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15 BACKGROUND
Split-and-mix synthesis approaches have been used to produce peptide libraries on.
small beads, with each bead containing an individual peptide molecule. Such libraries are
referred to as one-bead-one-compound (OBOC) libraries. A common use of OBOC
libraries is to identify molecules from the libraries that perform some function of interest.
20  As an example, an OBOC library may be used to identify a molecule (i.e., a peptide) that
binds to a particular protein by screening the library for beads that are associated with the
pfotein (“hit” beads). The hit beads can be separated from the rest of the library, and the
1dentity of the peptide on a particular hit bead can be determined using a peptide
sequencing strategy.
25
SUMMARY OF THE INVENTION
Described herein are inventive compositiohs and methods relating to sampling of
biopolymers and, in particular, to fractional sampling of biopolymers.
In one aspect, a composition is provided. The composition comprises a mixture of
30  a first biopolymer and a second biopolymer, wherein the second biopolymer is identical to
the first biopolymer except at one or more locations where the second biopolymer contains

a cleavable linker.



30 a first biopolynmer and a second bi opol ynmer, wherein the second

bi opol yner is identical to the first biopolynmer except at one or nore
| ocati ons where the second biopol yner contains a cleavable |linker. -
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biopolymer is greater than 1:1. .
In yet other embodiments, the composition further comprises a plurality of said
mixtures, wherein each mixture is attached to a separate particle.

15 In still other embodiments, the first biopolymer comprises an anchor amino acid
sequence and an N-terminus amino acid sequence extension.

In yet other embodiments, the first biopolymer comprises an anchor amino acid
sequence and a C-terminus amino acid sequence extension.
In still other embodiments, the second biopolymer is at least one subunit longer

20  than the first biopolymer.

In yet other embodiments, the second biopolymer comprises at least one more
amino acid than the first biopolymer.

In still other embodiments, the second biopolymer has the same number of amino
acids as the first biopolymer.

25 In another aspect, a method is provided. The method comprises growing
biopolymers on a su‘rfac‘e, wherein during the growing step a cleavable linker precursor is
added to a medium containing the biopolymers and incorporated into the biopolymers such
that only a portion of the biopolymers grown on the surface contain a cleavable linker
derived from the cleavable linker precursor.

30 In yet another aspect, a method is provided. The method comprises mixing a
plurality of biopolymers with at least one surface and attaching the plurality of
biopolymers to the at least one surface such that only a portion of the biopolymers attached

to the surface contain a cleavable linker.



In still other enbodi ments, the second biopol yner has the sanme nunber
of amino acids as the first biopolyner. 251 n another aspect, a nethod
I's provided. The nmethod conprises grow ng biopolyners on a surface,
wherein during the growing step a cl eavabl e |inker precursor is added
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In yet other embodiments, the method further comprises growing biopolymers on a

15  plurality of individual particles, wherein each particle comprises a2 unique biopolymer.

In yet another aspect, a composition is provided. The composition comprises a
biopolymer containing a binding region and a cleavable linker, wherein the binding region
and the cleavable linker are separated by a distance sufficient to reduce the binding affinity
of the binding region for a target species by less than 20%.

20 In still another aspéct, a composition is provided. The composition comprises a
biopolymer containing a binding region and a cleavable linker, wherein the binding region
and the cleavable linker are separated by at least two biopolymer subunits.

In yet another aspect, a composition is provided. The composition comprises a
biopolymer containing a binding region and a cleavable linker, wherein the cleavable

25  linker is located within five biopolymer subunits of a terminus of the biopolymer.

In some embodiments, the binding region is an epitope.

In other embodiments, the binding region and cleavable linker are separated by at
least two biopolymer subunits.

In still other embodiments, the biopolymer comprises an amino acid sequence, and

30  wherein the cleavable linker is located within five amino acids of the C-terminus of the
amino acid sequence.

In yet other embodiments, a first plurality of the biopolymers are attached to a

surface.



15plurality of individual particles, wherein each particle conprises
a uni que bi opol ymer. In yet another aspect, a conposition is
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‘particles, wherein each of the particles has attached thereto a first biopolymer and a second

biopolymer, wherein the second biopolymer is identical to the first biopolymer except at
one or more locations where the second biopolymer contains a cleavable linker.

20 Other advantages and novel features of the present invention will become apparent
from the following detailed description of various non-limiting embodiments of the
invention when considered in conjunction with the accompanying figures. Unless
otherwise noted, all references cited herein are incorporated by reference in their entirety.
In cases where the present specification and a document incorporated by reference include

25  conflicting and/or inconsistent disclosure, the present specification shall control.

BRIEF DESCRIPTION OF THE DRAWINGS
Non-limiting embodiments of the present invention will be described by way of
example with reference to the accompanying figures, which are schematic and are not
30 intended to be drawn to scale. In the figures, each identical or ncéirly identical component
illustrated is typically represented by a single numeral. For purposes of clarity, not every

component is labeled in every figure, nor is every component of each embodiment of the



10 unique first biopolyner and a uni que second biopol ynmer, the second
bi opol yner conprising a cleavable linker, contacting the plurality of
particles with a target, isolating nmenbers of the plurality of
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FIG. 5 shows chromatograms of the peptide Ac-Phe-Leu-homoserine lactone

obtained by CNBr cleavage from variable fractions of methionine in three types of beads,
according to an embodiment;
FIG. 6 shows sequencing from a single bead with 10% cleavable linker, according
25 to an embodiment. Sequencing results and representative MS spectra from 6 pentameric
peptides linked via 10% methionine to a backbone (HLYFLR) (SEQ ID NO. 1) (A) at N-
terminus (linear case) and (B) at a mid-point (branched case);
FIG. 7 shows position-dependent histograms, (A) from 45 hit beads screened with -
the peptide library of 15% methionine linker, (B) from 48 hit beads screened with the
30  peptide library of 100% methionine linker, according to an embodiment. Each histogram
resulted from screening 100 mg of beads; |
FIG. 8 shows position-dependent histograrﬁs, (A) from 37 hit beads screened with
the peptide library of 15% methionine linker, (B) from 32 hit beads screened with the



FIG 4 shows a standard calibration curve obtained by running LC with
vari abl e anobunts of the peptide Ac-Phe-Leu-honoserine | actone, which
was used to achi eve precise fractional coupling relative to full
saturation (-100%, according to an enbodinment. (A) Liquid

chromat ography data, collected as a faficti on of the relative 15
anounts of the standard peptide. On each chromatogramthe integrated
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100 o] eads. FIG 9 shows (A) structures; (B) SPR sensograms; and

(O ddt pneiBregtdiotrasperimertts hétheretradecamer-N2G imeommrisonwithdee hagamer-2,
and hCAl ldecaﬂ’ﬁgr%g ! d}gamer—ég a c?x%t)go\gftﬁr%e two peptides without anchor motif and

commercially available polyclonal antibody for CAIl, according to an embodiment;
FIG. 13 shows a flowchart of synchronous elongation at multiple points to .
efficiently produce multi-ligand-like captures agents that may be able to replace antibodies,
20  according to an embodiment; _
FIG. 14 shows SPR sensograms of (A) hexamer-2; (B) decamer-C2; (C) decamer-
N2; and (D) tetradecamer-N2C, according to an embodiment. The Rpay for immobilization
was RU=1000. The concentrations spanned from 1M fo 8 nM; and
FIG. 15 shows SPR sensograms of (A) RYRR-G4-WRYP (SEQ ID NO. 2); (B)
25 RYRR-PEG4+WRYP (SEQ I]j NO. 3); (C) RYRR (SEQ ID NO. 4); and (D) WRYP (SEQ
ID NQ. 5), according to an embodiment. The Rya for immobilization was RU=1000. The
concentrations spanned from 1M to 8 nM.

DETAILED DESCRIPTION
30 Described herein are inventive compositions and methods relating to sampling of
biopolymers and, in particular, to fractional sampling of biopolymers. In one aspect,

embodiments are generally related to unique biopolymer species where a fraction of each



5FI G 10 shows (A) overall flowfromthe initial anchor hexanmer-2 to
the three N term nus el ongated decaneric peptides; and (B) dot bl ot
experinments of the three decaneric peptides in conparison with the
hexaner-2 and comrercially avail abl e pol ycl onal antibody for CAlI,
according to an enbodiment; FIG 11 shdws (A) overall flow fromthe
initial anchor hexamer-2 to the three G- 10 term nus el ongated
decaner i diggpymeespecianconidihs a oleatdbid lirkepeThergiopslyader tveies bragein some
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embodi nent; FIG 13 shows a flowchart of synchronous elongation at
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; anpl i ng QhstRitRROHNIBRSInERE the HloRAhbCipedbs atPmb rteﬁ'gétisﬁéﬁlfs. sanpl i ng of
i opol ymers. I n one aspect, enbodinents are generally related to
uni qdé bi opol yirgems smbpdisnantre cleating phidpobmerfspeciesmay allow a sample of the
biopolymer species to be collected. Cleaving a biopolymer species may be desirable, for
example, when the identity of the biopolymer species, or the identity of a region within the
biopolymer species, is unknown. In some embodiments, the sample of the biopolymer
species may be subjected to an assay for determining the identity of the biopolymer
20  species. For example, in some embodiments, the biopolymer species may be sequenced, as
discussed in more detail below.
In some embodiments, the biopolymer species may be attached to a surface. The
surface may be any suitable surface. In some cases, the surface may comprise a metal, a
metalloid, a ceramic, or a polymer. For example, in some cases the surface may comprise
25  gold, silver, silicon, or glass {(e.g., controlled pore glass). In some embodiments, the
surface may be polymeric. For instance, the surface may comprise non-degradable or
degradable polymers. In one embodiment, the surface may comprise polystyrene.
In some embodiments, the surface may be the surface of a particle (i.e., a bead). In
some cases, the bead may have a diameter of less than 100 microns, in certain
30 em‘podiments less than 10 microns, or in certain embodimepts less than 1 micron.
In some embodiments, the surface may be functionalized with a reactive group to

which a monomer or biopolymer may be coupled. In some cases, the reactive group may

be directly attached to the surface. In some embodiments, the reactive group may be



- 7 - biopolyner species contains a cleavable |inker. The biopol yner
species may, in some enbodi nents, be attached to a surface. For
exanpl e, the biopol yner species may be attached to beads. In sone
enbodi ments, a portion of a unique biogolyner speci es may be sanpl ed
by cleaving the cleavable linker. In s$8rme cases, the sanple nay be
analyzed to 5 determ ne the sequence of the biopol yner. In one
aspect, dntisestiyatiaehed|to i sarfper usinga biikes (b0 PBGY.nNon4ipeting exantpléseof

cl eaved. For. instance, in sone cases.it may b esirable to

i ncor por arfa_Ctlge%fc’eué’%rbql%deﬁaﬁw&ylsi %f’@wé%ﬁgu 1 BEUMES of a bi opol yner

species while T}%ﬂﬂbﬁlﬂﬁﬁéﬂ‘ﬁ?écz@@ﬂnﬁ?% QfitabRHINRAQUYIRIdDRBE LHAble of
e c er bl e

essentially free of t eavabl e I'i nker. For exarrgil e, a cleava
| i nker, ilptemsting MtharpEat spepies , Artengebipeeies may be by tiokngical tasgeyincloting

bi opol ' 0 rge cies.. It may thus be desirahle to
non gy "t BBEERAS £0h obALA% o8P S5 ERrahd, 2 Titkelry RGPS B B o
sanpl e ofretdpeorba GRGcHPidn BBOE BFoWaYf2bRr 8 dutleRtiRM, af Bpthave alribdzyme, a

remai ni ng i}lésopol yier species be essentially free of the cleavable
| i nker sdChacrbaride, efg 14 blorelysar i benaiurelheosuring o synthetie In some

bi opol y | Ies. adi .
cl cavi g RERERGES BRI Fmb L Eks SHRBHSS ond ol RoRMR AP BCLERNS Sibuniss
speci es tNorbbmdtalg examptes ofhataxallyepcautbingsabytigrindpdciueieoridss, Bino acids,
desirabl e, .for exglgl e, when the identity of the bi opol yner species,
or tHE i FEAEPEYS o RIS BnIGIHON R HSPEHETBRY AURPLsseyP@etic subunits, such
unknown. - a5 Ry %RER: AIRRAEEE Hrithetl Hening ABIUE, aaasmﬁetm fpalsy BkogpeC! es

may be subjected to an assay ?‘or determning the identity o
bi opol ynemtegdingys ithshiopaymexspepice mayrinclodea mitiucti ofeatusallytdreurring and

bi opol yney 2l es y. be seguenced s di scussed in nore detail
pel ow - ntpRe bl sameeto s, e ORIV Wa tedtporats Syt that
attached stfveas $idkéraChain dxeenders] RasrviRntess, S6Mbisity drdbh&@rs defaghion! N

sone cases, the surface may conprise a netal, a netalloid, a ceramc,
or alpol yRBlerS, pothedikenpl e, i n sone cases the surface may conprise

25gol d, silver 1L I e . .
some enbodi nen%eéy,ctﬁ‘%eﬁg%%cp ?%gg eﬁntééd{)d:mg}gﬁ}%%% or ﬂ&%ﬁ‘ﬁ@%ﬁé&tﬂﬁ%%ﬂlm
surface ropyiosadlyprontdn paddatiegdagiabpe(eqy, melppbatebhel/modnyine keid side gpnes).
enbodi.ment, t surface, may .conprise pol ystyrene. . In sonme
enbodi nerﬁss?se{f Rerety PARkBOREL, S BT S 0&13??%5%6@8&5 PEFIpdhearhic g, 2 lingar
bead) . | Rh&AMBT afcRSOFithih ke &ﬂ%eﬁ%ﬁle{&@%%yﬂﬂﬁbl@%&@&aﬁfs dr@&ensiianbel 00

mcrons, in certain 30 enbodi nents | ess”t han mcrons, or iIn

cert @fn apgrodedmsiieing regdanth dipically,dubnot always, the backhene mdthd langpit shainlod
it ace ey PG IRL LR B R AL B8 bSR3 o
group naymdre bencBbinys. dhtsaehpgtaheest HBrageh g ot bdregOBd SNDHsdARIN G
ther .eaCtgirgl?p I?urt?*elljtger?gepg%te ;;olygmér chain which itself is connected to a polymer chain at a
branch point. For example, an amino acid sequence may have “Y” configuration, where a
25  single amino acid sequence diverges to two amino acid sequence at a branch point. A
polymer may be a co-polymer, for example, a block, alternating, or random co-polymer..
An exemplary, non-limiting list of polymer species include polysaccharides;
polynucleotides (e.g., DNA and/or RNA); polypeptides (i.e., amino acid sequences);
peptide nucleic acids; polyurethane; polyamides; polycarbonates; polyanhydrides;
30 polydioxanone; polyacetylenes and polydiacetylenes; polyphosphazenes; polysiloxanes;
polyolefins; polyamines; polyesters; polyethers; poly(ether ketones); poly(alkaline oxides);
poly(ethylene terephthalate); poly(methyl methacrylate); polystyrene; poly(lactic

acid)/polylactide; poly(glycolic acid); poly(lactic-co-glycolic acid); poly(caprolactone);



indirectly attached to the surface using a linker (e.g., PEQ.
Non-limting exanples of reactive groups include carboxyls, alcohols,
am nes, and thiols. The bi opol yner species nay be any suitable
pol ymer suspected of or capable of interacting with a target species.
A target species may be any bi ol ogi cat %tar get including, 5 but not
limted to, an organism a cell, a nenbrane, a protein, an enzynme, an
ant i body ,pody(pehasters); palylettenegerspuchns pelytioxanaeppdyamif@carbonates); and

o1 opol yra Sy P PR Geb exaiionly BrOBy HERBLIR Py doHE s Putyate co-

enmbodi ey BydrbfiRaRirRBPINRFivAIPRS RS bLERRAARRS, eril‘é‘l ﬁheaﬁvéﬁeieblock
nat ural | y-occurring subunits. Non-Iimting exanpl és of

nat ur al | yeopelymers ofghealnysi t s i ncl ude nucl eotides, anino acids, 10 and

S e ST DALY s BRRERE RS A SRl

synt het i & fSOsbSolymer §R6Rs @D@é&di ARdbAd biob@lyhie@ BYcIIE N0 SREHEE $o B8 Yurface
i nclude a m xture of natural occurrl ng and synthetic subunits. In

sone enbddithapriicle Héh@}ﬂé[?@lu? ptopd that paktisles apdasebediaFlG ek, his
as |inkerg y?@? fr‘iﬁrts%d’ iﬁiaqilgr\é&b%gﬂr&g#ss ottaPbdPinld hY Eé‘vﬁ%gfee.éfme

degradatl on ners -are genera

ext ended firgt lﬂ@pdlﬁﬁeﬁpétleﬁ aridethe ecvopd ibﬁipbgwm@ti&ﬁmaﬁam @sohitioh oatakched to
cont gl n p dant si de nucl egbases and/ or am no acid side

grou afli‘é éﬁpsﬁé’feeg%t%e %gﬁc@%)ﬁ@“die@‘@’ Reepart ofa lirery o mpigee aaitislssas

used in t ?ﬂﬁh
nol ecul e ‘J'tg!%révivﬂl%gi ﬁ&gﬂ%’e hﬁnﬁl E@E% at gﬁégoﬁgg%gm%& Qggérsgh e Q;‘ﬁéb{%&li cach
pendant . ufiypiegatticls. Ihshouhdbe ahdeastsqd thhiea lﬂaai@hnmjecwrsamhmlhpingembs chman

of atonms w thin.the ment s ol yner
br anched a8t b Spliie Afstesn ThB AT LoRe Rt R s s o RutpToes hrHeive of
nmay not henih®8aa geshinks cRoRs FADA pSoIGT sORs. THE sécaﬁ@sfofgaly%?@ﬁeﬁe% 120
pol ymer chain which itself is connected to a polyner chai'n

brandh péPAPTisEHn idsntivpl sequenve afpmanceadidisubagifeer ﬁastbm@bzmempecies 110,
conf i gur gbegigma‘é’g%fe%v@@ﬁ%ﬁ 9 mg'argza b%ﬁb&rﬁ%%% esug{lr\ilx SR {2 nd’“o

am no aci quence a ranch poln € a CO- po yner,

for exampbigpolymélspedies. dhntthe nat- hﬂ@mgﬁmﬁcﬁiﬁkdéxmshmm FI®r1, the cleavé¥le linker
exenplary, non-limting list_of po yrre speci es .incl ude
pol ysaccﬂép.%gleﬂwpymf&ugﬁt J@@@rité’lc@o YORGAPERARH 1BF LUy Varigbless@pirel e s

(i.e., "aniynendsh dnded %ﬁ@}sooelﬁ{e'ﬁﬂéﬁ“ gglécﬁieﬁcmﬂg gr.ﬂ@l:x%sémﬁﬁ@le

pol yam des; polycar bo es; polyan 30 poly anone;
pol ya@get yJIaEtn:éts mcbap@le)@phmaegmmeéw ;sadwi@abcphamh rmeB],uc pottigks. | Aopanties

| yol efi t t h ket
R R LS A R R A
net hacry |Eﬁhﬂcéx) 130088 y&kMbaNg maeldifatiarlidve t@fdrfh)d ﬁ%lﬁ(ﬂe&ﬁét'cﬂﬁ‘ be subsequently
pol y(glycolic aC|d) pol y(l acti c-co-gl /col i ¢ acid

pol y( capraspiyeedpiemass spegramese (pr ofhenissbrigves) to. drierring thersequenes of vasigble

as pol ydigg ggﬁ o.pol y(am no carbonates); and pol y( hydr oxyal kanoat es)
such as poﬁ 2 ydr oxybut yrate) and

pol y@3- hydr oxﬁbubmeaﬁmedmﬂmtsydrecﬁm\/mbpﬂﬁheb spatids aied the 3édone idpdlymer
bl ock, randaom gl al , linear, or teleblock copolynmers of the above.

5A non- | |5H?‘E1?%1‘533é RtFdhe same PuRRRY of subnwdisr e ¢ases, the sepepkbigpolymer
ticl
particle %Qﬁeﬂﬁ&rﬂ& bie'siibu tsgﬂa{ et BREH a@e 0§9%1§§£q8§0ﬁ8$ﬁ%c?s the

bi opol yner species attac to the artic
shoul d besecmniénepcd}ndcmdpameahmhhagmfmr sutshas that thedastdriofpdynemspedi. For

this is by way of exa e, on ot her enbodi ments, ot

Systens B, (uioie GRypdimpa thF SecondpBpBbyIHE FPi crashAd! (h one more

second bispp@iiy e Eerbli® EhBSdiARNts e 1dalt 190!k Qburfls | ARRMN efhbodiments at least
three more subunits, and in certain embodiments at least four more subunits. In some
cases, the first biopolymer species and the second polymer species may-be identical except

at one or more locations where the second biopolymer species is modified. For example,



10a pl anar substrate, or the like. The particle may be part of a

i brary of unique particles, where the first biopolymer species and

t he second biopol yner species are uni que on each unique particle. It
shoul d be understood that a library nay contain rnultiple copies of
one or nore of the unique particles. -Tie first biopol ymer species 110
conprises a sequence of am no acid subunits chosen froma pool of
subuni t s .as Aseussed smarepthe pedopdbioppptdrapecd&map comgin iashavabie lidlesi] wherkas
sequence of _am no acid subunits as the first, biopolynmer species 110,

except t 1 fist RiopalymISF spacies may npsgontania cleavellg ligker,da somegasss, the first
cent _ s e ROERE
cnont ot foreki SPECR R ety e 8l R B8 AR LA e o

enbodi nent shown In FIG 1, t oni n
subuni t . tidi¢hd éclessnblsilmpel mapbe spetiddsetvesn mdembanitsaufitdieeomstbjupsigmer

140 apd an anchor ,sequence 150. The. vari abl e. sequence 140 is uni que
on eath oRFae BStoy ST FeE (h R RigPO LBt Shkeis® Py o op SUbuAl

i dent i calrel@five@dhe HAL Hﬁggﬁgfe} Kdctes. fh R EABS, Jd@ﬁl@fe biBgﬁgﬁ%P%égics and the

bi opol yner species may be’cleaved fromthe particle,
cl eavabl €etondibegpolaukr speciekomay haveddémicalsequetseaand identival lepgths exaephat

m xture that_can uhsequent | n zed .mass_spect.rometr or.
ot her ¢ oA PG TRl BFaRRS T b SRl 3B ol Pl ap PR G aG A et Yk
251 n soneleaddiinmart s, the first biopol yner species and the second

bi opol yner species may have the sanme nunber of subunits. In sone

cased? t he sedoh@PoliyBispmpNdiave fcsuitsblgdsnetinvia sepeemhodiments thehan t he

first bi j i.ast . i | L.
Lest o SRS A B3 b LGRS, ALSRTn G ARG HUPORE Vs, i
For exanpkrsiniembsdimenesth dehisnffidesn, sublttss ioeendindnttpdiniems alSlpae tveentyray
have at | east one nmore 30 subunit, in cer%ai n _enbodi nents at | east

two nor e SERIB: psertpin cpbodimantanlenst enis e sybugus, e Rerian ppediments at
subuni t s jeRN@irtysubBhkLiNc&ERPhIERIenR Lt 8@ Shirfy e SABLALS E&Piji%:sc%ﬁainl n

some cases, the first biopolynmer species and the second poly
specilés empodinagsnatilenat fostyosptnitst one or nore | ocations where the

second bi opol yper ecl,es. i.5.modified. .Fo xample,. -.10 - as

di scussed a_bov’gn,Ee rtaﬁg Og %t"?ﬁﬁd?%‘?ﬂ%%é’ﬁ"‘%@ﬁ% §%§ b_%%’ﬂ]ty&?eﬁ species may be
cl eavabl any dediRg ratid) elhedfmetditbollinidis, M ARPbY dRIrabIReS h&% 4 Mo BOEreater than
contain a cleavable linker. In sonme cases, the first biopolyner

speci es dnld Ik caBEbeEbedimsais\ERAterdbacd: boingifain spborgegity antestiban drcand

ot ] . : ) -
of the soreerdifembaRiRRl Grtadifin Iy P BELSMAE EER dAIEL B ©
t he 2@corertdihembbyimentsgeatethaby0:0ndn setheiambodialeats] the ritid mbebé thsen

bi opol yner species. .In me cases, the first biopolynmer species and
t he secoﬁaclbﬁ%eﬁo%ﬁww %%ﬁ‘aﬁf‘égnﬁigwﬂ r SRRSOt TeReBES Sy be

i denti Ca'sa:hgléﬂ%ﬁ}%le%%?ﬁ@%e &dcoRNBioPbIyIRE SpdcRat i ons where a subunit of
t he second Dbi opOl ynmer "species is réplaced wth a cl eavable |inker.

10A bi opol ynedn gerjainhambodimentsui makiuee ¢fdnopdiymenspscinemeyboichensad,sindt he
bi opol y y._have l.east five.subunits, Jin certai nbodi nen at
Pt § onbslReniY Sl iRt DRriEARRGRS Beod, T 556 BrPodlRCL R BeS
i n cept aisthphnbiopblpmet SHedfes Ye cleaesBly. subunits, in certain

enbodi ments at | east twenty-five subunits, in certain enbodi nents at
|l east thirty SAfflisussed abave én sempemhedigicnisnths pamsencspfta dlagvehle linkerdn the

subuni ts..and biiébo?ﬁﬁérasbgcies may affect the binding affinity of the second biopolymer
species for a target species. In some embodiments, the presence of the cleavable linker
may alter the effective binding affinity of the combination of the first biopolymer species
30  and the second ‘biopolymer species for a target species as compared to the binding affimty
of the first biopolymer species for the target species. Of course, the effective binding
affinity of the combination may be dépendent on factors such as the ratio of the first

biopolymer species to the second biopolymer species and the magnitude of the effect of the



15enbodi ments at | east forty subunits. The ratio of the first
bi opol yner species to the second bi opol yner species nmay be any
desired ratio. In sone enbodinents, it may be desirable to have a
ratio of greater than I:1, in certain enbodi nents greater than 2:1,
in certain enbodiments greater than 51l-and in certain enbodi nents
greater than 9:1 in certain enbodi nents greater than 20:1, and in 20
certain esfdxvdblodinkear @rthabididghdfinidPoflthe bétoad bbpelyaas speidsSor 4 Bggdtat i 0
may be chosen such that a_quantity of the second bi opol yner species
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bi opol y Bag : i neli £.1 : .
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ot ect o tihaneg PRI IRIER: sRA IR A Ay e R Poy U5 Potinst B
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subunits, units, etc. to the cleava l i nker, and
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bi opol yner . (e.qg., epitaopes). .Thus, the desired ratio of the first
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of nethionine residues. Exanples_ of other types of linkers that may,
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hot o- cl a 4 ' i 3 .
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than 15% 1'ncertarn enbodl ertal
certain embodiments by at least five biopolymer subunits, in certain embodiments by at

least six biopolymer subunits, in certain embodiments by at least seven biopolymer

Subunits, in certain embodiments by at least eight biopolymer subunits, in certain



30 biopol yner subunits, in certain enbodi nents by at |east four
bi opol yner subunits, in certain enbodi nents by at |east five

bi opol yner subunits, in certain enbodi nents by at |east six

bi opol yner subunits, in certain enbodi nents by at |east seven
bi opol yner Subunits, in certain enbodifents by at |east eight

bi opol ymer subunits, in certain - 12 - enbodinents by at |east nine
bi opol yniepibodiied bat leatdning bEdpolyhdt sebing] AR ThTeRYin *inbb@Rsdntd BNat least
bi opol yner subunits. In some enbodi nents, the cl eavabl e |inker

may be | dembOgoNmERfPUBHSxXi nity to a terminus of the biopol yner. For
exanple, in s 'gqgﬂz , al A | .5 D
at the term nﬁgg%rﬁg?ﬁgb I o%gsf f/hr?g??ag%lﬁgég%ral #@n@éﬁ&n&ﬁ@g %ﬂ%ﬁﬁ%ﬂg%
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subuni t s BESHHR SBPGHTETLS. WitHo SOHFDIRRRDERSH PR G P 15BEIEE R CTaR e
cl eavabl enlyolkiféntdvithinTive BbRRRhHRbuBYo ke £RARRS, 18 \¢ehih RAbod ARt
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sequenci ng o B ooy ier B agERt's may be facilitated by anal yzing
fragnents haviifigome kaBdients, the pbsition o8 tHal R@EMEBINkEUBETH biogdlymer may
course, bhi ogol ymer fragrrents havi ng | engths outside this range may be
1

anal yzed bgshggspisuch fhatBsbicnobaesriagmentsimedused Ypoxy plervape haYaparticrlar
have a | S: r..J i i i

onbod menntl Yo Bkarhh b eriloBRRT R ima Bk le T pEBLEAS Ragment
enbodbnmerasingta lbregtls thae faghitatos aymbysysrdior Sudtanree sequarcingrofbésodymer fragments
enbodi nents at.least. ten bi opolynmer subunits. n sone

embodi merRd, beafarﬁbaﬁ%dr'gly %‘1‘3?36%“8%)%%/ s igydeg o lengfhrfife Hp?ro%ﬂ?lagﬂmﬁg

di scusseduplpue OfiBuRe BopAsRsr fridiferdd m%’ RRREthS BEEIdR $hiFBhgB hay be
attached to a surface (e.g., the surface ot a particle). In some

enbodi mersnslyzedas welbrlarspmesembodimerits shebippelymer frggroént 2HyUnivg adength of at

bi opol yng ecies,, where each _uni.que bi gpol L_speckes b -

at t aohed ET UL RIOARMTNE Siafiter n SR FmbeSingenss  JekbiiE bidplyiler diapmioyin
of unbqueechhiaRaibpiRiersPRqALRE ciFRYbibFOlRMEBABAHitL, Br cedafmismbyilifents at least
surface. In sone cases,  each uni que biopol yner species nay be

at t ached tebbiORRIYEGE pUMBIt)f a separate particle. In sone enbodi ments,

at | east sone pf ' : ' ' ' a
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the surface of a particle). In some embodiments, the library may comprise a plurality of

25  unique biopolymer species, where each unique biopolymer species may be attached to a
unique region of a surface. For example, the plurality of unique biopolymer species may
be arranged in an array on a surface. In some cases, each unique biopolymer species may
be attached to the surface of a separate particle. In some embodiments, at least some of the
biopolymer species in each region or on each particle may comprise a cleavéble linker.

30 In some embodiments, a library may comprise at least 100 unique biopolymers, in
certain emnbodiments at least 500 unique biopolymers, in certain embodiments at least 1000
unique biopolymers, in certain embodiments at least 5000 unique biopolymers, and-in

certain embodiments at least 10000 unique biopolymers.



certain enbodi nents at | east 500 uni que biopolyners, in certain
enbodi nents at | east 1000 uni que biopolyners, in certain enbodi nents
at | east 5000 uni que biopolyners, and in certain enbodi nents at | east
10000 uni que biopolyners. - 13 - In some cases, each nenber of the
i brary of biopolynmers may conprise a Mixed sequence region (e.g., an
anchor sequence) and a variabl e sequence region. In sone enbodi nents,
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25  surface (e.g., the surface of a particle). In some embodiments, a biopolymer may be

constructed and subsequently attached to a surface. In some cases, a plurality of
biopolymers may be mixed with at least one surface such that the biopolymers react with
one or more functional groups on the at least one surface to become attached. Many -
methods may be used to attach a biopolymer to a surfaces. For example, in some cases, a
30 biopolymer may comprise a thiol group that may react with a metal surface, such as gold,
to attach the biopolymer to the surface. In another exarmple, the biopolymer may comprise

a carboxyl group that may react with an amine on a surface to attach the biopolymer to the



- 14 - surface. Nunmerous |inkers and reagents are known in the art
for perform ng these reactions. I n sone enbodi nents,

bi opol yner nononers may conpri se one or nore groups that are
transforned or renoved during or after synthesis of the biopol yner.
That is, a 5 biopol ymer mononer may belr "precursor." For exanple,
am no acid nononers may conprise an fnoc protecting group on the
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30 anmount o eavab precursor to achieve
sane 2Pes wised, ab shayvomi b 8d Foeetamplé, geeviddtawiti @ phyelity aif bivpsiyofer chains, a

| ble li . ' .Wth the bi | Ins, |
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enbodi ments | ess than 1 ) ) )
‘ embodiments, the amount of cleavable linker precursor needed to achieve this results may

vary depending on the reactivity of the cleavable linker precursor. For instance, in some

25  cases, the desired fraction of biopolymers containing a cleavable linker may be achieved
by contacting the growing biopolymer chains with an essentially equivalent amount of .
cleavable linker precursor, i.e., contacting the growing biopolymer chains with about 0.1
equivalents of cleavable linker precursor to result in 10% of the biopolymer chains having
a cleavable linker, etc. However, in other instances, it may be necessary to use a larger

30  amount of cleavable 1inker-prelcursor to achieve essentially the same result. In some
embodiments, less than 10 equivalents of the cleavable linker precursor are mixed with the
biopolymer chains, in certain embodiments less than 5 equivalents of the cleavable linker -

precursor are mixed with the biopolymer chains, in certain embodiments less than 1



- 15 - equivalent of the cleavable linker precursor is mxed with the
bi opol yner chains, in certain enbodinents |ess than 0.5 equival ents
of the cleavable |inker precursor are m xed with the biopol yner
chains, and in certain enbodinments less than 0.1 equival ents of the
cl eavabl e |i nker precursor are m xed 'V\!isst‘h t he bi opol ynmer chai ns.

Fol lowi ng addition of the 5 cleavable |inker precursor, additional
nmononer s cauiyalsat efdhe sleavablainksr pisetrpenis miked wih the biopqlymemedainsy in certain
enbodi ne . M ' cur n .
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bi opol yner, where a fractron of thé unl quentipopol ynmer conprises a
cl ea?abl delundérsiood ey theaatiol d£the thio peliohenmaionzan grexitsondhe oleavabiclinkeo

at t ached HrergF teg TR oS o et Baiah A i el Sl
of uni quehdilenabTRIkSr. RYsoRR HffodRNGHSs, (i Ritio of the biopolymer monomer
precursor to the cleavable linker precursor may be greater than 1:1, in certain embodiments
greater than 5:1, in certain embodiments greater than 9:1, in certain embodiments greater
30  than 20:1, and in certain embodimgnts greater than 50:1.
In some embodiments, biopolymers may be mixed with a surface and allowed to
attach to the surface, i.e., presynthesized biopolymer may be attached to the surface. In’

some embodiments, a fraction of the biopolymers may comprise a cleavable linker. In one .



enbodi ment of a screening assay may be conducted as follows. A

l'i brary of unique biopolynmers, a fraction of each uni que biopol yner
containing a cleavable Ilinker, may be provided. Each unique

bi opol yner may be attached to an individual particle. It should be
under st ood that nultiple copies of eacdf®-particle may be provided. The
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for exanple, an enzynme in order to create a "|adder’ iglf ferent
bi opéﬁyrrenrltlf spagifiedily bamditirget specise(warbitsiyy. Forexsowpie, @nb@t@hmima@dwxch
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t he targdh sGpeembsdinfents, 8x%anides rﬁé}ebéuoﬁ-tebhﬁﬂﬁh]biﬂlﬂiﬁfe‘é Whate Bgch sorting
resynt hesi zed w t hout bei ng attached tao ticles and subjected to

surface pPUsHBipgEsy el ‘é)@b%?%ﬁ% §Xft‘@tlﬁﬁ§&W@kﬁﬁéSWW&P% gith a target
affinity,g ol Rligto d
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An " afii neleagallé biopolyimee nhmns;ome:rbhﬂma@malmm deavad edprodudetigofdlmher of
bi ochem stry. An _jsol ated mno |caI but n t .alwa
exanpl e, Tehients iSoge gy O PR dRas Snedur ipeds ¢ifre abveor
NH2- CHR- We&mm%agmy Phe 5@9&1@&9&@@&@ BHay ST RibjeBleARY able @
hydrogen atom a meth group, or an isopropyl group. A ser i es of
i sol at ed saitableanalysis. In some embodiments, the biopolymer fragments may be sequenced. In
some embodiments, mass spectrometry may be used to sequence a biepolymer. For
25  example, MALDI-TOF mass spectrometry and MS/MS may be used to analyze (e.g.,
sequence} the biopolymer fragments. In some cases, the biopolymer fragments may be .
partially digested using, for example, an enzyme in order to create a “ladder” of different
biopolymer fragment lengths for sequencing.
" In some embodiments, further analysis may be conducted to measure the binding
30  affinity of the hits (i.e., the biopolymers exhibiting binding activity) for the target species.
For example, the hit biopolymers may be resynthesized without being attached to particles

and subjected to surface plasmon resonance experiments to measure the binding affinity.



acids may be connected to forma peptide or a protein by reaction of
the -NH2 of one amno acid with the -COOH of another amno acid to
forma peptide bond (-CONH). In such cases, each of the R groups on
the peptide or protein can be referred to as an amno 10 acid

resi due. The am no acid may be one of-the 20 anmino acids comonl y

f ound in nature (the "natural am no acids"), or an unnatural am no
acid, i.dn anaﬂheacmbmﬂimentdaﬁbamoi ssfohayheusdd td heeanat tresbinding affinityiads.
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associated with the invention, for exan'ﬁ %b as previously descri bed.
®

Each 18f tasid ie56e sThe BRNOGEIGREY ke enaed Bﬁﬂéﬂﬂ fmfb qopmgrdy, feand g peture
(ke 9. fteﬁeo*n&ﬁﬁzg '&}mné ch&élb & ah Wnlaearad Emﬁha ac fd thafik Got bhe
It Of th I nven sSOone cases, d e I nstructirons I n any

formt hatofahenanumvmm aicfdsc MNondahitiag em:hpleﬁ bﬁuqumgxﬁm@ asidoinclude
invention_.in such a nner. t hat Oﬂ?‘lﬁ’g qQrdi nary ski in the art

woul d r ecBgHPEECHRALOf offireoning homop lagyige, éeméergges%@%wé@f% h the
conposi t i1RMs,Qfy, sidaecuh?g@%&nne @Earbé}é?ﬁﬂ&ﬁzc dchec n#s@aa aaeteﬁme@mme
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20 In one embodiment, a kit may be provided, containing one or more of the above
compositions. A “kit,” as used herein, typically defines a package or an assembly
including one or more of the compositions of the invention, and/or other compositions
associated with the invention, for example, as previously described. Each of the
compositions of the kit may be provided in liquid form (e.g., in solution), in solid form

25 (e.g., adried powder), etc. A kit of the invention may, in some cases, include instructions
in any form that are provided in connection with the compositions of the invention in such
a manner that one of ordinary skill in the art would recognize that the instructions are to be
associated with the compositions of the invention. For instance, the instructions may
include instructions for the use, modification, mixing, diluting, preserving, administering,

30  assembly, storage, packaging, and/or preparation of the compositions and/or other
compositions associated with the kit. The instructions may be provided in any form
recognizable by one of ordinary skill in the art -as a suitable vehicle for containing such

instructions, for example, written or published, verbal, audible {e.g., telephonic), digital,



optical, visual (e.g., videotape, DVD, etc.) or electronic

comuni cations (including Internet or web-based comrunications),

provi ded in any nmanner. I nternational Patent Application No.
PCT/ SG2009/ 000258, filed July 22, 2009, entitled "D fferentiation of

| sobaric Ami no Acids and O her Speci esl 8- by Heath et al., and 5U. S.
Provi sional Patent Application No. 61/225,881, filed July 15, 2009,
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the present invention, but do not exenplify the full scope of the
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0 eaviiol 35 aRlon s ML 2 et 228 Rl ARG, T el Method
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polyethylene glycol oligomer that is terminated with an amine (-NH;) chemical group, as
20 shownin FIG. 2. In this way, amide coupling chemistry, which is used to couple amino
acids serially to form peptides, can be employed on-bead. When amino acids are coupled
onto the bead, they are typically protected from subsequent reactions through the use of
fmoc (fluoren-9-ylmethoxycarbonyl) group. The extent of the coupling of fmoc-protected
methionine (fmoc-Met-OH) may be controlled by limiting the amount of added reagents so
25  that only a fraction of the exposed NH; groups are reacted. After that partial coupling is
completed, the OBOC library is constructed according to standard literature protocols.
The second method (22) employs an activated ester form of fmoc-methionine,
which undergoes amide formation in the presence of N,N'-diisopropylethylamine (DIPEA).
The incorporation of finoc-protected methionine by using the activated ester form is
30  controlled so that only a fraction of the expos;d NH; groups are reacted. This is similar to
method (21), although the slowly reacting activated ester facilitates more control over the
extent of partial methionine coupling to the bead-bound NH2 groups. The resulting beads

undergo fmoc deprotection and the subsequent coupling of an fmoc-protected amino acid



30 controlled so that only a fraction of the exposed NH2 groups are
reacted. This is simlar to nethod (21), although the slowy reacting
activated ester facilitates nore control over the extent of partial
met hi oni ne coupling to the bead-bound NH2 groups. The resulting beads
undergo fune deprotection and the subdéquent coupling of an
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The fourth method (32) provides significant flexibility for the subsequent
incorporation of amino acids. By using different protective groups this method does not
require pre- synthesized dimers. N-allyloxycarbonyl (Alice) groups can be easily removed

25 by a standard protocol using Pd catalyst, and the exposed free amine groups are coupled
with incoming fmoc-protected amino acid (fruoc-AA-OH)}) to elaborate the identical
species obtained by the previous method (31)..

Step 1. Validation of chemistry for OBOC library preparation: The fractional amount of
methionine that could be appended onto beads was determined. For this measurement, a

30 standard calibration curve was obtained by running liquid chromatography (LC) at
different concentrations of a model peptide, Ac-Phe-Leu-Homoserine lactone (FIG. 4).

- Utilizing this curve, the fractional amount of methionine can be determined in any type of

beads that bear free amino groups, N-termini of linear peptides, and amino group at a mid-



Step 1. Validation of chemstry for OBOC |library preparation: The
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Experimental details
General: N-methylpyrrolidone (NMP), diethylether and dichloromethane (DCM)
30  were purchased from Merck. Fmoc-protected amino gcids (Fmoc-AA's), 2-(1H-
Benzotriazole-1- y1)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU) and N,N-
diisopropylethylamine (DIEA) were purchased from GL Biochem (Shanghai) Ltd.
Trifluoroacetic acid (TFA) and triisopropylsilane (TIS)} were purchased from Aldrich. a-



- 21 - cyano-4-hydroxyci nnam c acid (CHCA) was purchased from Bruker.
MALDI - M5 and M5/ MS were obtained with Bruker Autoflex Il TOF/ TOF.
Partial coupling of nmethionine to TentaGel S Am no resins (10%
coupling as an exanple): TentaCGel S Amino resins (200 ng, capacity =
0.29 nmoUg) were swelled 5 in NWP (3 ™M)-for 2 hin avial. After
centrifugation for 1 mn, nost solvent was taken up and a sol ution of
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3 mM x 4), and then diethyl m ), which were dried under
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mn. CNBr (200 pi, 0.50 Min 0.2 N HC | solution) was added to the
tube, whivOHeWRS faraptyr 3R H“BOFV’@FB&Pé’dN%WW‘F%W treabimpit tuice with 20%15

hr. The ifsididi Nb (S nAatR A9 R0CSRHif A PMho 19 BinC TRE SAILHEIRNaY GHILET
20  and the beads were thoroughly washed by NMP (3 m! x 4) and DCM (3 ml x 4). The
coupling and deprotection were repeated with fmoc-Phe-OH. Finally, the N-terminus was
acetylated by treatment with acetic anhydride (10 equiv) and DIEA (20 equiv) in NMP (3
ml) for 30 min. The resulting beads were thoroughly washed by NMP (3 ml x 4),
methanol (3 ml x 4), DCM (3 ml x 4), and then diethylether (3 ml), which were dried under
25  reduced pressure for 24 h.

CNBr-mediated cleavage of a single bead: A precise quantity of beads (ca. 5 -
mg) with variable fractions of methionine was placed in a 2 ml Eppendorf tube. Deionized
water (200 ul) was added and the tube was carefully purged with argon for 1 min. CNBr
(200 pi, 0.50 M in 0.2 N HCI1 solution) was added to the tube, which was sealed and

30 vortexed at ambient temperature for 15 hr. The resulting solution was concentrated under
centrifugal vacuum for 2 h.
Step 2. Accurate sequencing of linear and b}anched peptides with 10% cleavable linker:

For this step, it was demonstrated that, when only a fraction (<< 50%) of a known peptide



Step 2. Accurate sequencing of |inear and branched peptides with 10%
cl eavabl e linker: For this step, it was denonstrated that, when only
a fraction (.<< 509% of a known peptide - 22 - could be cleaved from
a single bead, accurate sequencing information coUd still be

obt ai ned. Sequenci ng was done usi ng sthdard nmass spectronetric
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pentameric peptides froma md-point of HLYFLR
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intact for the follow ng couplings. The beads were contained in a 25
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23 - I-butyl)FLR was constructed on TentaGel S Amino beads (600 mg, capacity = 0.29
25  mmol/g) by following the procedure described in Step 1 (double coupling). 'i‘he protective
groups remained intact for the following couplings. The beads were contained in a 25 ml
reactor, equipped with a filter, and shaken for swelling in NMP (12 mi) for 2 hr. Fmoc-
Pra-OtBu (3 equiv), copper icdide (0.1 equiv), and DMA (3 ml) were added and the reactor
was shaken for 15 hr. The reaction solution was removed from the resin, which was
30 washt;d with a solution of sodium diethyldithiocarbamate trihydrate (EthCSSNa.BHgO,
1% w/v), containing DIEA (1%, v/v) in NMP (15 ml x 5) to remove the coordinated
copper species generated by the click reaction. Washing was repeated until both the resin

and solution were colorless. After removal of fmoc group by treatment twice with 20%



piperidine in NMP (15 m each, v/v) for 5 mn and then 15 m n,

i ncorporation of 10% net hi oni ne was perforned as described in Step 1.
The resulting beads were divided into 6 equal batches for the
subsequent construction of each pentaneric peptides, follow ng the
same protocols (double coupling). Prot&ttive groups for the residues
were renoved by Streatnent with trifluoroacetic acid cl eavage
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LFIRYWF was found as a first-generation anchor peptide from an initial screening of a

hexameric peptide library against bCAIl, which showed a few micromolar 1CD of
affinity in a Surface Plasmon Resonance (SPR) study. Next, two different hexameric
25 peptide as a variable region in the libraries were constructed with 15% and 100%
methionine at C-terminus using 18 unnatural (D) amino acids as mbnomers, excluding .
cystein and methiohine. Incorporation of 15% methionine was achieved by the method
described in Step 1 and a standard synthesis protocol was utilized for 100% methionine
(double coupling). The AAPPTEC Titan 357 was employed to facilitate the "split-and-
30 mix" approach. The entire process was performed in a fully automatic fashion by
following the standard solid-phase fioc chemistry. With the initial methionine
‘introduced as a CNBr cleavable linker, the beads were evenly distributed to 18 reaction

vessels (RV) prior to the coupling with each of 18 diversity elements. The cycle of split,



- 24 - coupling, Fnoc-deprotection, and m x was repeated 6 tinmes and
the protective groups were conpletely renoved by TFA cl eavage
cocktail. The two libraries were thereby available for a biochem cal
screeni ng against a protein of interest, bovine carbonic anhydrase |1
(bCAIl). The purity of peptides on beatfs- was checked by MALDI -

5TOF/ TOF, prior to screening process. The libraries were incubated
agai nst 5Couplingf Frhow-ileperoteeati dig and nat sl repasied b GAtds and denpro@etiederaiish
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The |ibr acm WRICE Wele 8dlpefd 1802ANDI-MP staiidh fr chaviBRzARAD TR Gosition-
anhydr ase bCAII%1 conjugated with Al exa Fluor 647 for fluorescence

det edPi ondergndem @tqwam HG. TriBustiatp dersidifferercshetweopdhe tvirlhibretiend as
the posit

i st ot SERLAARARCER L RaROhgRrdBe Firtbe HiribhUdif did Rl hioBn, therehy
t he i nt er fogreencethefscteliging redklts. portion to the screening process.
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methionine incorporated between H and R, respectively. The libraries were incubated

against 10 nM of bovine carbonic anhydrase (bCAIl), conjugated with Alexa Fluor 647 for

fluorescence detection, at 25 °C for 20 h. The sequencing results were depicted as the
position-dependent histograms in FIG. 8, which illustrate distinct outcomes between the

20  two libraries. These results support the interference of the linker portion to the screening
process.
Experimental details

Synthesis of hexameric peptide libraries with 15% and 100% methionine as a

cleavable linker appended to an ancher peptide LHRYWF (SEQ ID NO. 7): The

25  synthesis was performed using an automatic synthesizer AAPPTEC Titan 357. Starting
from. TentaGel S Amino beads (1.8 g each, loading of NH2: 0.24 mmol/g), standard fimoc
chemistry was utilized to construct the anchor sequence LHRYWF (SEQ ID NO. 7),
followed by incorporation of 4-aminobutyrate at N-terminus. To the resulting beads 15%
methionine was introduced as described in Step 1 while the regular double coupling

30  method was applied for 100% methionine series. Then beads were di_stribution equally
into 18 Reaction Vessels (RV). One of the 18 selected fmoc-protected d- amino acids as
diversity elements (3 equiv), excluding cystein and methionine, TBTU (3 equiv) and DIEA
(7.5 equiv) were added to each RV. The RV was then vortexed for 30 min. After draining



chem stry was utilized to construct the anchor sequence LHRYW ( SEQ
ID NO. 7), followed by incorporation of 4-am nobutyrate at

N-term nus. To the resulting beads 15% net hi oni ne was i ntroduced as
described in Step 1 while the regul ar doubl e coupling 30 nethod was
applied for 100% met hi oni ne series. TRén beads were distribution
equally into 18 Reaction Vessels (RV). One of the 18 sel ected
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beads (double coupling), which were then distributed equally 1nto 18
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the coupling_ step was repeated. The resulting beads in each RV were
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overall split, coupling, deprotection, and mix processes were repeated 4 times until the

30 beads appended gdditional tetramers. The beads were transferred to a 50 ml reactor,
equipped with a filter. The protective groups in the residues were removed by shaking in
TFA-water-TIS (27 ml, 94:3:3, v/v) for 2 h. The liquid was drained and the resuiting
beads were thoroughly washed by DCM (27 ml x 3), methanol (27 ml x 3), water (27 ml x



- 26 - 3), methanol (27 m x 3), DCM (27 m'x 3), and diethyl et her
(27 m ), successively, and then dried under reduced pressure for 24
Li brary screening and bead sorting: Al exa Fluor(r) 647
prote| n |abeling kit (A20173, Invitrogen) was chosen as reactive dye
for 1abeling bovine carbonic anhydrase?%(bCAIl) followed by the
supplier's protocol. In brief of labeling, 0.5-m of bCATI solution,
pr epar ed Hymefhgsad|(2T my xB)NYCMI(2T mi+ 3)) ind dikthyleslod i 2(hmb), sacbshale and

sol ution s transfe into the vial containing the
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resi n The resulting m xture was incubated for 20 h at 360-degree.
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Hit beads were sorted into 200 ul polypropylene tube strip mounted on a 96 titer

well plate by COPAS Plus. Gating and sorting regions Were optimized and two-step
sorting strategy was applied for rapid and robust sorting. The first sorting was to purify

25  beads in high concentration regime (>1000 beads/ml). During the first stage sorting, 200
trig (ca. 300,000 beads) of assayed library beads in PBS was sorted with deionized water.
as the sheath solution. The beads in the sample cup were passed through the flow cell and
focused hydrodynamically at a rate of >100 objects/sec. The time-of-flight (TOF), red
fluorescence and red fluorescence peak height of the beads were detected by red diode

30  laser (A=635 nm). Due to the auto-fluorescence of the beads, argon ion laser was
intentionally turned off to minimize bleed-through effect. In general less than 5,000 beads
(< 1.7%) were collected in the first sorting, For the second step sorting, the sorted beads

from first step were thoroughly washed with deionized water and transferred in sample cup



intentionally turned off to mnimze bl eed-through effect. In general
| ess than 5,000 beads (< 1.7% were collected in the first sorting.
For the second step sorting, the sorted beads fromfirst step were
t hor oughly washed wi th dei oni zed water and transferred in sanple cup
- 27 - of COPAS Plus and diluted with 200 nil of deionized water. The
beads in the sanple cup were passed through the flow cell at a rate
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bi ndi ngs.. The decaner-N (I cvtflhrywf) (SEQ ID 8) was selected
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generat i Jrary. Both hexaner-1 (1hryvve (SEQ I D NO.
7) and dgg}gﬁé?} Ia%%E;é/ﬁ} %ﬂryvvf) (SEQ ID NO. 8) were reconstructed
star20g from RVitk aamhek®r pegtide hextment (laryw i (EEQ D M@ A7) by haek b ykw

group. For .30 dot. bl ot experinents the peptides re co ated wi.th
biotin at"aéa‘?EF?ﬁ‘%g’a%F%Psﬁk‘Ftﬁ PERRS %rtﬁ%am?@eaﬁ?ﬁ}af%é gg frEmmus
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el ongat ed decaner-N (kvtfihryw) (SEQ I 8) did not only show
hi gher r @d‘@nmemmpqptl(im faailiBie M@Eqﬂtrmm) ﬂ‘lﬁegz@mamoé c$ i) methionine

sensogr an\}/at%uc;[nlw § E) WPhé& per cent tg %revent adverse influence of the cleavable linker in the

25  binding process, while N-terminus was blocked by acetyl group to reduce non-specific
bindings. The decamer-N1 (kvtflhrywf) (SEQ IID NO. 8) was selected directly among the
results from the initial screening, i.e. without generation of a focused library. Both
hexamer-1 (lhrywf} (SEQ ID NO. 7) and decamer-N1 (kvtflhrywf) (SEQ ID NO. 8) were
reconstructed staring from Rink amide resin with N-terminus blocked by acetyl group. For

30  dotblot experiments the peptides were coﬁjugated with biotin at C-terminus via using
PEG2 (Merck, 20 atoms) as a tether (FIG. 9). While both peptides turned out interacting
with bCAII, the elongated decamer-N1 (kvtflhrywf) (SEQ ID NO. 8) did not only show

higher response unit (RU) in Surface Plasmon Resonance (SPR) sensogram but much more



anti body-1i ke behavior in association-dissociation pattern. Dot bl ot
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appedfi ngebablesdigeninggr am in a box, a focused library was constructed
and screened t ive 20 ndi dat es .for el ongated decaneric |igands
(FG 10 a doboBkfl dS ARG S iRl PSR 4 A riing capaien
candi dat evfiepiiddast USEHE indre bp@hizbl ¥&a P BMidiQEHYRR bl 8 \WadTE Scdied borting
Finally the three decaneric peptides were selected and reconstructed

and t est eddispqueseing skills e Yypeticraraher pamhide dexgmerthefvyly §SEQdPANEr Plowas
g e i ] ) e’
oot 1 o SRR USRI PN Sl Bl SRORAL Gy

t hei r precursor hexaner- oW ng
of ddpositbedrdsGEIAII. $Sthrtingefeambexadndrr2y anothénefdrgiied (IBERY s MohstdOBled in a
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operations easier. Instead of partial coupling hi onine to the

Tent aGel t®xanforoseddsirary vessomostrentasiand sofecierbo-get 2 caniditistonder alereterdo
A condReTbAeBteRf 1) Sob b Kl FRepab e PO R B B A e
aci dgoexcdatigiidag dﬂs@ﬂﬁa&bggﬁtiﬁy§ éflird@mehRlthwas bCANE Fingynthbases of

the anchor notif, ifvylcr (SEQID NO 9). The N-term nus was bl ocked
by acet yldegrserc peptideswerersslecies gué recpagpicted andvestndigdet blot expsyments.
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it nove Sume Al AR A o Bt MY Bithcoutin Sy e
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t he reduce s . sensitivity_ of .t relatively |arge ionized

[ r agnent SCALL Bedremar ndruptvk PERIBHTEY I Bebpr e bosrramen: kndrtter
robusts deg,RQyieapePt i de sequencing seens up to 10 ami no acids. The

overal |l flow 5Sproceeded in a sinilar fashion to that of elongation at
N-t erm nus, i .Jelongsiiomat€-texminaniofigse anchor peptide. Elongation at C-terminus

started with incorporation of 100 % methionine, which made synthesis and MS operations
easier. Instead of partial coupling of methionine to the TentaGel S amino resin, excess
amount of Fmoc-methionine was used to fully couple the cleavable linker. Then the

30 synthesis continued with constructing variable tetrameric region, employing 18 d-amino
acids excluding methionine and cysteine, followed linear syntﬁesis of the anchor motif,
ifvykr (SEQ ID NO. 9). The N-terminus was blocked by acetyl group as described above.
Despite advantages of easy synthesis and MS sampling due to using 100% cleavable



of a focused library and 20 candidates (FIG 11). The final three
decaneric peptides were reconstructed with biotin | abel ed at
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observe higher affinity depicted by more number of spots. In short, the affinity of the
tetradecamer-N2C was not dramatically improved from the two precursors, decamer-N2
and decamer-C2, although it was again far more potent than the initial anchor hexamer-2
25  (ifvykr) (SEQ ID NO. 9). The two peptides without the anchor motif turned out not
significantly binding to bCAIL These results indicate that the anchor motif can drive the
binding affinity towards the target marker, even though the peptides still contain
segmented sequences that should interact with the target in some degree. It seems the
binding affinity driven by each tetrameric peptide (ryrr and wryp) (SEQ ID NO. 4 and SEQ
30 ID NO. 5, respectively) is not enough to exhibit spots within the given concentration range.
Another possibility is that the secondary conformation of the six consecutive glycines is

significantly different from that of the anchor motif (ifvykr) (SEQ ID NO. 9) to prevent the -
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MALDI - M5 and MS/ M5 were obtained with Bruker ultrafleXtremeTM
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full 2and (Faykd) EQEDNOM)NEN2E cut 6 RIYGRIE dsithkero decTierssy Fidesi witoRU
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exhibited ligand-like behaviors.
Experimental Section
25 General. N-methylpyrrolidone (NMP), diethylether and dichloromethane (DCM)
were purchased from Merck. Fmoc-protected amino acids {Fmoc-AA’s), 2-(1H-
Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate (TBTU) and N,N-
diisopropylethylamine (DIEA) were purchased from GL Biochem (Shanghai) Ltd.
Trifluoroacetic acid (TFA) and triisopropylsilane (TIS) were purchased from Aldrich. A
30  series of Fmoc-protected PEG-COOH and Biotin-NHS were purchased from Merck. o-
cyano-4-hydroxycinnamic acid (CHCA) was purchased from Bruker. MALDI-MS and

MS/MS were obtained with Bruker ultrafleXtreme™ MALDI-TOF/TOF. The microwave-



Vessel (CV). For incorporation of full methionine as a |inker,
Frnoc-nmethionine (2.5 equiv, 0.2 Msolution in NW) was added to the
CV, as well as TBTU (2.5 equiv, 0.2 Msolution in NWP), and DI EA (5
equiv, 0.5 Msolution in NWP), after draining the solvent. 10 The
resulting mixture was vortexed for 303m The solution was drained
and the resulting beads were thoroughly washed by NWP (27 ml x 3).
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anhydride (15 ml, 0.3 M solution in NMP) in the presence of DIEA (15 ml, 0.5 M solution

in NMP) for 15 min. The combined beads were contained in a 50 ml reactor, equipped

with a filter. The acid-labile protective groups for the residues were removed by shaking



NWP (3 mM x 4) and DCM (3 m x 4). The necessary am no acids or PEG
group was 25sequentially introduced as described above using 18

non- nat ural Fnoc-protected am no acids, excluding cysteine and

met hi oni ne, and Fnoc- PEG COOH. |If necessary, acetyl group was
introduced at N-term nus by treat nment- - the beads with acetic
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: RV was vortexed for another 15 min. The resulting beads were thoroughly washed by
NMP (3 ml x 4) and DCM (3 ml x 4). The necessary amino acids or PEG group was
25  sequentially introduced as described above using 18 non-natural Fmoc-protected amino
acids, excluding cysteine and methionine, and Fmoc-PEG-COOH. If necessary, acetyl .
group was introduced at N-terminus by treatment of the beads with acetic anhydride (1 ml,
0.3 M solution in NMP) in the presence of DIEA (1 ml, 0.5 M solution in NMP) for 15
min. The beads were transferred to an 8 ml reactor equipped with a filter, and incubated in
30 trifluoroacetic acid (TFA)/water/TIS (2 ml, 94/3/3, /v/v/v) at room temperature for 2 h.
The cleavage solution was collected and concentrated in a nitrogen stream. The final

purification was carried out by using a preparative HPLC to produce the desired peptide



25C eavage of peptides fromthe sorted single beads by CNBr. A single
bead was transferred to a mcro-sized vial containing 10 AL dei oni zed
wat er. The reaction vessel was purged by argon for 15 min and then
CNBr (10 AL, 0.50 Min 0.2 N HCLl solution) was added into the vessel.
After additional purging by argon for-35 nin, the vial was placed
under mcrowave for 1 mn. The resulting solution was concentrated
under cemnithi faiyadanii@e graop enCitemiifk @ypicadquatiitC] Sndgtrity 05 %9 Gn awhitet
60 C. Anal ysi s of peptides cleaved from single beads using
MALDI - M5 Sali¢ MS/ MS. For fully cl eavabl e beads, to each vial or well
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was purged by argon for 15 min and then CNBr (10 gL, 0.50 M in 0.2 N HCI solution) was

added into the vessel. After additional purging by argon for 15 min, the vial was placed
under microwave for 1 min. The resulting solution was concentrated under centnfugal
30  vacuum for 10 min at 45 °C and then for 50 min at 60 °C.
Analysis of peptides cleaved from single beads using MALDI-MS and MS/MS.
For fully cleavable beads, to each vial or well were added CHCA (7 uL, 0.5 % solution in
acetonitnle/water (70:30)) and then acetonitrile/water (7 uL, 70:30 containing 0.1 % TFA



30 was prepared as 10 ng/nL stocks in PBS buffer (pH 7.4). A serial
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25  regenerated by glycine 2.5 (GE Healthcare) after injection of each peptide solution.

Dot blot assays to measure affinity of the re-synthesized peptide ligands
conjugated to biotin. The affinity of the peptide ligands for the target biomarker (bCAII)
was demonstrated through the use of dot blot experiments in 5 % nonfat dry milk in TBS-T
[25 mM Tris, 150 mM NaCl, 2 mM KCl, 0.5 % Tween 20 (pH 8.0)]. A solution of bCAII

30 was prepared as 10 mg/mL stocks in PBS buffer (pH 7.4). A serial dilution of the mother
solution was applied to a nitrocellulose membrane, typically ranging from 2 pg to 5 ng per
spot. The membrane was blocked at room temperature for 2 h in 5 % nonfat milk/TBS-T.

The membrane was then washed with TBS-T. The solution of peptide ligands conjugated



- 36 - The phrase "and/or," as used herein in the specification
and in the clains, should be understood to nean "either or both" of
the el enments so conjoined, i.e., elenents that are conjunctively
present in some cases and disjunctivelg present in other cases.
Miultiple elenments listed with "and/ or'®3shoul d be construed in the
sane fashion, i.e., "one or nore" 5 of the el enents so conjoined.
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the specification and in the clainms, "or" should be understood to
have t helBagdatebadgvslppadonfia/ or” as defined above. For exanple, when
separating itens in a list, "or" or "and/or" shall be interpreted as

bei ng i ncl usi ol the Jd.nclusikon of ‘at. 15| .east one ut..al so
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of patent law. As used herein in the specification and in the clains,
t he phr ap&ramgtery, disensne, Mmatenials.cindfoz gorfiguyatiprsivall dgpendriwon thawpeeific
el ement s nder.st-0qQgd - at | east one .25el enent
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clair.ned. The present invention is direcfed to each individuﬁi feature, system, article,
material, kit, and/or method described herein. In addition, any combination of two or more
25  such features, systems, articles, materials, kits, and/or methods, if such features, systems,
articles, materials, kits, and/or methods are not mutually inconsistent, is included within
the scope of the present invention. -
All definitions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or ordinary
30  meanings of the defined terms.
The indefinite articles “a” and “an,” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to mean “at least

b

one,



limting exanple, "at |east one of A and B" (or, equivalently, "at

| east one of A or B," or, equivalently "at |east one of A and/or B")
can refer, in one enbodinent, to at |east one, optionally including
nore than one, A wth no B present (and optionally including - 37 -
el enents other than B); in another ermbddi ment, to at |east one,
optional l'y including nore than one, B, with no A present (and
optional ly i n(ﬂhﬁtﬂhﬁige &nshenitas lm@chbtrreltﬂhaﬁiﬁeASyEClﬁnatmandnmtheeﬂalms should be

di
and at + oaderGadlo BERT sl Ak Hafn 6hmshE D RARSISHE, oo et at v

opt i onal leynjunédved} fgscat itgonsd @B&rﬁna)d,153@{&1vel§|ﬁres'éﬂlQH|o‘ihe@b§§és bR1ultiple
understood that, unless clearly indicated to the contrary, in any

met hods €leamentsdistrswith “anddar” rshmllqh becqmtr@ed h?ethe &ee ﬁats@pnore .aone or mere”

or der ¢ of f h ed
I e R e R e AR T T
the cl ai REemeas spe&:ﬁcai@ identifted tBae r‘iddszc&t’ bﬁﬂs@%‘éﬂser dldted oG Elated e
phrases such as 10"conprising, ' "including, " "carrying," "having

" cont ai nithRye elementsspeeiigally idpiifiedn g hus, es smoadeitiog exaraple. wéermq@éo afie
to be undgist quvﬁe%etgt@crl gﬁgﬁlﬁt}ﬁﬁqg Wltﬁr en—eh&’ed(;ﬁﬁéh DEL ddrsn‘gmggﬁszﬂgt can

limted to. I ona ses cnssmgo
"consi st irefer, asmm”&mlmddamemt to Alvalyl (opﬁonalllgsmiudmg skefmients|otisee dhan B); in

transjitiona hr.ases, re ectively, .as set forth in_the United States
Pat e %@P qEacenst topR PR ORBRITY H@ﬁ%e@eﬁ%g thezthap; A imyef gnesher
15What | %xrﬁ»béa'xﬂl%@' th §oth @%n@h%f}{%nally mcl-udl% %@P&&h&xﬁt?)ﬁ etcCOMPrising: a

m xture of a first bi opol yner' ‘and a” second” bi opol'y wherein the
second As used herein in the specification and in the ciazrns, “ ” should be understood to

have the same meaning as “and/or” as defined above. For example, when separating iterns
in a list, “or” or “and/or™ shall be interpreted as being incl'usive, i.e., the inclusion of at

15  least one, but also including more than one, of 2 number or list of elements, and,
optionally, additional unlisted items. Only terms clearly indicated to the contrary, such as
“only one of” or “exactly one of,” or, when used in the claims, “consisting of,” will refer to
the inclusion of exactly one element of a number or list of elements. In general, the term
“or” as used herein shall only be interpreted as indicating exclusive alternatives (i.e. “one

20 or the other but not both™) when preceded by terms of exclusivity, such as “either,” “one
of,” “only one of,” or “exactly one of.” “Consisting essentially of,” when used in the
claims, shall have its ordinary meaning as used in the field of patent law.

As used herein in the specification and in the claims, the phrase “at least one,” in

reference to a list of one or more elements, should be understood to mean at least one

25  element selected from any one or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the.
list of elements and not excluding any combinations of elements in the list of elements.
This definition also allows that elements may optionally be present other than the elements
specifically identified within the list of elements to which the phrase “at least one” refers,

30 whether related or unrelated to those elements specifically it_:ientiﬁed. Thus, as a non-
limiting example, “at least one of A and B” (or, equivalently, “at least one of A or B,” or
equivalently “at least one of A and/or B”) can refer, in one embodiment, to at least one,

optionally including more than one, A, with no B present (and optionally including



5bi opolyner is identical to the first biopolyner except at one or
nore | ocations where the second bi opol ymer contains a cl eavabl e

| i nker positioned between two subunits, wherein the first biopol yner
and the second bi opol ynmer each conprise am no acid sequences. 2.
[ cancel | ed] 10 3. [cancelled] -37-4. [cancelled] 155.The
conposition of claiml1l, wherein the cleavable linker is nethionine.

6. The comnm therdhamB)allmﬂgﬂlmwﬂmdnneﬂh,eto faf fesst o, aypdibpatty inaludingmaore

second biopo tach The conposi on of
oratm o e B vith Bad PSR fack pBodithiRiiiiing ofemitl RO aRRRA b
8. The conpeskt élﬂcﬁbcﬁﬁleﬂ' @l AMchst MEERidRallP Srcl@idLmbfe fhiheoﬁé AS Emd at least
bi opol yner to the second bi opol yher is greater than 1: The

conposi t 086 aptionallt includingumarh drancoepi I(&ldrlgntlangilmaluﬁm o@iﬁerstnncbnts), etc.

0 The composit N HeE ot e eany QS RRERTH bbb i os
an anchoieiliidd@labkdhaemUBRGEladImar: thad SidWtéis: RAITROorAe! 6F thESEEI \Gilacts
extens Or(])f the n?ethod 1s not necessarily limited to the order in which the steps or acts of the
method are recited.

In the claims, as well as in the specification above, all transitional phrases such as

M L

10 “comprising,” “including,” “carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially
of” shall be closed or semi-closed transitional phrases, respectively, as set forth in the
United States Patent Office Manual of Patent Examining Procedures, Section 2111.03.

15 What is claimed is:



11. The conposition of claiml1l, wherein the first biopolyner
conprises an anchor am no acid sequence and a C-term nus am no acid
sequence extension. 12. The conposition of claim1l1l, wherein the
second bi opolyner is at |east one subunit 5l onger than the first

bi opol yner. 13. The conposition of claim1, wherein the second

bi opol yner conprises at |east one nore amno acid than the first

bi opol yner. 1014. The conposition of cl38 m 1, wherein the second

bi opol yner has the sanme nunmber of am no acids as the first

bi opol yner. 15. A nethod, conprising;._grow ng biopolynmers on a
surface, wherein during the gromﬁngcég@Bﬁ% cl eavabl e 151 i nker
precursoy, i s AddeodiRo:f cAREHMAR.coNt ai ni ng the biopol ymers and

i ncorporated into the biopolyners such that only a portion of the
bi opol yners gr owsusefeHiestdigpohoeer eohe stcand biobelamngh wheldimibesewadi ved
fromighe, cl eavabl el L.nker .precurso wh in the hi | [

conpr seP SRR Rois Far BT RIS i ahmaaRhl RSy oDk DS BBt |
t he cl eawabhdEbibpsik@er gmedny sdsavabliepinkaessiibndddastecenneo aibunits,adietkin the
17. The thod of claim 15, erein |l ess than one equiyal ent of the
cl eavabl 85f PR MSE @RAips gico Plﬁp?léglﬁ%%ﬁchf@nla%%e@em%a%éﬁffﬂélﬁ%%n t he
sequences is added to the nedium 25 18. The nethod of claim15,
wherein the medi um further conprises an am no acid precursor

di sti ngu?shablcendetledh t he cl eavabl e |inker. 19. The nethod of claim
18, ﬂ@erein the ratio of the amno acid precursor to the

3. fcancelled]
4. [cancelled]
15 5. The composition of claim 1, wherein the cleavable linker is methionine.

6. The composition of claim 1, wherein the first biopolymer and the second biopolymer

are attached to a surface.
20 7. The composition of claim 6, wherein the surface is the external surface of a particle.

8. The composition of claim 1, wherein the ratio of the first biopolymer to the second

biopolymer is greater than 1:1.

25 9 The composition of claim 1, further comprising a plurality of said mixtures, wherein

each mixture is attached to a separate particle.

10. The composition of claim 1, wherein the first biopolymer comprises an anchor amino

acid sequence and an N-terminus amino acid sequence extension.



30cl eavabl e | inker precursor is greater than 1:1. 20. The nethod of
claim 18, wherein the ratio of the amno acid precursor to the

cl eavabl e linker precursor is greater than 5:1. 40 21. The nethod of
claim 18, wherein the amino acid precursor conprises a first
protecting group and the cl eavable |inker precursor conprises a
second protecting group different frodPthe first. 5 22. The nethod
of clai mi5, Thedongosicionpf ¢lginng, wireosiir tig fhstdpoaiofyreersomprisesph anetior ayinpf
individuaLanrticleﬁacﬁ%erein each ﬁ@rticle co ri ses a unique

bi opol yn&Pe SR AN B r-AGH M EOAPPIC SR IHG' R plural ity of

bi opol ynmer species_with at | east one surface, wherein at |east one of

t he bi opol yner species has been nodified to contain a cleavable
li nker pb&iti Bieupesifiesat elawn supisasip éhe sgpnd biopolymerdg #tdeast oty stpenit

p'Ur@iitM?Q&WR&§HQ¥XfE%@o§ﬂwPhe at | east one surface such that only a
r

portion of °t he |060 y attached to the surface contain the

cl eavabl e I'inker, wherein the 15bi opol yrners each conprise am no acid
seqguence . A _conposi ti,on, .conmpr.i Si ng: . a_hi opol.yne

At tachedito ol B APEONTORAbT G BTN Borsandipnel Tnd e Al oot oge
cont ai n mofd Savabtie thantkefirspBispdly@eed bet ween two subunits, wherein

t he bi opol yner contains 20a binding region separated fromthe

cl eavabl e linker by a distance sufficient to reduce the binding

af fi \[,'&ijt y1of the b Ei:ﬁgn 'b?ﬂiafﬁ{‘1,f\§’ﬁer<§nttl?crsggt_§ndsoqﬁﬂl)§§er%s H2S$8mt Hﬁ’tﬁbcgg%ﬁ

and erein the biopolynmer conprises an am no acid sequence.
[ cancel | &dino28ids as the first biopolymer.

I5. A method, comprising:
growing biopolymers on a surface, wherein during the growing step a cleavable
15  linker precursor is added to a medium containing the biopolymers and incorporated into the
biopolymers such that only a portion of the biopolymers grown on the surface contain a
cleavable linker derived from the cleavable linker precursor, wherein the biopolymers each

comprise amino acid sequences.

20  16. The method of claim 15, wherein the cleavable linker precursor comprises at least

one amino acid.

17. The method of claim 15, wherein less than one equivalent of the cleavable linker
precursor with respect to reactive centers on the sequences is added to the medium.

25
18. The method of claim 15, wherein the medium further comprises an amino acid

precursor distinguishable from the cleavable linker.

19. The method of claim 18, wherein the ratio of the amino acid precursor to the

30  cleavable linker precursor is greater than 1:1.

20.  The method of claim 18, wherein the ratio of the amino acid precursor to the

cleavable linker precursor is greater than 5:1.



26. [cancelled] 27. [cancelled] 40a 28. [cancelled] 29. The
conposition of claim?24, 32 or 28, wherein a second plurality of the
5bi opol yners are attached to the surface, wherein the second
plurality of the biopolynmers are identical to the 41 first plurality
of the biopolymers except at one or nore | ocations where the

bi opol ynmers of the second plurality o#0bi opol yners contain a

cl eavabl e Iinker. 530. The conposition of claim?24, 32 or 28, wherein

the surface is the external surface of a particle. 31.[cancell ed]
1092 A cBlposTid BiibSE bR bR S aheRB koo BhiRaa By s
sur face, profeefifd grobh rdho BRhYIFRY lidkeSpre@etortBeibfit@d stnd@rdiddthg@roup
cl eavabl e |inker positioned between two subunits, wherein the
biopolyN@ﬂkEﬁhﬁ@Pﬁ@3@$binding regi on separated fromthe cl eavabl e
linkey by at |east two biopolynmer subunits, and wherein the
bi opol yner conprises an am no aci d sequence.

22. The method of claim 15, further comprising growing biopolymers on a plurality of

individual particles, wherein each particle comprises a unique biopolymer.

23. A method, comprising:

10 mixing a plurality of biopolymer species_with at least one surface, wherein at least
one of the biopolymer species has been modified to contain a cleavable linker positioned
between two subunits; and

attaching the plurality of biopolymers to the at least one surface such that only a
portion of the biopolymers attached to the surface contain the cleavable linker, wherein the

15  biopolymers each comprise amino acid sequences.

24, A composition, comprising:
a biopolymer attached to a surface, wherein the biopolymer has been modified to
contain a cleavable linker positioned between two subunits, wherein the biopolymer contains
20  abinding region separated from the cleavable linker by a distance sufficient to reduce the
binding affinity of the binding region for a target species by less than 20%, and wherein the

biopolymer comprises an amino acid sequence.
25. [cancelled]
25

26. [cancelled]

27. [cancelled]



15 33. A conposition, conprising: a biopolymer that has been nodified
to contain a cleavable |inker positioned between two subunits,
wherei n the biopolynmer contains a binding region, wherein the

cl eavabl e linker is |located within five biopol yner subunits of a
term nus of the biopolynmer that is 20 attached to a surface, and
wherei n the biopol yner conprises an af¥fo acid sequence. 34. A nethod
of screening a library of biopolyners, conprising: provi di ng
a pIuraI& y o&gg%gagcles, wherein each particle conprises a unique
first bioOpoly Hd a uni que second bi opol yner, the second

bi opol ymer conprising a cl eavabl e 251 i nker positioned between two
subunits; contacting the plurality of particles with a target;

i sol at i nd’-menbes ongpsiting Og?la%%t 058, pEparsip peecopf lurgity 9f Meove a

t hresqiol giol)ﬁxgxlers%'é RideR& b D& face, wherein the secoh€ 8N4y 6F @R ¥RRBbEmers are

|l i nkers ont i sol ated members of the plurality of particles’to 30
rel ease wefittagtpght of the second biopol yner; and 4la

determ ning the sequence of the fragnent of the second biopol yner,
wherein the first biopolynmer and second bi opol ynmer each conpri se

am no acid sequences. 535.A library, conprising: a plurality of
particles, wherein each of the particles has attached thereto a first
bi opol yner and a second bi opol yner, wherein the second biopol yner is
identical to the



42 first biopolymer except at one or nore |ocations where the second
bi opol yner contains a cl eavable |inker positioned between two
subunits, and wherein the first biopolynmer and second bi opol yner each
conprise am no acid sequences. S 36. The library of claim 35,

wherein the first biopolynmer and the second bi opol ynmer each conprise
am no acid sequences. 37. The librarylof claim35, wherein the first
bi opol yner and the second blopolyner 10each conpri se nuclelc acid

, f h
and-cho. ke Obr biReRbeRieCorfaled sl kidnh Peiseh® YodaP Rl T
library ok sedoatl glusSity vhgibpdlpmbReoflakovdaddvebleilinkar i s rret hi oni ne.

40. The library of claim 35, wherein the ratio of the first biopolyner
to the second biopolyner is greater than 1:1. 20 41. The library of

cl ai g 3539 Whetg Dyl dagitibh bBLaid 94?%536‘?9@ WINTRR URES B @E}Fehz‘i{en%‘i‘sﬁl@ac@%&“d

sequence and an N-tenninus amnd acid sequence ext ensi on.
| i brary oparttlai m 35, wherein the first biopol yner conprlses an anchor
am no acid sequence and a C-term nus anmi no aci d sequence extension.
25 43. The library of claim35, wherein the cleavable |inker
i ncr easesl.t he[ch@rpéd) of the second bi opol yner as conpared to the
first biopolyner.
10 32, A composition, comprising:
a biopolymer attached to a surface, wherein the biopolymer has been modified to
contain a cleavable linker positioned between two subunits, wherein the biopolymer contains
a binding region separated from the cleavable linker by at least two biopolymer subunits,
and wherein the biopolymer comprises an amino acid sequence.
15
33. A composition, comprising:
a biopolymer that has been modified to contain a cleavable linker positioned between
two subunits, wherein the biopolymer contains a binding region, wherein the cleavable

linker is located within five biopolymer subunits of a terminus of the biopolymer that is

20 attached to a surface, and wherein the biopolymer comprises an amino acid sequence.

34. A method of screening a library of biopolymers, comprising:

providing a plurality of particles, wherein each particle comprises a unique first
biopolymer and a unique second biopolymer, the second biopolymer comprising a cleavable

25  linker positioned between two subunits;

contacting the plurality of particles with a target;

isolating members of the plurality of particles that bind above a threshold level with
the target;

cleaving cleavable linkers on the isolated members of the plurality of particles to

30  release a fragment of the second biopolymer; and



44. The library of claim 36, wherein the second bi opol yner conprises
at | east one nore 30am no acid than the first biopolyner. 45. The
library of claim36, wherein the second biopol yner has the sane
nunber of am no acids as the first biopolyner. 43 46.(New) The
conposition of clainms 24, 32, or 33, wherein the binding region is an
epi tope. 547.(New) The conposition of 4k ai m 24 or 33, wherein the

bi ndi ng regi on and cl eavabl e |inker are separated by at |east two

bi opol yner subunits. 48.(Ne T onposi t.i.on of .claim 24, 32, ar 33,
wherel n the oy HeskREnts & o GRPBETF ERPROPA Pievale vk Hiytit
the G t epiholymePind REorAINiHH AR EaSLEMGHEE ambfd AR seligiods. The
conposition of claim33, wherein a first plurality of the biopolyners
are attached to a surface. 50. (New) The conposition of claim 24, 32,
or 33; fwfthe rising..g |ibrary of unique 15bi opol yners, wherein
5 . : /
each of Fﬂe b%ggﬁﬁgﬁgﬁgggg@attached to a separate particle.
a plurality of particles, wherein each of the particles has attached thereto a first

biopolymer and a second biopolymer, wherein the second biopolymer is identical to the
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first biopolymer except at one or more locations where the second biopolymer contains a
cleavable linker positioned between two subunits, and wherein the first biopolymer and

second biopolymer each comprise amino acid sequences.

36.  The library of claim 35, wherein the first biopolymer and the second biopolymer

each comprise amino acid sequences.

37.  The library of claim 33, wherein the first biopolymer and the second biopolymer

each comprise nucleic acid sequences.

38.  The library of claim 35, wherein the first biopolymer and the second biopolymer

each comprise polysaccharides.

39.  The library of claim 35, wherein the cleavable linker is methionine.

40.  The library of claim 35, wherein the ratio of the first biopolymer to the second
biopolymer is greater than 1:1.

41.  The library of claim 35, wherein the first biopolymer comprises an anchor amino

acid sequence and an N-terminus amino acid sequence extension.

42, The library of claim 35, wherein the first biopolymer comprises an anchor amino

acid sequence and a C-terminus amino acid sequence extension.

43. The library of claim 35, wherein the cleavable linker increases the length of the

second biopolymer as compared to the first biopolymer.

44,  The library of claim 36, wherein the second biopolymer comprises at least one more

amino acid than the first biopolymer.

45, The library of claim 36, wherein the second biopolymer has the same number of

amino acids as the first biopolymer.
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46. (New) The composition of claims 24, 32, or 33, wherein the binding region is an
epitope.
47. (New) The composition of claim 24 or 33, wherein the binding region and cleavable

linker are separated by at least two biopolymer subunits.

48. (New) The composition of claim 24, 32, or 33, wherein the cleavable linker is

located within five amino acids of the C-terminus of the amino acid sequence.

49, (New) The composition of claim 33, wherein a first plurality of the biopolymers are

attached to a surface.

50. (New) The composition of claim 24, 32, or 33, further comprising a library of unique

biopolymers, wherein each of the biopolymers is attached to a separate particle.



