-
_dichlorotriazinyl-aminoflugrescein) (I)DT ; Anaspec) (Fig. 12), was coupled to the 5amino group of

HP-1. DTAF structurally réhEs8ieP S pit o, e scamefe VermEAmivbompound coupled. To
form a library, trichliickitazine-acafields tande-dgivatizewithe)divgrsity, afbuilding hlasks at each of

the three chloripe pgsitions. DT. ides a fluorescent label ta the model library. The reaction
(10 RH was setg up as 1ol I%}r\?vlip C@‘Fgalﬁ %[?oﬁ%\g ﬁl}ﬁ%ﬂﬁﬂf 8‘_?3%38%%% r% \?f/% _é?%’%?‘ﬁ?%q%ﬁ orate 10
buffer, pH 9.5, and qnpragﬁ@mmm@r@da@def@dﬁmfoms IifoivadiloDnring 5affeldsant 12 ul was
added to the reactiQgr RalreRFEHFAHARS PRI bb AR AR AR MR R RQQMMANSLLRIM,

respectively, thus generating a 50-fold excess of DTAF. The final DMF concentration was 30%. It was

noticed that HP-1 stalat LSty p yaess ke foibonedeldigemadibsvacionib MR ¥rsorganic
solvent, e.g., DMF. sehep 15 fdpetiomwasiadidwe gito rporershatd G fontd620 bowss miesaaction

mixture was then dil ' ter to 30x and desalt a Zeha spin ¢ Pierce). No
further purificg'[?]on vlt\)/%@e?:’g\)r@r% Lblgt’zaé?(g tlﬁﬁsgfp%w %&%&%o%%%?%%ﬁ%%ﬁ%n Afétglﬁ B@F was
coupled to HP-1, odedAdveresacdod tgrdapeattitie Euuifetdcansteitene 46 thalHEvhiadbRHOF merdification.

We chose an amineiqiin aaaloe i Ze 4t Rentranine-Riatin (Bisreakdacoupienat this position in
order to generate aml inding compound (Fig. 12). The re%ction was set up as follows. 20 pl of the
reaction mixture cofta FOORT S DR SRR P PREC P {87 D alLBIsL ombSH 88 thMm borate

buffer, pH 9.5, and @@ nMdF odpentytariigd:{piatims Bhimbkedotiarowasaitowead ¢q pioke@edfor 4-12 hours

at 75C. The reactio t ifiad | 21 €883 SRIN 6 -85 described above. Step
3: Ligation of tlf?)g D%%\Q[ ?zfn ﬁgﬁé%ggr%&b%ﬁr? gglgofi:%zip%]%gra;t%% g%%%?(ég ?n%é lr?);‘r??rsher region and

5'and 3' PCR 'rime Heedprithegiss dopitimbrddesiidricdsias ke sourEdd @g)- 139 are as
follows. DNA Tag AliaR)pa RbesiEAGRAGIGT (EREQID NO: 53)

Step 2. Coupling of amino-biotin
20 After DTAF was coupled to HP-1, one more reactive group on the scaffold
molecule is still available for modification. We chose an amino-biotin analog, EZ-
Link Pentylamine-Biotin (Pierce), to couple at this position in order to generate a
model binding compound (Fig. 12). The reaction was set up as follows. 20 ul of the
reaction mixture contained around 200 pmol of HP-1-DTAF (Step 1) dissolved in 150
25  mM borate buffer, pH 9.5, and 10 nmol of pentylamine-biotin. The reaction was
allowed to proceed for 4-12 hours at 75°C. The reaction was then purified by

desalting on a Zeba spin column, as described above.

Step 3: Ligation of the DNA tags to HP-1-DTAF-biotin
30 Phosphorylated DNA tags (3° end primer region and 5 and 3° PCR primers)
were synthesized by IDT DNA. Oligonucleotide sequences (Fig. 13) are as follows,

DNA Tag Al (top): 5°-phos-GGAGGACTGT (SEQ ID NO: 53)



28 DNA Tag Al (bottom): 5'-phos-AGTCCTCCGG (SEQ ID NO: 54) DNA Tag BI (top):
5'-phos-CAGACGACGA (SEQ ID NO: 55) DNA Tag B1 (bottom): 5'-phos-GTCGTCTGAC (SEQ ID
NO: 56) DNA Tag ClI (top): 5-phos-CGATGCTCTT (SEQ ID NO: 57) 5DNA Tag CI (bottom):
5'-phos-GAGCATCGTC (SEQ ID NO: 58) 3' end {top): 5'-phos-GCTGTGCAGGTAGAGTGC-3' (SEQ
ID NO: 59) 3' end (bottom): 5'-AACGACACGTCCATCTCACG (SEQ ID NO: 60) 5' PCR primer:
5'-CTCTCGCCTCAGCCAGGA (SEQ 1D NO: 61) 3' PCR primer: 5-GCACTCTACCTGCACAGC (SEQ

ID NO: 62) 10Equivalent amounts of top and bottom pairs of tags and 3' end oligonucleotides were
dissolved in water and anHeéiekd oy héekatitgio BPBoamdrHrAping doviPEA HEN® 28D mM NaCl, 50 mM

Tris HCI, pH 7.0, buffer. Fiyg the, gauil SKW@%@W@@@%@?@M&%@WGC& The ligation
reaction (20 RI) contained 2.5 uM of TIP-1-DTAE-biotin and 2.5 uM of double- 15 stranded Al tag in Ix

T4 DNA ligase buffer and'80WeéwsS5 Liftsypx 2 DNt NEW EAGERIBRIPABY). The reaction was
incubated at 16C for 16 hbits. Thae igseilint -phosict ATt esgRreomany:dffthe tested gels,

including different percen f -urea, NativeP 5 R%.and 4% agarose E-gel
(Invitrogen, Inc.). Mobility%&?&%@%@gg{}l#&‘?é%sdl |eeg(\7$v%%‘§1 %r%g%%g %TAF-biotin, was
mostly determined by the Jrasiiten:of thleseltir & (S FaMEr TREHEY the-BINFERSBI @i hot shown). To

test the efficiency of the ligatignpuidigated albiags andfcend eligonuslentides ard fgrformed PCR
assays of the resulting construct to confirm_the ligation efficienc%. The [i%ation reaction (70 pi)

contained: 2.5 tiM of HP-2-D FARBAN? 25 ttv-Sf eathie? frad B &hnded DNA tags (Al
25BI, and CI), as well as thie?8Repmihiag ;SIXGRAADNAT nasSE®uKers aod 20 NY@Iss ém)its of T4 DNA
ligase. The reaction was incubated at 16C for 20 hours. The reaction mixture was loaded on a 4%
agarose gel anfl the fluordsEéridmamavat ekiracrebbnbemprirgel Fngnd dtendl was used for the test

gg,cch.Ie Finge%mp'lﬁigaaﬂaﬁéépﬁm%m@a@ﬁeggﬁm& Qﬁ‘fﬁﬁﬁ&@@@?ﬁ@mﬁ%&&?g‘ﬁéﬁrﬁr% summarize.dh
in Fig. 13. tep 4; Purification o -1- -biotin on streptayidin beads and reaction wit
streptavidin Puﬁﬁ%ﬁ%‘%‘ﬁ’ﬁ@-ﬁ%‘?&&qﬂlﬁﬂ]ﬁ\’%@g‘)c&%?d}ﬁ HShyBynafignetic beads M-280
(Invitrogen) serves as a ni"t’ndelﬂﬁardafﬂ:ﬂ&tytmt_m_itiﬁhtﬁgrﬁfaeltgammahamédpﬁetaggéd ligréwy. SA bga_ds
were pre-equilibrateg I ax #tR bullaheeaiiNga 3o THien; il dRa 33 ARIQ) Gl -DTAF-Diotin

were loaded on 25 pi of the pre-washed SA beads for 15 minutes at room temperature with tumbling.

The flow-throulgh wiEedibttelsind et adignsrduiksnad & tises rsisofmhitba ligeel mi of the

same buffer. A finakMmaskwasdBIE0ENSd BiSR6fHoh HAynintasamith 30 pd wateksl Orfeollected). The
beads were eluted witt] 30 pl %f 25.mM EDT1A and 5 m%ﬂ NaOH.for, 10 mir(]ute .at 90C, and the eluent
ultm u Y E&I ?

was immediately néutralized by 44 fing I RPoFIFFHS cﬁﬁdﬁﬁls PRPHIE R TS

tavidin binding
experiment, 5 p1 ofptieceiagis niSEifplecawéravieRaghatet$ WitkiEinoe Xeessdolstreptavibligen 50 mM

NaCl/10 mM Tris Hgl, lde&0rfes. LodBiminutar: JieRRMAIAS WkeruxGth itk aglkipasing buffer

without boilingzand o .
0 DTAF-biotin, was mostly determined by the presence of these groups rather than by

the DNA itself (data not shown). To test the efficiency of the ligation, we ligated all
tags and 3° end oligonucleotides and performed PCR assays of the resulting construct
to confirm the ligation efficiency. The ligation reaction (70 ul) contained: 2.5 pM of
HP-1-DTAF-biotin; 2.5 pM of each of the ammealed double-stranded DNA tags (A1,
25  Bl, and C1), as well as the 3* end tag; 1x T4 DNA ligase buffer; and 210 Weiss units
of T4 DNA ligase. The reaction was incubated at 16°C for 20 hours.
The reaction mixture was loaded on a 4% agarose gel and the fluorescent band
was extracted from the gel. This material was used for the test 24 cycle PCR
amplification using primers 5’ and 3’ as described above. The results are summarized

30  inFig. 13.



resolved on a 4-12% SDS NuPage gel (Invitrogen) using MES running buffer. The results are
summarized in Fig. 14. Example 4. Coupling of H(Arg-cAhx)6-Arg-01-1 peptide to HP-1-DTAF 20We
have chosen an arginine-rich peptide R7, H(-Arg-sAhx)6-Arg-OH (Bachem), to use as another
modification for the last reactive group on the triazjne scaffold. This is an arginine-aminohexanoic acid
cell membrane permeable peptide used for intracellular compound delivery. The reaction was set up
similar to the reaction conditions described above: 20 p.1 reaction contained around 200 pmol of HP-
251-DTAF (Step 1) dissolved in 150 mM borate buffer, pH 9.5, and 10 nmol of R7 peptide. Under

these conditions, the sideStdrafn8 o tireiargihifed d/ dbthieiutoasitetihe b radeavd raadlive in the

peptide is the N- termmugmg’,{a@gﬁlaction was allowed to proceed for 12 hours at 75C and was then
purified by desalting on a Zepa spln column. 30 _30 The DNA construct used for the chemical

"library of 1" intracellular g&ff\ﬁgw‘@&%ﬁ%éRWSkﬂ?é‘ﬁé’?’eﬁrﬁ%?ﬁlg“?’@ﬁ)d?éiﬂ?}éf‘?ﬁnﬁt\?Iklef‘fjfﬁlA single
clone of -400 bp feaﬂmmmvlﬂc@mmteesrmaonoabllﬁa Sffaig addebaosifortiantizadyaBhstant Cmu

region close to he 8.gnsiRLihe molecle, e ipibe DNARNEL 9. 1he Amedfed

headpiece of the mo striction site was appende ups ream of the T7

promoter region by PR Erh@flifiédmste bt the dIdheA Bhintirawrichefediest plodtieeregstig overhang,

which allowed ligation te.theha3dRiaas; (3 1edmeuaHiamsh: ThemmpIimerminBamt it tmderlined)
was synthesized by IRT L\rl : @C 105 GGAT CCGAATGC TAATACG CTC@ TATAGGG-

ACAATTACTALLT ?“mﬁfﬂf Rs4FE DNA
construct was purlfhdfmlmgfmd?@ﬁ%}pwailpatfm& {rddittoge my, mmdtthmrﬂslﬂtMgvﬁiNA was digested

with 260 U Berhl (N EalenPiRLansl a\ S5 NGB hufas 4 orbaurs, T Pl s purifed 15

on a 2% agarose gel. The ligation reaction (30 pi) contained 2 pmol of eachDNA construct, digested
with Bsml, as well 4§ 1puiest %@@é@.ﬁm@m&%@ ¥ %H@é?ﬂlbﬁ?@ﬁiﬁgﬁﬁmm\%ase buffer
and 60 Weiss unitspfsﬁfcﬁ)lﬂﬁ‘yigase (New England BioLabs). The reaction was incubated at 16C for
20 hours. Due to high efficiency of the |i .the materlal vya #thhe used for he intracellular

20delivery/T7 RNAP exper (i’r’*r#e’ ?vﬁﬁa"“gi‘hr th ”%u}f*ﬁ%g?% TR sm?'ﬂr%a i7&d in Fig. 15.
Example 6. Synthesisubhtk@xdit: Elbﬂfmyssoéptd_eli_ug'ahomdﬂthé/m@@l/ﬁ@ thlFeadpid cgHH.T25In this

exemplary libregy, aply,BRAUORFEANS AR Waeth QRE9.AS 9@1‘&?&%}%’& LoilhifieAR0 has the
following sequence: DNA Tag AI %é) E)Sghos GGAGGKCTGT ID NO: 64) DNA Tag Al
I

(bottom): 5'-phos-AEPEedreaedd uljesess) @@"Wﬁ’%ﬂr’éflﬂ% SratRiRe4uifRh 455 mol of each
~ Tag Al top and Tagréshlts are sumrmarized in Fig. 14.

Example 4. Coupling of H{-Arg-cAhx)s-Arg-OH peptide to HP-1-DTAF

20 We have chosen an arginine-rich peptide R7, H(-Arg-eAhx)s-Arg-OH
(Bachem), to use as another modification for the last reactive group on the triazine
scaffold. This is an arginine-aminchexanoic acid cell membrane permeable peptide
used for intracellular compound delivery. The reaction was set up similar to the
reaction conditions described above: 20 ul reaction contained around 200 pmol of HP-

25 1-DTAF (Step 1) dissolved in 150 mM borate buffer, pi 9.5, and 10 nmol of R7
peptide. Under these conditions, the side chains of the arginines do not react, and the
only reactive amine in the peptide is the N-terminus. The reaction was allowed to
proceed for 12 hours at 75°C and was then purified by desalting on a Zeba spin
column.

30
Example 5. DNA construet for intracellular T7 RNAP delivery detection

experiment



30 bottom oligos in Ix T4 DNA ligase buffer and were annealed by heating to 95C for 1 minute,
followed by cooling to 4C at 0.2'C/second. The sample was then brought to 16C. 300 Weiss Units of
14 DNA ligase was added and the samples were allowed to 31 incubate for 16-20 hours at 16C.
Following the ligation, HP-T-A was desalted usin f Zeba column (Pierce). See, e.g., Fig. I6A, Step 2.
Ligation of tags B1-B12 and C tags 5Twelve ligation reactions were set up similar to the ligation
reactions described above. In each of 12 tubes, 5 nmol pairs of BI-B12 top and bottom oligos were
added to Ix T4 DNA ligase buffer and annealed as described above. HP-T-A was dissolved in Ix T4
DNA ligase buffer. 2.5 nmbioPNR<Postweresedi frcted anhed Elibpatpioé $” Boweiskhuditsraf T4 DNA

ligase were added {geagh-Hibe 4940 45acHAMT WIS ALPYEHIOROCEREI{U AR BPUESAI6C.
Following the incubation, each reaction mixture was |nd|V|duaII% desaltedon a 0.5 ml Zeba spin

column, equilibrate FRHRRES0 NPESstE RIS Prood HiApEbers sRusiEd SIBF Egtouric

chloride (50 nmol), dissalved in ageionitrie)wak atdtedandiincukatethfeskiubourgat 4C. Following

this incubation,.a 100x ss {250 nmol, i.e., bx excess.15relative to cyanouric chloride) of amines Bl
-B12, dissolvecf?n a{:ggctl(i)?rf]éi relillgao 15%%%@%%5?’06 %1%23(??;21-3&6%#(?%36%}&% {1R8 ?l‘gtfa‘f‘éaa BI-B12 tags. The
reaction with aminezppgaded|lawestaoobitbe dédfonoBritogirs by FCRFoliza thisfbactims.the library was

pooled, desalted t%?&&fmi&‘%ﬁge&%m@gg’lmwgﬁg&sﬁﬁcﬁ@lmlx:{ci:gﬁig]aﬁgnqg%gGC' 20Like

the reactions above, the C tag,s and amines are added using similar reaction conditions to those
described above. GIFRPERTKD ditheEIRISG UL RE i RSt EREsBheh Stadripfickfons mentioned in
the above 25specifigatiani as¢ hailgbyiisorparated by reference. Various modifications and variations

of the describeg method and system of the-pyenii i t lled in the art without
departing frorr? Qhe scope and spé?t@ﬁ%ﬁél?rd\\{; X%;R?.P; o%%ﬁ%h@%@g?ﬁoqgézfsi@a%ﬁ described in
connection with specific embodifi&rtd it Akdutd beAdntidisté6eMEdi B Wik Gion as claimed should

not be unduly limited to 3@,8uiheResiicpmbadimentspladestinRrious mesificatigns mighe described
modes for carrying outghe,inve,ntlon, that are obvious to those skilled in the art are intended to be
f

within the scope of PHERTVETHER M5 %Rk A Seshrsuiine SR nvvredusind Wiihat0d cisled is: 33
Claims 1. A method¥é+afygihg IBIA-entadeiChentithbliffearids: Saidmethodsenmprisiagibinding a first

functional groyp of a hifincti linket-ta @n initiator. Soligenucleotide at the 5' end id.ipitiator
oligonucleotide, Wherte%%ﬁ §%é§%%aé?o'r_oﬁg%&eﬁget%ou@n%csg% Iﬁﬁr]%&?gngf |%%2&?‘(??%§a hairpin
structure, and bindifRj:EregeBiggstehetitratahouyel sallbifdAEASHA (MrBYne-sdipphpEmeitt of said
chemical library.  acid peptide) in 1x T4 DNA ligase buffer and 60 Weiss units of T4 DNA ligase (New

England BioLabs). The reaction was incubated at 16°C for 20 hours. Due to high
efficiency of the ligation, the material was further used for the intraceliular
20 delivery/T7 RNAP experiment without further purification. The results are

summarized in Fig. 15,

Example 6. Synthesis of 10x10 Library
Step 1. Ligation of the tag A to the headpiece HP-T
25 In this exemplary library, only positions B and C are used, One tag A is
ligated to HP-T. The tag has the following sequence:
DNA Tag Al (top): 57-phos-GGAGGACTGT (SEQ ID NO: 64)
DNA Tag Al (bottom): 5’-phos-AGTCCTCCGG (SEQ ID NO: 65)
30 nmol of HP-T were mixed with 45 nmol of each Tag A1 top and Tag Al
30 bottom oligos in I1x T4 DNA ligase buffer and were annealed by healing 10 95°C for 1
minute, followed by cooling to 4°C at 0.2°C/second. The sample was then brought to

16°C. 300 Weiss Units of T4 DNA ligase was added and the samples were allowed to



102. The method of claim 1, wherein said initiator oligonucleotide comprises a first identifier region.

3. The method of claim 2, wherein said initiator oligonucleotide comprises a second identifier region
hybridizes to said first identifier region of the initiator 150ligonucleotide. 4. The method of claim 3,
wherein the second identifier region comprises aﬂuorescent tag or biotin label. 205. The method of
claim 4, wherein said second identifier region is not amplified prior to analysis following a selection
step. 6. The method of any one of claims 1-5, wherein said bifunctional linker, initiator

oligonucleotide, first identifier region, or second identifier region is modified 25 to increase solubility of
a member of said Dp¢abeindodEdBhmvital Jkardobcorgatic bewrtitons: T7A vandtsdtbdbengating

DNA-encoded librafigsysaighmetpdopmprising rg) ggating a first diversity node; 30(b) encoding said
first diversity node in separate vessels; (c) pooling said first diversity node; and 34 (d) splitting said
pooled first diversity node into a second set of separate vessels, wherein said first diversity node

reacts to form a second diversity.noder bBaghs nigthae/af glgim 7, wherein the second diversity node
is not encodedsand pooled. 07]19 O%ZWOZ sequence Listing.TX EQUIIIENC - LISTING <110>
X-CHEM, INC.’<120> T SR A S B K N BRATERCBED LIBRARIES
<130> 50719/002WesrikeiistsveCm/esspef 116 0eg13nmol pairs of B1-B12 top and bottom oligos
were added to 1x T4 DNA ligase buffer and annealed as described above. HP-T-A
was dissolved in 1x T4 DNA ligase buffer. 2.5 nmol of HP-T-A were aliquoted in
these 12 tubes. 30 Weiss units of T4 DNA lipase were added to each tube and
10 reactions were allowed to proceed for 20 hours at 16°C. Foliowing the incubation,
each reaction mixture was individually desalted on a 0.5 ml Zeba spin column,
equilibrated with 150 mM borate buffer, pH 9.0. To each tube, a 20x excess of
cyanouric chloride (50 nmol), dissolved in acetonitrile, was added and incubated for
1.5 hours at 4°C. Following this incubation, a 100x excess (250 nmol, i.e., 5% cxcess
15  relative to cyanouric chloride) of amines B1-B12, dissolved in acetonitrile or DMF,
was added in correspondence with the ligated B1-B12 tags. The reaction with amines
was allowed to proceed for 20 howrs at 4°C. Following this reaction the library was
pooled, desalied twice on 2-ml Zeba columns and fvophilized. See, e.g., Figs. 16B
and 16C.
20 Like the reactions above, the C tags and amines are added using similar

reaction conditions to those described above,

Other Embodiments
All publications, patents, and patent applications mentioned in the above
25  specification are hereby incorporated by reference. Various modifications and
variations of the described method and system of the invention will be apparent to
those skiiled in the art without departing from the scope and spirit of the invention.
Although the invention has been described in connection with specific embodiments,
it should be understood that the invention as claimed should not be unduly limited to
30 such specific embodiments. Indeed, various modifications of the described modes for
carrying out the. invention that are obvious to those skilled in the art are intended to be

within the scope of the invention.



<141> 2010-02-16 <150> 61/152,508 <151> 2009-02-13 <160> 65 <170> Patentin version 3.5
<210>1 <211>10

32

(Other embodiments are in the claims.

What 1s claimed is:



<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial oligonucleotide
Sequence: Synthetic <400> 1 cctccggagalO <210> 2 <211> 10 <212> DNA <213> Atrtificial
Sequence <220> <223> Description of Artificial sequence: Synthetic oligonucleotide

10

15

20

25

30

33

Claims

1. A method of tagging DNA-encoded chemical libraries, said method
comprising binding a first functional group of a bifunctional linker to an initiator
oligonucleotide at the 5” end of said initiator oligonucleotide, wherein said initiator
oligonucleotide bound to said bifunctional linker forms a hairpin structure, and
binding a second functional group of said bifunctional linker to a component of said

chemical library.

2. The method of claim 1, wherein said initiator oligonucleotide comprises a

first identifier region.

3. The method of claim 2, wherein said initiator oligonucleotide comprises a
second identifier region hybridizes to said first identifier region of the initiator

oligonucleotide.

4. The method of claim 3, wherein the second identifier region comprises a

fluorescent tag or biotin label.

5. The method of claim 4, wherein said second identifier region is not

amplified prior to analysis following a selection step.

6. The method of any one of claims 1-5, wherein said bifonctional linker,
mitiator oligonucleotide, first identifier region, or second identifier region is modified
10 mcerease solubility of a member of said DNA-encoded chemical library in organic

conditions.

7. A method of creating DNA-encoded libraries, said method comprising:
(a) creating a first diversity node;
{b) encoding said first diversity node in separate vessels;

{c) pooling said first diversity node; and



<400> 2 tccggaggacl0 <210> 3 <211> 10 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 3 ccggcgccgall <210> 4 <211> 10
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial Sequence: Synthetic
oligonucleotide <400> 4 ggcgcoggaclO Page 1 F% 719 _002WO02_sequence_tisting. TXT <210> 5
<211> 10 <212> DNA <213> Artificial sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 5

(d) splitting said pooled first diversity node into a second set of separate
vessels, wherein said first diversity node reacts to form a second diversity

node.

5 8. The method of claim 7, wherein the second diversity node is not encoded

and pooled.



ccggtaccgal0l <210> 6 <211> 10 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic oligonucleotide <400> 6 ggtaccggacl0 <210> 7 <211> 10 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 7 cccacgtggalO <210> 8 <211> 10 <212> DNA <213> Atrtificial Sequence <220> <223>

Description of Artificial Sequence;j@Xgﬂb%%@ig’%ﬂu&l@gtig%§14,(;5)_>D§rcacgtgggaclo <210>9<211> 10
<212> DNA " SEQUENCE LISTING

<118> X-CHEM, INC.
<120> METHODS OF CREATING AND SCREENING DNA-ENCODED LIBRARIES
<130> 50719/002w02

 «140> PCT/US2010/024314
<141> 2010-02-16

<150> 61/152,508
<151> 2009-02-13

<160> 65
<170> PatentIn version 3.5

<210> 1

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> pescription of Artificial Sequence: Synthetic
oligonucleotide

<400> 1
cctecggaga 10

<210> 2

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic
oligonucieotide

<400> 2 .
tccggaggac 10

<210> 3

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> pescription of Artificial sequence: Synthetic
oligonucieotide

<400> 3
ccggegeega 10

<210> 4

<211> 10

<212> DNA

«213> artificial Sequence

<22(>
<223> pescription of Artificial Seguence: Synthetic
oligonucleotide

<400> 4
ggcgceggac 10
Page 1



<213> Artificial Sequence <220> <223> Description of Artificial sequence: Synthetic oligonucleotide
<400> 9 ecgagctcgalO <210> 10 50719 _002WO02_Sequence_Listing. TXT <211> 10 <212> DNA
<213> Artificial sequence <220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 10 gagctcggacl0 <210> 11 <211> 10 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence; thetic ?i onucleotide <400> 1.1 ccggatccgalO <210> 12 <211>
10 <212> DNA <213> Atrtificial Sesc%%%ﬁ%g%“ﬁ) 0%63355%%2 éssct}'i%?ibufﬁng Artificial Sequence: Synthetic
oligonucgﬂagd%dow 12 ggatccggacl0 <210> 13 <211> 10 <212> DNA <213> Atrtificial sequence
>1

<220> % escription of Artificial Sequence: Synthetic oligonucleotide

<212> DNA
<213> Artificial Seqguence

<220>
<223> Description of Artificial Seguence: Synthetic
oligonucleotide

<400> 5
ccggtacega 10

<210> 6

<211> 10

<212> DNA

<213> Artificial Sequence

<220
<223> pescription of Artificial Segquence: Synthetic
oligonucleotide

<400> 6
ggraccggac 10

<210> 7

<211> 10

<212> DNA

<213> Artificial Sequence

<220> '
<223> Description of Artificial sequence: synthetic
oligonuciectide

<400> 7
cecacgtgga ' 10

<210> 8

<211> 10

<212> DNA

<213> artificial sequence

<220>
<223> pescription of Artificial Sequence: Synthetic
oligonucieotide

<400> 8
cacgtgggac 10

<210> 9

<Z211> 10

<Z212> DNA

<213> Artificial seguence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucieotide

<400> 9
ccgagetcga 10

<210> 10
Page 2



<400> 13 ccatcgatgalO <210> 14 <211> 10 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 14 atcgatggacl0 <210> 15 <211>
10 <212> DNA <213> Artificial Sequence 50719 002WO02_Sequence_Listing. TXT <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 15 ccaagcttgalO <210> 16 <211>

10 <212> DNA <213> Atrtificial S@gyg@t@ﬁ@%@%&% Description of Artificial Sequence: Synthetic
oligonugleatidm <400> 16 aagcttggacl0 <210> 17 <211> 10 <212> DNA <213> Atrtificial Sequence

<220> %%b%s}gricp%in of Artificial Sequence: Synthetic oligonucleotide <400> 17 ccagatctgalO

<210> T <>2ff§116 < 25>ef)lﬁ2\c3213> Artificial Sequence <220>
<220>

<223> pescription of Artificial sequence: Synthetic
oligonuciecotide

<400> 10
gagctcggac 106

<210> 11

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Dpescription of Artificial Sequence: synthetic
oligonucieotide

<400> 11 .
ceggatecga 10

<210> 12

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 12
ggatceggac 10

<210> 13

<211> 10

<212> DNA

<213> Artificial sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucieotide

<400> 13
ccatcgatga : 10

<210> 14

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Pescription of Artificial Seguence: Synthetic
oligonucleotide

<400> 14
atcgatggac 10

<210> 15
<211> 10
<212> DNA
<213> artificial sequence
Page 3



<223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 18 agatctggacl10 <210> 19
<211> 10 <212> DNA <213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 19 ccgaattcgalO <210> 20 <211> 10 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic Page 4

50719_002W02_Sequence_Listi@gﬁ@(‘%@i%ﬂgg@gﬂ@g E4Qg31gprg@attcggaclo <210> 21 <211> 10
<212> DNA <213> Atrtificial sequence <220> <223> Description of Artificial Sequence: Synthetic

oligonl@f ide <400>.21 c gat a10§<g10> @5%%%‘% <212> DNA <213> Artificial Sequence
<220> < §>0 S"""‘Lét‘;égté) Ar"tﬂiﬁiﬁ]ﬂc aequgﬂ%ee: Synt eﬁc oﬁgonucleotide <400> 22

<400> 15
ccaagcttga 10

<210> 16

<21i> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucieotide

<400> 16
aagcttggac 10

<210> 17

<211> 10

<212> DNA

<213> Artificial Seguence

<220> ‘
<223> Description of Aartificial sequence: Synthetic
oligonucleotide

<400> 17
ccagatctga 10

<210> 18

<211> 10

<212> DNA

<213> Artificial seguence

<220
<223> pescription of Artificial sequence: Synthetic
oligonuclieotide

<400> 18
agatctggac 10

<210> 189

«211> 10

<212> DNA

<213> Artificial Seguence

<220> - .
<223> Description of Artificial Sequence: Synthetic
otigonucleotide

<400> 19
cecgaaticga 10

<210> 20

<211> 10

<212> DNA

<213> artificial Sequence

<220>
<223> bescription of Artificial Sequence: Synthetic
Page 4



tgatcaggacl0 <210> 23 <211> 10 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial sequence: Synthetic oligonucleotide <400> 23 cccatatggalO <210> 24 <211> 10 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
<400> 24 catatgggacl0 <210> 25 <211> 10 <212> DNA <213> Artificial Sequence <220> <223>

Description of Artificial Sequence; tj'IEB igonucleati <4§ > _
50719_002W@2ig8@m@e@e¢¢ist‘ier518%% gaﬁé%ﬁ%%:??la%gzggi% gé%i 10 <212> DNA <213> Artificial
Sequerlge §2%O> <223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 26
gcaggtgg%@&g%ajew 27 <211> 10 <212> DNA <213> Artificial Sequence <220> <223»gDescription of
Artificial Sequence: Synthetic oligonucleotide <400> 27 gaagacgctt10 '

210> 21
<211l> 10
<212> DNA
<213> Artificial Sequence

<220>
<223> pescription of Artificial Sequence: Synthetic
oligonucTeotide

<400> 21
cctgatcaga ‘ 10

<210> 22

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial sequence: Synthetic
oligonucleotide

<400> 22
tgatcaggac 10

<210> 23

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> pescription of artificial Sequence: Synthetic
oligonucleotide

<400> 23
cccatatgga 10

<210> 24

<211> 10

<212> DNA

<213> Artificial sequence

<220>
<223> Description of Artificial sequence: Synthetic
oligonucleotide

<400> 24
catatgggac 10

<210> 25

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> bescription of Artificial sequence: Synthetic
oligonucleotide

<400> 25
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<210> 28 <211> 10 <212> DNA <213> Atrtificial-Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 28 gcgtcttctc10 <210> 29 <211> 10 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence: Synthetic oligonucleotide <400>
29 gaccagactt10 <210> 30 <211> 10 <212> DNA <213> Artificial Sequence <220> <223> Description

of Artificial sequence: Synthetic ogi(gﬂ@ugmgesgégg% S0 gietagtcte10
50719 fQ2We2-tSequence_tisting. TXT <210>31'<211> 10 <212> DNA <213> Artifidial Sequence

<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 31 gacgactctt10
<210> 32 21> 10 <212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequeﬁééls%ﬁthetic oligonucleotide <400> 32 gagtcgtctc10 <210> 33 <211> 10 <212> DNA <213>

Artiﬁdaj%éﬁ%?iﬁgp%equence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 26
gecaggttctc 10

<210> 27

<211> 10

<212> DNA

<213> artificial Sequence

<220>
<223> pascription of Artificial Sequence: Synthetic
otigonucleotide

<400> 27
gaagacgctt _ 10

<210> 28
<21i> 10
<212> DNA
<213> artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 28
gcgtecttete 16

<210> 29
<211> 10
<212> DNA
<213> Artificial seqguence

<220>
<223> pescription of Artificial sequence: Synthetic
oltgonucleotide

<400> 29
gaccagactt 10

<210=> 30

<211> 10

<212> DNA

<213> Aartificial sequence

<220>
<223> bescription of Artificial Sequence: Synthetic
oligonucieotide

<400> 30 :
gtctggtctc 10
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<223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 33 gacgcttctt10 <210> 34
<211> 10 <212> DNA <213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <400> 34 gaagcgtctc10 <210> 35 <211> 10 <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial sequence: Synthetic oligonucleotide <400> 35

gagcaaccitl0 <210> 36 <211> 1905%%‘250%@_% uence_Listing. TXT
50719 003We2_Sequence_Listing. TXT <213> Aﬁtificial”Sequence <220> <223> Description of

Artificiad? >u§@10e: Synthetic oligonucleotide <400> 36 ggttgctctc10 <210> 37 <211> 10 <212> DNA
<213> Lciajf%ﬁq@egrpe;g@%gaézz» Description of Artificial sequence: Synthetic oligonucleotide
<400> 37 %agccatcttlo <210> 38 <211> 10 <212> DNA <213> Atrtificial Sequence <220> <223>

Descrig§ghlob Astificiak Sequence; Syniheticigenucipatids i c

oligonucleotide

<400> 31
gacgactctt 10

<210> 32

<211> 10

<212> DNA

<213> artificial Sequence

<220>
<223> pbescription of Artificial Sequence: Synthetic
oligonucleotide

<400> 32
gagtcgtctc . 10

<210> 33

<211> 10

<212> DNA

<213> Artificial seguence

<220>
<223> pescription of Artificial Sequence: Synthetic
oligonucieotide

<400> 33
gacgcttcett 10

<210> 34

<211> 10

<212> BNA

<213> artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
otigonucleotide

<400> 34
. gaagegtcic 10

<210> 35

<21l> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
coligonucleotide

<400> 35
gagcaacctt 10

<210> 36
<211l> 10
<212> DNA
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<400> 38 gatggctctc10 <210> 39 <211> 10 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 39 gcaaccactt <210> 40 <211> 10
<212> DNA <213> Artificial Sequence <220> <223> Description of Artificial Sequence: Synthetic
oligonucleotide <400> 40 gtggttgctc <210> 41 <211> 10 <212> DNA <213> Atrtificial sequence <220>

50719 002w02_Sequence Listin <223> ctiption of Atificial sequence: Synthetic
oligonqulgp;id@sﬁﬂe?aﬂsgqag@g%%tﬁ“g@ 1212@<S§11> 1T)U<2112té DNA <213> Artificial Sequence

<220> <223> Description of Artificial sequence: Synthetic oligonucleotide <400> 42 gtctgtgctc <210>

43 <2]§L§ 1 G2t JONA 0218 Artificial Seauense s@d223> Description of Artificial Sequence:
Synthetic oligohigcleotide ®480> 43 gcgatcactt10 <210> 44 <211> 10 <212> DNA <213> Artificial

Sequengggs229> <223> Description of Artificial sequence: Synthetic oligonucleotide <400> 44
gtgatcaetectgetctc 10

<210> 37

<211> 10

<212> DNA

<213> Artificial Sequence

<220
<223> Description of Artificial Sequence: Synthetic
oligonucieotide

<400> 37
gagccatctt 10

<210> 38

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 38
gatggctete 10

<210> 39

<211> 10

<Z212> DNA

<213> Artificial sequence

<220> .
<223> pescription of Artificial Sequence: Synthetic
aligonucteotide

<400> 39
gcaaccactt 10

<210> 40

<211> 10

<212> DNA

<213» Artificial Sequence

<220>
<223> pescription of Artificial Sequence: Synthetic
oligonucleotide

<400> 40
gtggttgetc 10

<210> 41

<211> 10

<212> DNA

<213> artificial Sequence

<220>
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<210> 45 <211> 10 <212> DNA <213> Atrtificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 45 gcggttactt <210> 46 <211> 10 <212> DNA <213>
Artificial Sequence <220> <223> Description of Atrtificial sequence: Synthetic oligonucleotide
50719 _002w02_Sequence_Listing. TXT <400> 46 gtaaccgctcl0 <210> 47 <211> 10 <212> DNA

<213> Artificial sequence <220> §O’)7%§>0@%ig@a[}e%@_rgfigjtqln%gg%ence: Synthetic oligonucleotide
<400> 47 gcaigacetblq of2 0148 £2HEY Fdqudhze: DiYAwk2d 8> Artificial Sequence <220> <223>
Description of Arfiti4l! S&jdénce: Synthetic oligonucleotide <400> 48 ggtcatgctc10 <210> 49 <211>
10 <212mENA <213> Artificial Sequence <220> <223> Description of Artificial Sequence: Synthetic
oligonuisleeriths ®400> 49 gegtactctt10 <210> 50 <211> 10 <212> DNA <213> Artificid’Sequence
<220>

<210> 42

<211> 10

<212> DNA .
<213> Artificial Sequence

<220
<223> Description of Artificial Sequence: Synthetic
oligonucTeotide

<400> 42
gtetgtgotc 10

<210> 43

<21l> 10

<212> DNA

<213> Artificial Seguence

<220>
<223> pescription of artificial sequence: Synthetic
oligonucieotide

<400> 43 .
gcgatcactt 10

<210> 44

<Z211> 10

<212> DNA

<213> artificial Sequence

<220>
<223> Description of Artificial Sequence: synthetic
oltigonucieotide

<400> 44
gtgatcgelc 10

<210> 45

<211> 10

<212> DNA .

<213> Artificial Seguence

<220>
<223> pescription of artificial Sequence: Synthetic
oligonucleotide

<400> 45
gcggttactt 10

<210> 46
<211> 10
<212> DNA
<213> Aartificial Sequence

<220>
<223> pescription of Artificial Sequence: Synthetic
oligonucleotide
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<223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 50 gagtacgctc10 <210> 51
<211> 43 <212> DNA <213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic oligonucleotide <220> <221> modified_base 50719 _002WO02_Sequence_Listing.TXT <222>
(21)..(21) <223> t-NH2 <400> 51 tcctggctga ggcgagagtt tttctctcge ctcageccagg acc43d <210> 52 <211>
43 <212> DNA <213> Art cial SeguiBRCE5589%
oligonuglemtidg <220> <221> modified_base <222> (21)..(21) <223> t-amino-PEG2000 <400> 52
tcctggERR§EEagagtt tttctctcge ctcagecagg acc43 <210> 53 <211> 10 <212> DNA <H 3> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 53

ggaggaé%ﬂ(ﬁ'@lw 54 <211> 10 <212> DNA <213> Atrtificial Sequence
<2T1> 10

<212>
<213>

<220>
<223>

<400>

DNA
artificial Sequence

pescription of Artificial Sequence:

oligonucleotide

47

gcatgacctt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

48
10
DNA
artificial Sequence

pescription of Artificial Sequence:

oligonucleotide

48

ggteatgetce

<210>
<211>
<212>
<213

<220>
<223>

<400

49
10
DNA
Artificial seguence

pescription of Artificial Sequence:

oligonucleotide

49

gcgractett

<210>
<211>
<212>
<213>

<220>
<223>

<400>

50
10
DNA
artificial Sequence

pescription of artificial Sequence:

oligonuclieotide

50

gagtacgctc

<210>
<211>
<212
<213>

<220>
<223>

<220>
<221

51

43

DNA

artificial seguence

Description of Artificial Sequence:

oTigonucieotide

modi fied _base

Synthetic

synthetic

synthetic

synthetic

synthetic

page 10
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<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 54 agtcctccggl10
<210> 55 <211> 10 <212> DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oligonucleotide <400> 55 cagacgacgalO <210> 56 <211> 10 <212> DNA

50719 _002W02_sequence_tisting. TXT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic oIigonucIeogiggﬁf&%@&@_g}&g@g@ﬂ@ﬁ%&@&?? <211> 10 <212> DNA <213>
Artificial28egquenge.<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide <400>
57 coatgéiettFoN210> 58 <211> 10 <212> DNA <213> Artificial Sequence <220> <223> Description

of ArtifickgbSegguence: Synthetic oligonucleotide <400> 58 gagcatcgtc 10 <210> 59

DNA <29399GtHiciapSetfiddhet ttetetege cteagecagg acc

<210>
<211>
<212>
<213>

<220>
<223

<220>
<221>
<222>
<223>

<400>

52

43

DNA

Artificial Sequence

Description of Artificial Sequence: Syhthetic

oligonucleotide

modified_base
(21)..(21)
t-amino-PEG2000

52

tcctggetga ggegagagtt tttctotoge ctcagccagg ace

<210>
<211>
<212>
<213>

<220>
<223>

<400

53
10
DNA
artificial Seguence

pescription of Artificial Sequence:

oligonucleotide

53

ggaggactgt

<210>
<211>
<212>
<213>

<220>
<223>

<4G0>

54

10

DNA

Artificial sequence

pescription of Artificial Sequence:

oTigonucleotide

54

agtcctecgy

<210>
<211l>
<212>
<213>

<220>
<223>

<400>

55

10

DNA

Artificial Sequence

pescription of artificial Sequence:

oligonucieotide

55

cagacgacga

<210>
<211>
<212Z2>

56
10
DNA

synthetic

synthetic

syrithetic

page 11
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<220> <223> Description of Artificial Sequence: Synthetic oligonucleotide <400> 59 gctgtgcagg
tagagtgcl8 <210> 60 <211> 20 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial sequence: Synthetic oligonucleotide <400> 60 aacgacacgt ccatctcacg20 <210> 61 <211> 18
<212> DNA <213> Artificial Sequence <220> 50719 _002WO2_Sequence_Listing. TXT

<223> Description of Artificial segyence,,syiihetic, primeri<490z, Slctetcgecte ageccaggald <210> 62
<211> .48 x212pi PNAx Mamdificial Sequence <220> <223> Description of Artificial Sequence:

Synthe(t'&czglimer <400> 62 gcactctacc tgcacagcl8 <210> 63 <211> 56 <212> DNA <213> Atrtificial
Sequengsss 220z < 32%n Desarplion of Adifigish SeqsencerSynthetic primer <400> 63 ggatgccgaa
tgcctaatac gacttatat lpgdaeaatt actatttaca attaca <210> 64 <211> 10 <212> DNA <213> Attificial

Sequenggys 220> <223> Description of Artificial Sequence: Synthetic oligonucleotide
gtcgtergac 10

<210> 57

<211 10

<212> DNA

<213> artificial Sequence

<220> )
' <223> Description of Artificial Sequence: synthetic
oligonucleotide

<400> 57
cgatgctctt 10

<210> 58

<211> 10

<212> DNA

<213> Artificial Sequence

<220> .
<223> pescription of Artificial Sequence: Synthetic
oitgonuciectide

<400> 58
gagcatcgtc 10

<210> 59

<211> 18

<212> DNA

<213> artificial Sequence

<220> .
<223> pescription of Artificial sequence: synthetic
oligonucieotide

<400> 59
gctgtgcagy tagagtge . 18

<210> 60
<211> 20
<212> DNA
<213> Artificial Sequence

<220 .
<223> Description of Artificial sequence: synthetic
oligonucTleotide

<400> 60
aacgacacgt ccatctcacg 20

<210> 61
<211> 18
<212> DNA
<213> artificial Sequence

<220>
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<400> 64 ggaggactgtl0 <210> 65 <211> 10 <212> DNA <213> Atrtificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic oligonucleotide <400> 65 agtcctccggl0

50719.002w02_sequence_Listing.TXT
<223> Description of Artificial sequence: Synthetic
primer

<400> 6L
ctctegeete agecagga 18

<210> 62
<21}> 18
<212> DNA
<213> aArtificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer

<400> 62
gcactctacc tgcacagce 18

<210> 63

<211> 56

<212> DNA

<213> Artificial sequence

<220>
<223> Description of Artificial sequence: Synthetic
primer

<400> 63
ggatgccgaa tgectaatac gactcactat agggacaatt actatttaca attaca 56

<210> 64
«211> 10
<212> DNA
<213> artificial Sequence

<22(>
<223> pDescription of Artificial Sequence: Synthetic
oligonucleotide

<400> 64
ggaggactgt 10

<210> 65

<211> 10

<212> DNA

«213> Artificial Sequence

<220>
<223> pescription of Artificial Sequence: Synthetic
oligonucieotide

<400> 65
agreetecyy 10
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