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Descrigbed herein are inventive conpositions and nmethods relating to
sanpling of biopolynmers and, in particular, to fractional sanpling of
bi opol yners. In one aspect, a EFOEBDSOFINYENTHINvi ded. The conposition

conprises a mﬁésglrigedol{erein are inventive compositions and methods relating to sampling of

biopolymers and, in particular, to fractional sampling of biopolymers.

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
identity 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 biopolymer and a second biopol ynmer, wherein the second
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10 In yet other embodiments, the surface is the external surface of a particle.

In still other embodiments, the ratio of the first biopolymer to the second
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 surfacé, 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.
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In still other embodiments, the amino acid precursor comprises a first protecting
group and the cleavable linker precursor comprises a second protecting group different
from the first. , | .

In yet other embodiments, the method further comprises growing biopolymers on a

15  plurality of individual particles, wherein each particle comprises a 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 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 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.
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bi opol yners, wherein each of the biopolyners is attached to a separate
particle. In yet another aspect, a library is provided. The library comprises 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 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, eaph identical or neérly 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



In still another aspect, a nmethod of screening a library of biopolyners is
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amount of cleaved peptide (relative scale) versus % peptide for LC running. The area was
normalized relative to the value of full saturation (=100%) obtained by double coupling
20  method; '

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, accordiqg 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 3 shows two nmethods for generating beads containing fractional anmounts
of nethionine at specific positions by using pre-m xed am no acid reagents,
accor di ngvoeoamodsenbodi nent; FIG 4 shows a standard eefrisicretoioosrseur ve
obtained by running LC with variable anounts of the peptide

Ac- Phe- Leu- honoserine | actone, which wgs used to achi eve precise fractional
coupling relative to full saturation (=100%, according to an enbodi nent .
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screened with the 30 peptid i'brary of 100% net hi oni ne |inker, according
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screened wi th Rlige 12 WidwOAlY SREUEIUCToBGRE 14( A0H2KEr hexfimer-2 to the combined
peptide tetradecamer-N2C via the two elongated peptides decamer-N2 and decamer-C2;

15  and (B) dot blot experiments of the tetradecamer-N2C in comparison with the hexamer-2,
decamer-N2, decamer-C2, along with the 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 Ry, for immobilization
was RU=1000. The concentrations spanned from 1uM to 8 nM; and

FIG. 15 shows SPR sensograms of (A) RYRR-G¢-WRYP (SEQ ID NO. 2); (B)

25 RYRR-PEG;-WRYP (SEQ ID NO. 3); (C) RYRR (SEQ ID NO. 4); and (D) WRYP (SEQ
ID NO. 5), according to an embodiment. The R, for immobilization was RU=1000. The

concentrations spanned from 1uM 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
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fracti on Wépatmaér 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 embodiments 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
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cl eavabl e Iinker. The biopol yner species may, in sone enbodi nents, be

attached we 29115048f78ce. For exanpl e, the biopol ynmer specipeg/saByiodgot ached
to beads. In sone enbodinments, a portion of a uni que biopolymer species nay

be sanpl ed by cleaving the cl eavabl e lLignker. In sonme cases, the sanple may
be analyzed to 5 determ ne the sequence of the biopol yner. In one

For i nbt aeg uitaEn o MY el Ll Bl Pl RPN Rona BB Ra B S of cavanl

For instance, I'n sone cases | | P eavabl e
| i nker i nteactbergeoupslindudeasirtaixyl, blicolds, Whifiess peCthags. whi | e | eavi ng ot her
nol ecul es of the hiopol yner species essentially free of the cleavable
li nker. For ex=#fP1aPOl¥mEY spseissmay be Ry suitable RABenyspestrsniips sepablaly af f ect

t he bi ndij | Welalo] AV ' far ' Lt may
thus be donrrapEaie: fterEmeRRon iy SREE iy kg ol S 18T BRogk
cl eavabl ebwmohlimited togas argahismoh ctlher themprahy,rEproeic ah eszymey ahantidyest ed and

have the renai ni ng bi.opol yner sgrem e; be essentially free of the cleavable
li nker s eEP Yo UERSCHPHRR ackons Q%R Bty atrﬁ‘éleH%?r? »[{f apfameh ‘_E)tPO&'PS@Fy?re_r
speci es aiflydabehatial G, &Bﬁﬁoﬁﬁnerlﬁ%eﬁ%aﬁ%@&irﬁﬁ?&%gn%eﬁ@y ik

bi opol yner species may allow’a sanple of the biopolymer species to be

col | ect ecemigidementaghebiopolyuiey spucies gemprsesroayg ob modesituably®ccirdng extamits.e,

when the jdenti.ty of the hiopolynmer species,. ar the identity of a.region
wi thin the”bi 1816%1%/%,%@@%60? i“gtgl,ral éo‘ifﬂfﬁ’&ﬁﬁ.gurpﬁ 1n¢ipde Rl dRt Apane 9 sanpl e
of th® bigaGuYAer bR @SesTai¢ Hispoiyhbrptaes indy 80mpaSAYnitefic SeuRitdisating t he
identity of the biopolymer 20 species. For exanple, in sone embodi nents,

t he bi opasyithetigreglensidan pynbeticainian aeids, and synthetissigarsi Angerme det ai | bel ow.
I n some eghodd { | ' e e .a surface.
The surface n%lggggéﬁg%%}%gﬁlgbgg?ﬂee\é{sgg r;?azlgg.ahﬁ%;a E%Yr%pecoég’ é{su?glryﬁgccéﬁir aélé may
conpri se gynthetiabybuaitsrenadom enbadliments thebiopslymeplay ifiorpdrate sebumimligat i n
sone cases the surface. may conprise 25gold, sjlver, silicon, or glass
(e.g., coWFYeqs|iaersoFhaingXianders, reaclivshenicrh seluhitity snhapgras.dspdatoay be

pol ynBr i Ceenfel, of fhliARCe, the surface may conprise non-degradabl e or
degradabl e polyners. I n one enbodi nent, the surface may conprise

pol ystyrene. Polymerspregameraliyieattindetinslectlaestauchireacemmisingebackibores wihade of a

TGN AR NI G S A O
i n certaiAs eEa 0t *backbeis’ it BARn Its Brdih&§ meaning asbedSRTRe HTROE! BAas, t he
surface may  be functionalized with a reactive group to which a nononer or
bi opol ynethainesf agumewithindhe pelimsnmelesuledy, whipk og_émhaﬁnﬁ@fgtmqommpé be
(rjnla;/e(t;?tgl y r@é&rﬁ&h&s%e&r?g ]Se!}ﬁarﬁu r’l'fyﬁftglly,lﬂﬁt ﬁ(?tnﬁw%;gg) 91%' yReote id &1% lgneg%gttclh\a{% off oup
atoms within the polymer. In some embodiments, a polymer may be branched at one or
more branch points. In such instances, a branch may not be regarded as a pendant side
group but rather a separate polymer 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 polydiqxanone; polyacetylenes and polydiacetyienes; 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);



WD 2011/ 008173PCT/ SG2010/ 000266 - 8 - indirectly attached to the surface
using a linker (e.g., PEG. Non-limting exanples of reactive groups

i ncl ude ogpberydogr7zal cohol s, am nes, and thiols. Pog/sei@idbyRE"

speci es may be any suitable polyner suspected of or capable of interacting
with a target species. A target specieg _may be any biol ogical target
including, 5 but not limted to, an organism a cell, a nenbrane,

o out 't AP RRrnE P it Ws) Sud R Aoraigld ST 'lﬁ‘g'a%ga%sshawdde
etc. A bigpahyd®kyilRdhoats)Qichadbbly( PEFAIbLybigyrate) %ﬁ‘ﬁdl%l-wydréﬂ'ybﬁ@me-co-

enbodi nents, the biopol yner sPecres conpri ses one or

natural | y3 Bx%rerwaﬂrgatehmﬁer@a ivgsrang back; ng@ﬂa‘i‘%ﬁlabslmé% %&elﬁb&cky occurring
subunits (} s Otk §5Jedes, ami no acids, 10 and sugars. In some cases,

t he bi opod; r specr €s nmay conprise synt hetr Cc subunits, such as synt hetr C
nucl edt i des, s&rmbh&i‘mmngaxalm)lawlﬂiaowaie(ﬂeﬁymbheFIG lssl@&rsapakﬂibls OO®having

enbodi nment e bio peci es na I ude a . m xture of

nat ural | yaﬁe&ﬁrop?largwgm% 1fap esecasﬁﬁr ymes Spesies leRistachediie the supface

bi opol yms;rftH@yamaeormaamewe@roba tﬁeﬁ'%fth(ﬁ%}léﬁrtﬁ%sl drOBEApe L RATE, §; hi%nder S,
reactive centers, solubility enhancers ation 15centers, or 1

Pol yner s iabg vgle'nxfleazluhyle@ntyeantkdl otbé¢rembodimetts, witien sgtersompy be umgl baclimones

whi ch opt cont ain ant si ucl e bases _ and/ or

ani no acr:) |tL Qt?’ag JrELPETes g&&]&@éﬁcwgg’é(?lﬁi %ﬁ@éﬁ%ﬁ‘é‘“ BE “’g‘ci HPM; ?téacg?‘fﬁonar y
neani g <'9e[5?lk-iﬁﬁci§ubsft'ra'ié~| 8r fMellike® Tle pardiclel Iﬁ%al'ie fa Whrad) SimiqHelpattitidshe

pol yrer ecul e by which ot her charns of ons may be 20 regarded as being
pendant . e e ﬁryt bippalymet spgrigaged the ﬁecomdé)mﬂren¢r§pc¢1es 4re nglergc opleadhn of

at ons t t branched at
one or Wrméﬁe&b r}g"%(l:‘ﬁg p% Fﬁéuid bf Hﬁé’e&% 8| nsf%ir:grél?ma?ﬁ?%ﬁ%lh %gﬁeyccg?leﬁgjf ?Iegar ded

as a pendaithorgioflhegimigi patticlésatTerfirst i@RAyaérsppeiby NEY comfipises ¥bdqubndetagel f i s
connected to a oII\)/rrer chain at a branch point. For exan% an ani no acid
sequence a0 gsigsubupnits chpgen diym a pepl Ofv%ﬁ@ﬂetsa Ths segong beo speqies KOquence

di verjges éo%ﬂ?'}(%@s A8 &Péé&uﬁxﬁé}l&ﬁﬁﬁ‘?@&m@s@{uﬁﬁ? Bs M@ bi (5306% Al ng?EClE@yl(pe a

co- pol yner r exarrp ternating, or ran
An exenplexcypt thasa-dléanatile higkéri 1SO mﬁmsq:xmdydeaveemriwr of shd Mhnmbofghé ;&an«t har i des;

CeaonceayoPERe Bt cRue A TUtm O yR PBEHARE Y §bT Yk isciEnable 1Ak

pol ycar borsatigs mdﬁﬁbiﬁﬁ@ bwinitdahe 138 w@oyﬁh&@ea@@mcmwecﬁaﬂ@daaﬁe@ed
pol ydi acet I ene pol yphosphazenes; pob%sr | oxanes; pol yol efins; pol yam nes;
vasig

pol yest er Iayenﬁmr,fyeqq@ocg/(iﬁ hTahe egquenpeliq isluniguens cosh wugye

ol t h a hacr | at e
Bol z% yﬂa?&g%% a%ft@ %n%%lg%squ (1?6 yco fcg %%F%:}{‘ i %yfﬁhi ‘%368%10& ycolic
aci d); pOl 60(cfalps casd blﬂpt)lymeir/@ez&i HHBBIARET romAad 9é1@i@&25§ via%leavable
pol y(orthoesters); pol (et her esters) such as pol ydi oxanone; pol y(am no
car bonat diker 53 ap despri %WV&I%M%)W erama BuxtHEs thetxan pa selesaianily at e)

and pol y(ﬁl gaeymg@ e@&&n&ﬂf@?%ﬂ{ Copgﬁésﬁeréeto nfg ag@ivegreﬁfmbfy ock,

random I near, or telebloc
sequence 140.

25 In some embodiments, the first biopolymer species and the second biopolymer
species may have the same number of subunits. In some cases, the second biopolymer
species may have more subunits than the first biopolymer species. In some instances, the
second biopolymer species may have fewer subunits that the first biopolymer species. For
example, in some embodiments, the second biopolymer species may have at least one more

30 subunit, in eertain embodiments at least two more subunits, in certein embodiments 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,



S5A non-limting exanple wll now be described. FIG 1 shows a particle 100
having a first biopol ynmer species 110 and a second bi opol yner species 120
attached we sbh@osisf ace of the particle. It should be updersshee@dosliat
al t hough particles are described in FIG 1, this is by way of exanple only,
and in other enbodinents, other syste_nﬁq_rray be used, e.g., the first
bi opol yner species and the second biopol yner species may be in solution,
attached t0.10a gla nar substrate, .or the.
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i denti cal ,on each unique particle. A portion 160 of the second biopol yner
speci es SR @e Hved fromthe particle, e.g., via cleavable |inker 130,

as dggcri bed iAbHpoRMER hitly hab€ hidykuifable 18t Aokt dirfoddi@tnt§ aRe D

subsequent |y analyzed by mass spectronetry (or other techniques) to
det er m ndieprdymerguanbayeat leasirfivelsubungtsginesectainientbodBents stdpast temsublumitsnins, t he
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have nor eubuits)int rthihamnbodanénts sttleddt BRGIY-RE sGRMNE AR certdin SABBdinithtsICES,
t he second bi opol ymer species nay have fewer subunits that the first

bi opol ymdfast By aibunitsin gerigip prabodimenis i leasiibiatynityr siburitie ardingietaisi opol ymer
speci|gs %ﬂﬂﬁ&tﬁ&tléﬁ??&tﬂﬁﬁume 30 subunit, in certain enbodi nents at

| east two nore subunits, I°'n certain enbodi nents at | east three nore
subuni ts, and The mtivtodithe fensblsidpotpmesspetiel eatht sécnd binpolynsdtBpediéssnay be sone
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as di scussed above, the second biopolyner species nay contain a cleavable
| i nker, vheewans emhedifientstgredtentbanyfdrin seréain embodigentstgreaterttbam2@il cindaw abl e

i nker,. 1 n.sone.cases, the first.hiqpolynmer.species.and.a second bi opol yner
speciDs 1Ay ETORTEs el ande R S BRoPREE R R e CraE P SoskRer ray
be i nser tsach hat Mgemtity\of the Betonll Hidpblynite spes@NAfidi &R GdyMRlysR e es,

t hereby increasing the I ength of the second biopol yner species by one
subuni t rsampled\hy deavingdhe pecond biopplymerspecigseci es. I n sone cases, the first

bi opol yrrer spqaga%aiﬁ@gﬂbsﬁganegﬁggﬁqu@@@%ﬁ@%@é@@%&i@§mq?;éggfevl?sehda tical

sequences and 1 dentic S excep nor e 1 ONS’ Where a
subuni t ahsteddeorde e sindlelbiopdymerspesipemiag be used: dplsame dmbbdimentss hik avthel e
10A.bj opol ymer nmay have any suitable length. In some enbodi nents,

l'i nker.. r
t he (éisopcﬂ“iﬁlr%{”o LIRSCIeh mayercleavales upunits, in certain embodi ments at

lleast ten subygy diSeusidd above, in some embodiments, the presence of a cleavable linker in the
second biopolymer species 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 t‘he binding affinity
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
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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
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f r agment slengths. nprexpmplg: in somegzmbpdimenty iinaybe desiableip priduse a Gagwentr se,
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may nprise. a plurality of 25 unigue biopol ymer . species, ere each uni que
bi opdly meserapdEredimess fidest Fizbhigpelymer kvl oF i kit fhbodimenis aEleatto,
exanmpl e, tth8iopblyhitk sibun@tk. Uni que bi opol ymer species nay be arranged in an
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attached to t hla ssmefeabedinenss, sdibmarsébioaplymer epecias ke pavided- st s,  at
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conprise a cleava
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 cleavable linker.

30 In some embodjments, a library may comprise at least 100 unique biopplymers, in
certain embodiments 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.



30l n some enbodi ments, a library may conprise at |east 100 uni que

bi opol yners, in certain enbodi nents at | east 500 uni que biopolyners, in
certain egbodimpeis at | east 1000 uni que biopol ynmers, i pcegchaiooozes

enbodi ments at | east 5000 uni que biopolynmers, and in-certain enbodi nents at
| east 10000 uni que biopolyners. WO 20{,1/008173PCT/ SG2010/ 000266 - 13 - In
sone cases, each nenber of the |ibrary of biopolynmers may conprise a fixed

seqguence regi nch vari abl e sequ regi on.
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any standard nethod, such as standard 20 aut omated solid phase synt hesis
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o4 fercs P AROIHELIIBNREnEORLIELE]. W SACRMBRAARSRE Aher - € - BY

addi t'ion nore subu yner chai n

enbodi ne rrhsy besapaniabakid sequsice (€ .epolbglgpiat) MHie afnbﬁ@rmqméhcérﬁmybe ek@naanl to
forma fuyll-length biopolyner. In _certain enbodi nents, a bi opol yner may be

di rect | y Byreather orpoth tesminiy Fapexample an amigo agid prgher squEnGsARTY be %tenqeﬁ agome
embodi Men SN-@rfindP Hhd/fthe @eén%ugwﬁéé . qu‘ %béb‘ﬁ%@’eﬁ@r’ﬁ:l% attached to a

surface. In sone cases, a plurality of rs may xed with at
| east one sur f&b@psumrmmbetdmastmomdalsyw smldertd m¢ethdd, sneh o starglard

functj.onal , groups.aon.the at. | east. one surface to . becone attached. ny

ot hale. PPTRRS U s Snfiests Taplio s Hime f5es, Supltte TegiorstuBt o i n
sone cas QhzydatiQllp] OPYNEBhbIBM AR PbibpSlymet Maflbe b RtRicleddh stepXviseact with
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anot her dashigil, ée., biiadditiop of greeer merg subumiisite a geoveiag bwpplymar shapint fasomeay
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length biopolymer. In certain embodiments, a biopolymer may be directly grown on a

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 example, the biopolymer may comprise

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



WO 2011/ 008173PCT/ SG2010/ 000266 - 14 - surface. Nunerous |inkers and
reagents are known in the art for perform ng these reactions. In sone
enbodi neng§.20PiepEBYNMEr nonomers nmay conpri se one or nopeTgeMidmotlgat are
transforned or renoved during or after synthesis of the biopolyner. That
is, a biopolymer nonomer may be a "pregrsor."” For exanple, amno acid
nononmers nmay conprise an finoc protecting group on the amno term nus that
IS renmov he amino acid
nononer e&yﬂ%& 01(1%1&18 OQQHME&QQH&P %Fl %&3%’%%%96%%“ @%gﬁ r@ﬁpeeioému?%ﬁ) % nucl eosi de
phosphor amzcdiohe conpri ses a phosphoranmidite at the 3' position that is
transforned tqg a phos fe during 100l i gonucl eoti de synthesi s.
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at t ached precurses.”clncanetiisk exdmpli.er nuckeoside phadpheramiditecomprisebe i ncor por at ed
into a fr ctlon of,.growi ng_bi.opo r_chains, by any .suitable nethod. In
some enbddl® r?tr%mldétgfif)\rﬁ’: ? R&S‘?‘g‘h@% trﬁﬂ%agﬁ%%tor‘?éa‘ %%hageoé , as shown in
FI G 12. Rebgofivaegde symhesid.ded with a plurality of biopolyner chains, a
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essentially thec&amlém&tnaylm iBEUporaiel dstb A HcHon bESSWIREBIopSlyReti val ent s
of the cleavable linker precursor are mxed with the biopolyner chains, in

certain ehaigabmany suitablesmethgd b %’éftﬂ epabasiments,fa litaiding reageatanproach may be
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i xed wi DHOROT 51 368 ey GHEBcHen b PRyelof 1o ShBAFTARS. FLS3nS han 0. 1

equi val entyshodfmddie tﬁé ﬁﬁ&ﬁ%?clle?\mgferhmeﬁﬁf&ée& WeBedoRieVt iis fRGIthapo! yrer

chains. Foll ow ng addition of
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 linker precursor 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



5 cleavabl e |inker precursor, additional nononers may be added to the

bi opol yner chai ns. I n anot her enbodi nent, a m xture of a biopol yner
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30 than 20:1, and in certain embodiments 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 .



assay may be used to visualize the target species bound to the biopolyners
on the particles. In sone enbodi nents, the particles my be sorted nultiple
ti mes, whwoeosaobi7sorti ng round elim nates essentially trhe/spgactoioodss

exhi biting the weakest association with a target species. The sorted
particles may be deposited into vials,jgdth one particle per vial. The 20
cl eavabl e bi opol yner chai ns on each bead may then be cl eaved to produce
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the peptide or protein can be referred to as.an am no
assay may be used to visualize the target species bound to the biopolymers on the particles.

" In some embodiments, the particles may be sorted multiple times, where each sorting
round eliminates essentially the particles exhibiting the weakest association with a target
species. The sorted particles may be deposited into vials, with one particle per vial. The

20  cleavable biopolymer chains on each bead may then be cleaved to produce biopolymer
fragments. Cleavage may be accomplished using one of the reagents discussed above or
any other suitable reagent. The biopolymer fragments may then be subjecfed to any
suitable analysis. In some embodiments, the biopolymer fragments may be sequenced. In
some embodiments, mass spectrometry may be used to sequence a biopolymer. 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.



10 acid residue. The anino acid may be one of the 20 am no acids comonly
found in nature (the "natural am no acids"), or an unnatural am no acid,
i.e., an woiop/mei7d that is not one of the natural am necasiGdeL0/000266
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the kit he I nstructions may be pr ormrecogni z e by one
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| nternet or web- based connunlcatlons) provided in any manner.
alanine), N-methylated amino acids such as N-methylglycine, N-methylalanine, N-

methylvaline, N-methylleucine, N-methylisoleucine, N—methylnorleucm, N-methyl-2-
aminobutyric acid, N-methyl-2-aminopentanoic acid, etc., as well as the D-isomers of the
natural amino acids.

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,



I nternational Patent Application No. PCT/SG009/000258, filed July 22,

2009, entitled "Differentiation of |Isobaric Am no Acids and O her Species,"”
by Heat h w0 2811/008883d 5U. S. Provi si onal Patent Applicati eocTNG200b0R286, 881,
filed July 15, 2009, entitled "Methed for the Inproved Screening of

Bead- Based Peptide and Peptide Mneticigibraries Using Partially O eavabl e
Peptides," by Heath et al., are incorporated herein by reference. The
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as a cl eayahbeBirRhtiakod Bﬁst)taﬁfctAﬁtﬁtoh&@ldé%Ho&ﬁPSﬁmt’%ﬂq@aﬂb{mc%a on of

the coupling step in the standard peptide coupling for constructing OBOC
pept i de 1W.Br BrovissonahBateitolpplicatiarho Ri16225288 14 fitedehyls, 2009, entitied ‘Avlethaded f or

For 1 ur Lot CEnmRrest SPskrpe oL BehELeRRhadin bp SRR e ane | o

pol yet hy| gl Olesabl) Ppaibey,” waeaths:t hierard Mebperatéd Kerdin b@r'ﬂ:ﬂ@ﬁ:n(:e NH2)
chem cal group, as 20 shown in FIG 2. In this way, am de coupling

chenistry, whilde prO‘M@&PX@I@P]@éawléteaﬁ‘Mm ilestiate eeefeinegmijpdiments pithgept i des,
can be e I nto the bead, they
are typi %ﬁ%}{te lé)?ta'gdf)\rﬁgr?ng)é%gguen HSSC (?t?fgfr?\ésj&t %&oglgh t he use of f noc
(fl uaoen-9- yI met hoxycar bonyl ) group. The extent of the coupling of

f noc- prot ected nethionine (finoc-Met- max be controlled by limting the
amount of added reagents so 25 thatf raction of the exposed NH2
groups are reagfietantid BmbifhieR bR | f ¢

library is construcan‘g% acrgorgr%r?g %Ité&gtr%ngdéﬂr%cﬁf%n%ﬁlg?ﬂé%trdgt grér{%g

second nwphtadn(lgm)et}mrph@glsa\ahle@bmpsat@ﬁ 2 dtustratentwo oiethods that desbhb@nl ne

whi ch under, ence of

t th
N, N -dii st “Z%I“Hh?‘hgaﬁeg?‘g@h?as arﬁlgg‘f‘ﬁi%grﬁli?atlon of frnoc-protected

net hijgni ne by T flvek rhélﬁodiellh Pre&dnBAtREdifiOdtioni oF tROcuplhg Qkp Bfthe Qtahal only
a fraction of the exposed NH2 groups are reacted. This is simlar to nethod

(21), al tmmy@mcquhbng fas\goystrusting %pcptvhtlémar@gt és shewn in thgtFdg. Zdhe contr ol

over the @Bt(gb nd NH2
gr oups. e ﬁgghﬁlfﬁl %gql%)%(gégs un e?ér&% r %%(L:{ c;ﬂg'oé 8RQ§W ht eec;sulljags equent
coupl i ng fofctidnalitieddor furthtecHeadcA Modificcibss. A standard example would be a '

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 fmoc-protected methionine by using the activated ester form is
30  controlled so that only a fraction of the exposed 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



WD 2011/ 008173PCT/ SG2010/ 000266 - 19 - (finoc-AA-OH). After another

fi noc-deprotection by piperidine, the beads are appended by the sane

di stri butywenofifoopepti des as are el aborated by the first pggisagsholoddase BoOt h
met hods can be utilized to incorporate nethionine into a fractional anount
of the OBOC peptide library at any posijgion, including a branch point, a
m d-point of a linear peptide, or the CG Stermnus of a |linear peptide.
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onto the bead via methionine.

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 astandard 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-



poi nt of peptides. This nmethod was investigated as shown in FIG 5. The
first exanple (51) resulted fromfractional nethionine coupling to free

am ne gr oNpoPMopedds. The added anount of fnoc- protect egr/iebio@oszge and a
coupling-agent (TBTU) was varied from 10%to >100% for the .dnitial coupling

wi th am ne groups on beads, prior to 5gubsequent construction of a short
peptide for analysis by LC. The highest coupling efficiency (>90% was
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easily determ ned. Experinental details General: N-methylpyrrolidone (NW),
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N, Ndi i sopi50phk aksesbsaiameuntIrfER TV fhvedoesesipling i 132, Bopetuaiplé. Shanghai )

Ltd. Trifluoroacetic acid (TEA) and triisopropylsilane (TIS) were purchased
from Al dr| ch. Hhe seggndxx peqytainpd florobradseppending 2 tetrameric peptide

2w
N N e AL R RSBCIR NG ), At bagbPibodl | SAREN 0 BB Bl Bog 1T, 20
of rretGg: cwiupking of methionGel, fd8 eRample. Thsithisd éxhﬁ%i@mp)bisalgfmenm:?xgﬁ»:lf)w 5 in
T o resi r nno
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respectlve prepared by stirring ' for 10°mmin NWP , was added in
the pr eselrﬁ‘yecmfplmf@@tlaqmnvmmls&am solution in NVP). The resul ting mxture
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reagent for designated fraction of methionine coupled to any type of N-terminus on beads
can be easily determined.

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-



10 by treatnent twice with 20% piperidine in NWP (3 m each, v/v) for 5 mn
and then 15 mn. The solution was drained and the beads were thoroughly
washed bywdB11edsi¥s X 4) and DCM (3 m x 4). Subs gg4Raboewoslgesi s of
a peptide Ac-F-L-M10-100% : To the nethioni nebound beads (10-100%, after
swelling in NWP (3 m) for 2 h, frnoc-Leu-OH (2 equiv, 0.2 15 Msolution in
NVP), TBTU (2 equiv, 0.2 Msolution in NWP), and DVA (5 equiv, 0.5 M

sol ution |j - resultin | Xt Yr ed .for 30
oo rho” Ano YR EirRAHR L AIRHER) b8 Burkch A ol M el SRS Sg)
reagent sMISINIS Gitse vbthined ovitheBriuRg A@bflanhOtTeF/TeF. M n. Fnoc group was renoved
by treatnment twice with 20% pitg.eri.di ne in NMP (3 m each, v/v) for 5 nm and

then 15 nin. TRArtiabeounling ofamethioninete Tamtagrel § Amine zepins P connlinggs y
washed b n . The ¢ ' tiection
were r epg%dt%lﬂv&ﬁ f)hm ¥%ﬁ%%eWﬁ§lﬁaﬁoy%é%gp?@s er thgt%&(\%@@%ég?‘e@%ded by
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m) f 30 Th | t] t hly. hed. by NWP (3. ni
ARETE S e e e e e
whi ch werg, Qidifeior10%kin 42 NMB UCRE), a8 88d¥d8n ftlférp(rgs;éng'%o D Aw(%aﬂiu\?&é?%aﬁ gavage

of a singl’e bead: A precise quantity of beads

f ract i onssobftioman hiMP). rhewesul i gmedurierwas vartaxedsop3hdon,fwhicbwereDboonghlgd

wat er (200 ul e d.t he tube, was carefull urged with argon for 1
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resulting solution was concentrated under centrifugal vacuumfor 2 h. Step
Z Accur at™eins ddigsakuting wes draipdandtheibesda mereeorpaghlydeashed brhNMP3onkxadhbl e

l'i nker: FQr l it was denonstrated that, when only a fraction (<<
50% of a‘"’g’fér%%@nw%zgﬁﬁ% WD 2011/ 008173PCT/ S&010/ 000266 - 22 - could be
cl eaved from Subsegient bpattiesinofa paptids2GIFeDMVMID-1002%0):MEb it meidnthest i | | be
obt ai ned. Se&genci nég was daone using. standard mass spectronmetric nethods.
For this RoWpePrads §i0-180a) aftgbemedlingin NMESCGan der . tmesdreuAd (Begwenld

vari qisi eSvWBhioR i RM dTBTt')e% BV, B9MWBTBiof c iv, i M he

| i near pepti eg, 10% of "t he %g‘tfv'(’jes on a g gmﬂbea %%ng ev’c(ﬁegé/ed
usi ng st avotdiod ICNBAR)wecte atldal aldebe syeltiop eriksire was Fatexed fortd0aninh dhepept i des,

CNBr was ,utilized to,cleave 10% of the pepti.de t the branch int. Data
are vshovvr}lquﬂ'fi ypgdrajped ?B‘? etﬁogpmﬁ%'iepﬁeﬁ?‘gﬁﬁm%ﬁf’&‘rf@?ﬁené?fdu%‘”ﬁr"gl hed
pept i des,vopRging For HHOHMP 30 AHTROSirok QroupWistemboPRYBPtrafitfhesQINGNCRE 209,t h 100%

accuracy. Al| neagurenents were done on single beads. 10 Experinental
det ai | s piperidine in NMP (3 ml each, v/v) for 5 min and then 15 min. The solution was drained

20  and the beads were thoroughly washed by NMP (3 ml 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 HC1 solution) was added to the tube, which was sealed and

30 vgrtexed at ambient temperature for 15 hr. The resulting §olution 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



Synt hesis of pentaneric peptides fromNtermnus of HLYFLR (SEQ ID NO 1)
on beads (linear peptides): Starting fromswelling TentaGel S Am no resins

(600 nog, wapetidoy173 0. 29 mmol / g), the backbone sequenceppgscse@uwesssal | y
constructed by incorporating R -L, F, Y, L, and H according to standard

finoc peptide synthesis protocol 15 vig double coupling nmethod as descri bed
in Step 1. Incorporation of 10% net hi oni ne was perfornmed as described in
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removed fromthe resin, which was 30 washed with a solution of sodium
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twice with 20% WD 2011/ 008173PCT/ SG2010/ 000266 - 23 - piperidine in NVP
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pent aner iperfoaped atedescriiteddlinBitapgl, phier tadreidprgdieadvinto § dquab batchas fpt theg) .
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(3 mM x 4 h I (3 X 4), DCM (

washed vi gorously by N “4), nethano , 3 m x 4),
and t hen tofluerepeaticlacid qlaavage cockiailitl miSTE AMISwaier=84/3 (e ytv/defer £ horfibe si ngl e

bead jpi t % et hioni ne. 10l i nker, and M5/ experinen re

por f Ded TPt BBt sk b BSER oy 24 Rl M R RS B B e
a- cyano- 4x ky,dieabanol (Balk @),aCM (B @iCAK),(add When deth§tetet (B i) in
acetonitrile/water (70:30, v/v)) and then acetonitrile/water (2 ul, 70:30,

v/v, contai ni nynghessyefenfarpericpentides fram amidgpoint hHLYFER ESER D NO.
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1-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). The 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 ml) for 2 hr. Fmoc-
Pra-OtBu (3 equiv), copper iodide (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 washgd with a solution of sodium diethyldithiocarbamate trihydrate (EtzNCSSNa.3H20,
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%



Step 3. Denonstration of the benefits of a partially cleavable OBOC peptide
library for protein affinity screening. Next, it was denonstrated that,
when an GBOGoiidosesy was screened to determ ne peptide Ppcmdeneiotooo2ss gi ven
protein, beads that used the nethod described in this Exanple produced
statistically different hits from beadgzthat didn't use 20t he nethod
described in this Exanple. In order to maxim ze the effects of the

fractional:. Lk g ' g 0N beads.
The sequgé{géeﬁcﬂﬁfwggw%&%g aa a}ﬁn?@ﬁdgg%%\r@gﬁ%hﬁlg&n ﬁ‘%ﬁg‘ggﬁﬁ /ge from an
initial smeteminegwalpeafoardaeddscriipiphiSte 1.i 'Dllitﬁlreyl;lﬁggbéllﬁifs wagAdividedtinto 6
showed a few mcronolar 1CD of affinity in a Surface Plasnon_ Resonance
(SPR) st u‘?ﬂ"‘\ﬁ Wéﬁiles rfI‘If)r\KEe tH ?‘B%e%‘fonﬁ%‘r?ér"iféaéﬁif@m% pegtidesy fllodingtheegi on
in the | 'lei_ra%ca@(@ouw&hg}fﬁ%)e%a&étné&%@% thB QA dIRE WePiiehfovad b

C-term nus using 18 unnatural D) am no "aci'ds as nononers, excl udl%g

cyst eiSn amehrtmentwitniriflsordanetor oot ceavage odcktBP2mel, IFAAT Iséwaas=94(313 ,eved) by t he

met hod describ in Sten 1.and standard synthesis pr qQt ocol utilized
or 200 RECHT AR TRsPLS Vs irieH Gnac TR IABP R e RoTeSriEL enpl oy ed
to facil i&ig&@uﬂ?%r‘mwa nkdt), BefHaol (erxaﬂsiiljlcﬂ (EmERY) [ B QLA SRy BRr

u .

performed I'n a |y automatic fashion by follow ng the standard
sol i d- phadSenbnoc chenmistry. Wth the initial nmethionine introduced as a

CNBr cl eavabl i t he beads wer.e evenly .distributed to 18 reaction
vessel s (RV) MAJT%{%%{% Wén%lbntﬁ)aﬁf r?ﬁp&ﬁ?srfégﬁlc%s'ﬂ@%&’ga‘gWﬁ’r %‘f g’f“‘étlhé‘?%"t s. The
cycl eloof  gipkéer:, The/MS2AEIVIONES éRfihh <pe? W@ /HORAG usinBruke PN RIoBL 111

Frnoc- deprot ection, and m x was re(geat ed 6 tinmes and the protective groups

vere conplQETQF: daseehivislormpsll added weyane-ddwrdemycinmaic ass (GHEA) (%04, ver e

t her eby ayaj r ' ) 28 C ' | . [ .

i nterest, bgg/l?/?(ﬁ{ég%lfa@bagrgﬁoging%ﬂgﬁ%é@g3lé1 5&@%&?%&% @ﬁ%ﬂ%{‘?égl{) dg’eﬁ%odes on
beads was voheakaidingy0. Maltifluorbdcakic REM, (vi»)). CFhetsamphy wasdengifpgalfos 3 minhe
l'ibraries e. i ncubat ed agai nst 50 f bovi rboni ¢ anhydrase.
(b1 )~ 8P GLPCRE Bhand SleRoRg PRl MALREYLCHEE Haedctio, a
25 C1fsor 28 B3-miflt beads were sorted into a 96 well plate in an automatic
fashi on by COPAS Plus and the appended peptides were rel eased by treatnent
Wi t h CNBr Stept3. dPemenseradieh iof dredibnefitsifaDartiBlystdetvable @BOCyieptidekibpurzfori on.

fhe posit }{go’}%i«#}ﬁﬁ%fgc??egéﬁi REQI AR dbMohdiBted tht Wist LAbBJE Rblar ivhd €7 ence

screened to determine peptide binders to a given protein, beads that used the method
described in this Example produced statistically different hits from beads that didn't use

20  the method described in this Example. In order to maximize the effects of the fractional
linker system, a hexameric peptide was first appended on beads. The sequence
LFIRYWF was found as a first-generation anchor peptide from an initial screening of a
hexameric peptide library against bCAII, 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 mdnomers, 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 fmoc 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,



which inplies the significant interference can be attributed to the |inker
portion, thereby to perturb the screening results. Anot her conpari son
was perf owordivdosivat wo tetranmeric peptide libraries, inpemischom/ooi2weavabl e

| i nker was placed in the mddle of the anchor peptide LHRYW (SEQ I D NO.
157) (FIG 8). The libraries were synijpesized in a simlar way with 15% and
100% et hi oni ne incorporated between H and R, respectively. The libraries

: . ”. i
con; ugat e o SAbE Skarbbetof, dha REY WAL rERAERR AN MG LB bbor. o g
h. The segesnainngetelsunbsedey €F Aebdavhgocosktailn@hposb libeatiesl apetterby

hi st ogr ans %BQJ%%S{?FMI ch illustrate distinct_ outcones between the 20two

libraries®v hemigplsersening pgainstarpterefdatensst, bruineicAeRIChor ti on t 0

the screephinQrRE QL II)E"Iﬁl%rpiuH?}%@r?Pq%sadnl bsea%' &Eg"glﬁcgeﬂy Qﬁm”}ﬂﬁr i c peptide

libraries wth 15% and "100% net’hi ne as a cl eav nker appended to an
ancho pepOFJEOEHRIONFO §BesRing priveEss.7 The lihmarizd§ werenintudmied agamsto®)y iMrofed usi ng

t ' hesi AAP. Titan 357.. Start] TentaGel S Ami
boads. (1 BOGnENRhONE BacAteSPC R copaespih AExs ELRBGAd fororeseifest 1y
was utili aegctidh, S5 f#r RN S1iRBEIIS WwePEUHRA G0 IR W S19EGh laﬁ)a{}{@mr??i): ;

followed by incorporation of 4-am nobutyrate at N-termnus. To the
resul t i ngfashigady OB A8 Phisemid tlee appendadtpeptidesetiera selesed by breatnient Bithp 1 whi | e

t he regul oubhl e couplin 0 .applied for. 100% et hi.oni ne

seri esg T é\l r]1ﬂ b‘sei}glﬁg et elmegﬁdﬁf’ @%ﬁ@ﬁ%ﬁ%‘%}‘?w‘?ﬁﬁﬁfﬁ?ﬁ“ &0t | p_%‘gglé'l s (RV).
One ab t haepkidat hestdgsné OEIQ7allekiaesclehr dafférefeetfetWisenahe £/ Bbiatity €l enents
(3 equiv), excluding cystein and nethionine, TBTU (3 eﬂw v) and DI EA (7.5

equi v) wePBichdawles HesigaHiqayt interterarge gaisbe aibulesk to dhelinkes porsionyitherehy t er
dr ai ni ng . 010/ 000266 - 25 - the solution, the coupling
step was FO é%?%é{eggﬁé&ﬁgg%f’tﬁﬁg beads in each RV were washed by NWP (2 n

x 4). Again, 2086thérpempdiisvn was pdidBrrhed withxwd fetrmeerizd@ptidd libradeshirRvhichhi ch
SRR R R T ST R R R
Beadgs5i N BREIG. 8). The libraries were synthesized in a similar way with 15% and 100%
methionine incorporated between H and R, respectively. The libraries were incubated
against 10 nM of bovine carbonic anhydrase (bCAII), 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 anchor 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 fmoc
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 distribution 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



5 RV were thoroughly washed by NW (2 ml x 4) and DCM (2 ml x 4), which
were conbined into the CV. The overall split, coupling, deprotection, and

m X procegsesiveEesrepeated 6 tinmes until the beads appeggdgd2e6@@doéispnal
hexaners. The beads were transferred to a-50 m reactor, equipped with a

filter. The protective groups in the rgsidues were renoved by shaking in
TFA-water-TIS (27 m, 94:3:3, v/v) for 2 h. The liquid was 10 drai ned and

the resulting beads were thoroughl shed by . (27 m ), et hanol (27
o 3y oo e 405 g 1 B nkpe e B hesing eddiip pas Ry Mereiestilq

di et hyl etgyatMPZ il X) 4). ALHEE DD idi KRen2dhi 8 ressure
for 24 h. A Synt h)esi s of tﬁéﬁkgrrlgﬁf]g] pept |2321)Ie?}b$g€?gseaﬁth (%{5\(‘?/’0 and 100%
met hi oni riehigls was voréexed 591l 5| think SFhedigwahwesidrame andhe dresh-salntdorofX0%n anchor

i de LHRYWE (. | . 7). The. hesi : i
PP ot | DB eaTNMP U b e B VRN FordRPn B0 i et e Sheh
beads 5( 1.1V veeahbroughydi s3iedby NINZP (Dm24 4) ad DB (2 &l angawHlich MRge chemi stry

was utilized to construct the anchor selﬂuence RYWF (SEQ I D NO. 6), followed
by i ncor s8RRinedAntetheCih dhepyeratspht, spnmingadenselsetiqnyaryl mix BOEESsas Were100%

met hi oni th i Q%g coupled to
the 20 rggfﬁa%/eidng ésg%gh ?{cfo%gpgllpg)gﬁgﬁdﬁfg%} %n@ﬂx C \/E\:/resjr'_ieﬁ{%%g %ds\éi@ért% ributed
equal | y itransfeir8d Reafd mbneades seuippe®With adileero fThe peotddive gr@pis éitlthe residues
floc-protected d- s div

i .acid i I t 3 i N | udi
It TR WA SR G  ENE A
each1gV. gifigefDhdMRS rdsifiAg bREIS¥GE tﬁd?&ug?l@gf Wathed By IBEMARRIAY :ﬂfﬁ) ffdfhai@l ution,

the coupling step was repeated. The resulting béads in each RV were washed
by NVP ( 22%himl x,3)28atd) (27 Aglax B), n0npil (@& maldi e DIAM KBPm{ 2 3)d and didthylethemdded t o

each RV, i was vortex for. 15 he.liquid drai ned and a fresh
sol ution (g?"gg%l%’lei?é‘ﬁr%iaﬁgﬂfeﬁ ‘{(ﬁ@éuflggprﬁ:‘&-%eﬂf’r‘%é e(,g?v]\r%(]hw th vortexing for
anot her 30 m synBeaRfitétremelic PYptBé Bbidiits e 1 5% ¥ard Fo0 8 mdRnire 482 X 4)
and DCM (2 m x 4), which were conbined into the CV. The overall split,

coupl i ng clesxpblgilinker appended inbetwrendd apd R ofaanchor peptida LHRYEWE (REQ t he
30 beads nele Lbi rs: T . . a
20 T3S 18RO e A s LAY Sing S GRAE SRR PTEC 0

resi dues 34@r Starempirent Tentaleh Ki Aginorbedds’(1viag eachloading 6f WH2: 9243nihol/g),v) for
2 h. The |iquid was, drained an,g the resulting beads were thorou}ghlﬁ washed
by DCM (fﬁanﬁﬁrd%n@f chegaisty s uibzedyio conssuct fheranehqr sequancg RYNH (SEQ I

2011/ 008 NS RGT{oHERAd gé'gr%& atior’$¥ €ithdy) 1590 RiAA0he &33%%1;1})%(1 di:ﬁﬁsrtle A (27 m x

3), and di et hyl et her , successively, and then r reduced
pr essur e 1008% 1Rdthipnine by the k¢gutadpulgle ceeplinggnethold. bl add $owererrgupléd txthe Fl uor (r)

647 tein,l | i kit 0173,,.lnvit ) h ) ti d
Por PAberrmrmiEolbl shbdtehiybirh s ERreR ol RlathEs 1§ REGoln or o
prot ocol .vdsselO(R€f. Ohe dfthel 8 Bllect@d Fndd-pRtecRPAIl lanfifd AdidLaL diPérSiBAEIB Rty

di ssol vin in 1l nil of 0.1 Msodiumbicarbonate solution (pH - 8.3),

s tr andf eaviEh ckeludngioastomnand sunhiamAF A THES ool avkDBYb (7. THeiiv] whrevas
copped LA BRI LY a8 S0 M T SO e
The Al exaobplugy step whsirépéak| Fik deSiMlihg HhendA\id ea®RRN were washed by NMP (2 nil x -
25 ' 4), Again, 20% piperidine in NMP (2 ml x 4) was added to each RV, which was vortexed
for 15 min. The liquid was drained and a fresh solution of 20% piperidine in NMP (2 ml x
4) was added with vortexing for another 30 min. Beads in each RV were thoroughly
washed by NMP (2 ml x 4) and DCM (2 ml x 4), which were combined into the CV. The
overall split, coupling, deprotection, and mix processes were repeated 4 times until the
30 beads appended additional 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 resulting
beads were thoroughly washed by DCM (27 ml x 3), methanol (27 ml x 3), water (27 ml x



10 was purified fromthe m xture by size exclusion purification resin in
the kit. The purified bCAII-A647 was characterized by NanoDrop (Therno

Sci enti fivgp 200hogeh document ati on (Typhoon) after SDS- PRGEsGE0@00eef dried
library resin was transferred into an 8 m Alltech vessel and pre-

i ncubated in blocking solution, 0.05%#HaN3, 0.1% Tween 20 and 0.1% BSA in
PBS buffer (pH 7.4) for 1 hr on 360-degree shaker at anbient tenperature.

15 The buf{ er [ S ined.and then 5. of.,1Q,or 50.nM bCAl | - A647
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focusgd hysly Trdn tHeYmRturd by 828 eRélusidPPurdtidaBich sdsifimn thd R, TheBudfied | | ght
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det ect ed WyAHeW0AT) werechatcteniged by NagaBropr hermeeSaientified and ge) dotwoestiamce of
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col | ect edAlltech hesséliandtprs dfidubagd ifrblocking sslaaomd.G3% NaBh) 0.1 YioT wédne2(sidt ed
beads fromfirst steg wer e thoroughly washed wi th dei oni zed water and

t r ansf er re&4”4BSA inpBe baffsr (O -2bfe1/1 d g 28Pdrarseshaksr alpmmtgent temperatugd. COPAS
Pl us @and i ne f 1 Oy I 46 sanpl e
cup V\I/gr e %ggsﬁsﬂe tS %gﬁ%#g?ﬂ{eﬁﬁe g\l/lvg?&eeﬁlrg ‘3‘? S’fai’%r?feo n(%?ﬂbggh%%}%ggtd?}l geggr.l Egg h hit
bead was locleng sotutsmr wadadded @ the swallahdesinh dihe desnitinlg mifxtuare 94s iricubatedvdr|

plate. 5 MPLE 2 Thi s exanpl e denonstrates .a sScreening. assay usi|

bi opol y . P“b%:?r‘%ﬁgfee rmatm&ﬁ?‘“’% Sgé‘fﬁfl h‘g‘e liapidayas a‘_ﬂgq ?‘?i‘?éﬁ”fi’éf’&%ﬁ& e
prepar ed BbundPritbigs RN IMIaNDbY Q&glslﬂﬁ%h(iﬂnésqmm%l@n kG 7 tinfesR@Rf | de on
beads. An anchor sequence for a target bionmarker bCAI'l was obtained by

st epwi se GtYckbweandd 10PBS) sequirtiadlye rA fter stringantywashing, IRBmE®f thegssasiednsi ve in

h - | . ' i €. i f al L-am ids,
excent oyt Fesndd Raffe Rl TS smpif yosf BTG Bf LRt B g

am no acidimt&ewil 2e0indasod %PaBed PEinTESSIbaferf r om screeni ng the forner
library. In Example 2, Dstereoisoners are referred to by the | ower-case of

the standard, HitRgads wese sertedptor200iw pplypropylege tahestrip moyped pRavo titer=
D- trypt opanprateby ¢OPAR! prhd) Gl 28 sURHRESON WEBL opfiZd 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). Dpe 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



15 hours with 10 nM of bCAII-Al exaFl uor 647 conjugate in a buffer solution
in the presence of bovine serumal bumn (BSA) as a bl ocking agent to

suppress WwenoFiRRgi7BI ¢ bi ndings. Sorting was autonmati cal pyrReri®ii®ds USi N
COPAS Pl us (Uni.on Bionetrica), prior to MALDI - M5/ M5 sequenci ng of. t he

cl eaved peptides fromsingle beads usisg_optimzed CNBr cl eavage
conditions. 20Wth an anchor peptide hexaner-1 (1hrywf) (SEQ ID NO 7) in
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was carried out using nore optimzed assay conditions as well "as nore

accur at e GNBr rlegvagagonditiomsci ng skills. Another anchor peptide hexaner-?2
(i fvykr) (SEQ NO. was,. oht ai ned d e 1 PR,and dot blot to
show“even bet t‘é’ﬁqhﬂfl &B@ﬁﬁ%‘%ﬂ’%&?&%?ﬁ?‘ﬁé@%ﬂﬁéb PP?“‘%P&’FY‘G ng from
hexamer - Z;ariabletrbgion @lad b@atractel b ra@ﬁéhdY@&eﬁ&ﬂéﬁp’dPﬁﬂ&dstirﬂnglfrshmlta{niﬁ\@sy
| ocating partial portiaon of mnethionine between and v. Based upon the

scr eeni ngVith @gprporation pf methieping iebriyeen/ anb i spibpt the clepyedrspmpoypdsgautdy as a
hi st ogr am - ' t : : 0 give
20" cand; it R e perkide e B td Mkalulfiel ORGP ROHIBE BRSNS 0 0 10
was per f owassshlpyS pl 2Cpargentte p2éeROadvarsd inthieacpefihe dieavabiebiikes inyhet i ti ve
envi rgnnment s. t owar ds Db . Finally the three decaneric, peptides, were
sel edbed BIRGINE BESHS: ng%fateaﬁ@uﬁ ¥ blpcfed %@cefﬁ SFOURBEFJUE AP SPSAHIG e al |
the thr eeo'ﬂﬁﬁgm HeCdRERE- NE S RARAAR) EIEL irh NERTH) as §BIBABE Bffedtly Midrgthd ¥
conpar ed tlo their precur sor%hexarrer-QS% show r)lg tshe devel gp@dﬂspét supto
20 ng of mgptdianethebmitinl screcninglée avitioud gérreyationidimyfeedsed BBQry. BOW.  10)
appear ed st P ARG (sEG NG ) Snd GRLamE X B8HIw (SEQ ID NO. 8) were

reconstructed staring from Rink amide resin with N-terminus blocked by acetyl group. For

30  dot blot experiments the peptides were conjugated with biotin at C-terminus via using
PEG2 (Merck, 20 atoms) as a tether (FIG. 9). While both peptides turned out interacting
with bCALII, 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



El ongation at C-term nus of the anchor peptide. Elongation at C-term nus
started with incorporation of 100 % net hi oni ne, whi ch made synthesis and M

oper at i ongoeefi@kr73! nstead of partial coupling of methi egirRe26@/0b6%86
TentaCGel S amino resin, excess anmount of Fnoc-nethionine was used to fully

coupl e the cleavable linker. Then the 39 synthesis continued with
constructing variable tetraneric region, enploying 18 d-am no acids

excl udi ng and cystein f ol lovved i ne nt hesj s of the anchor
ot 1 Faepo B P it EoSyligt e honpettils L BER PPN group as
descri bedsypben ehat BRSRLARerBNY BBEALER0R PoBRS Yowk il BEAITD fsﬂawt@ M&RpbEGn due
to using 100% cl eavable WO 2011/ 008173PCT/ SG010/ 000 - linker, de

novo sequésrtiahtpdgetianef d@P@Qmé &C@éb aloeg the limeptitdestingly, ever thovpghtheengi n g

especi al |y, for m no N-t erm nus ced

Sonert nvi Herafier-d s AR BoGE (Ralt Blamiah B SRRt 1 th A HESeas

opti ned |cﬁ&§ffnbr Nl to@pd bdtesimfl@ﬂly paehtdoRads botsolviréint Bvifhal Rirkéls. $REKdENCi Ng
seens up to 10 am no acids. The overall flow 5 proceeded in a simlar

fashi on tiEsylisdndigate ghas s eprspachiclearty ayarked o enhance theppternyand spewficigef of a

f ocused | 0tk At R0, 6 MBS ol Gindd) IR R b B, IEGAIEH ©

peptides we reconstruct Iotrn erm nus

val i dat i oof ﬂaytlaﬂﬁl’(cohidi)ﬁtldlﬂleﬂpddlrbmimﬁb@mﬂdrﬁkﬁﬁﬁtio}ﬁ df Iﬂwdeaiaﬂleafnkbnhttb{e conpar ed
to the precursor hexaner-2 (ifvy kr)éi( i s. not eworthy that
their af fIFRRINSPTOLESR AP Sttt disikioneatsd @n@h&@rqyﬁd&r 'em@g&l%alt eptaaned by om
N-t ergp nugibkle dre@lify the devel oped spots clearly up to 20 ng. Anong the 3
el ongated hits, the decaner-4 (ifvykr-wyp) (SEQ ID NO 11) appeared npst
prom nent for Elsmghmn ahNdstmgmlsloﬁthe Qohior pepidn @fnewrsereenmggamlaaigpeptl des.

It was obyvi ous that the affi ni. one eve reater conbi ning the

o o ongUPRH LT ASinE Bk Bt S CREAGRS Pevel RO GPTHE SOTEL ho

m ddl e. Tzhﬂs@ 'c @kﬂgt mqfeaaﬁd}mws;t{d@%ﬁmh&w{ifvymxlhd@@d W 12)

was el abor at e pi cal 8 i de synthesis, starting from apgendl ng biotin
h{

noi et y atobdained mdrm@mmqsll b alm;/dcptlbémutﬂ shovEegenrhsiter propertthepaexamery| G
12 | L
the ditenob WAl AL SERIMEEGn Hes S bR S hdaRl 1S s ROt i3B 5 o o)

of a si mdimilat \@ﬁlgld@atﬁr@'ipuil@al pSrt;onFEﬁTd(&hlonﬂle bBtweeii @Bhamc Bated ddon therzel , L.

M; Stivers, YlCh@em Bi ol .. 2009, 5, 407-413].. The concentratl on of
each peptslcb‘?n}“igdﬁﬂ’(!lt %ﬁ%ﬂ SORREELERTKR @e@n{erlmhbm appeqyineas ddustogrgmeig a

observe hghe,@kéd i nsrg%y am&gﬁ&t&yaﬂwcfeeg nggll o3 8 QfBites O &g&ed the

affinity of ‘the tetradecamer-N2C was not I mprove omthe two
pr ecur sordecamienahpganddlPFlghd 0y eAa;nmk-séﬁpmangmgtfomed\m'splagag thef20r nore

ote than.the inj.tial .anchor .hexaner-2 25 The
P’ 9t + aBdieae msBlifesind s obmsH b ErpropmienB et BGMIE ToRbrEmes. bi nds ng
to bCAI | . deth@gfc pgsiides Vet el @nd FetbnithRtANHAWstéhidot BRMePekivfentshe

bi ndi ng aff|n|ty towards the target marker, even though the peptides still

contain s\é@ﬂéﬁ & heaglenwaeriq peptideshaghuie significantly Whahcqm affaityeqoniparesome
??)g/: ?eén er?e)elilleo @f@é&% IF%Q‘%B%] 29fsﬂ dl} g%%l d(ievgl%ge&) Xpo%’\g}b to &E ({ep8s1pe?lpt | de
bCALII, the decamer-3 (ryrr-ifvykr) (SEQ ID NO. 10) appeared most prominent for further
25 investigation.
Elongation at C-terminus of the 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 synthesis 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



301D NO. 5, respectively) is not enough to exhibit spots wthin the given
concentration range. Another possibility is that the secondary conformation
of the siwocongwswBi ve gl ycines is significantly differectsceomonéras of the
anchor motif (ifvykr) (SEQ ID NO. 9) t-o prevent the WO

2011/ 008173PCT/ SG2010/ 000266 - 30 - tejganeric peptide region from
accessing the binding site. It mght be interesting to replace the six

gl yci nes ' i . ri. thi esi s.

2 dmgatt oMet 8 08 ScRihEb Pl UGt o Bd ReotiaRPREL bl llURBA 2

synchr onoaspegialtyofor etlanginb heidsl e Nofefitus ] dudio tHeaebul ongatagitbagEfe can be

then 5 conpi.ned to el aborate a multi-Iligand-type capture agent that nay be
pot ent arfgpagﬁ%lailarge 1osrsddreementse it %?@@eéﬂn%qr’@wibe;ngmfmep&éqs.for rapid and

Val i dat i ' ' [ | ei r binding
affini tyqjtagﬁrd gggﬁo&%dggﬁgggﬁh%&g&&gﬁ? atlﬁ%ﬁag%gﬁee%ﬁgﬂ{ %‘?‘get mar ker
was i molprbeeeded mrt om@hbfasisns tr thatofieléngation esioerenumi.&. t(vBuhorekscre@iifigi N a
Bi acore T100. sys Eac 0 pepti ol utjion_of series of concentrations
GRS L R P M A R Y
as the digsssiradtb®WitABidta] HbBIARE eGmitustib LAl MBASn BY dSH I B eRigitochl ori de.
As depicted in FIG 14, the maxi numresponses (Rmax) by the peptide |igands
i ncr easedsigmiieantly épsagased Aty comparsdite He rirecunsos hegamer-2 Gy ykd(SEQIID MOd t hen
to the tegradecaner (8 .40.4.140). at the hi ghest ncentration 0 JAM. It
i s not ew?r)t ?\tyls { ﬂ{ag;‘avoitéytﬂ}?gﬂ%ebrnaﬁﬁﬁlgﬁs ?Hpﬁﬁrr?g < “HaWB{%QS(#TVe SESW%‘F%‘# esponse
but aloso fadh &N-tfimidue &y displag thtedeveloPed shobsdegiyaly ©R0apd Ass@eadt i on. These
results clearly support that our e %]rllxc);ation approach 1s highly efficient to
enhance tghengafed;hitss tge decamen< Givkowryp) 8RADMNP k) appeared mpgypsorgmgnt

experi meng s A IpLE; .ned using four other peptides (FIG 15). The first
two pept iqggs t%{;;(&g%%gg:&ﬁ & and PEX, respectively, instead of the notif
sequence 20 (iComkinatiohleDthdelbhatéd peptidesedt was otviousabq ensaffiaitasvoulde t wo
decaners .in FIG 14 with RU of 30 to 40. In dot blot experinpents they did
not show RGP FYTBTEateR by FRERIing fhs e glengated PHE’EB? Lggndswidh theahRbar ¢ oo
weaklyy bifghifngratRdgh Y A . NER Ityﬁel)fv-' i @i ted

| i gand-1i ke betk?avi or)gﬂ.ac E@B‘eér iﬁnigﬁg)gfbﬂ%gif&iﬁagﬁ%é(}}energl ) N-%t h??ﬁ@yr% i done
(NVP), dilexNQI E)weas datdraied by typocab pépiide spDingis, wertingpiioro kppeding wntinver ck.
Frnoc- pr ot ect ed ] N0. aci Froc- AA' s - (1H

Benzot ri ﬂ%lleg'-af- y -T}li’,fgﬁ%‘g’?‘gﬁ BQQWEWO%PWH 354 PAFTEIS0 8T ¥or8TY) and
N, Ndi i sopgepfifidsavdiy kROIsHthésDldaAd &&ﬁfﬁrﬂ&ﬁﬁ asphdtidg B8 afdhoBhAIFHMn(iPRiRNghai )
Ltd. Tri ﬁegorosacet e ‘aslic)l?d (TFA ' and trii sgpr.opl)l/lg'rsi | ane 0( TI Sl werlseS ur chased
from Al drgoasecutave glycines, and 1i) PEG4 (19 atoms) of a similar length [Chung, S.; Parker, J. B.;

20  Bianchet, M.; Amzel, L. M.; Stivers, J. T. Nat. Chem. Biol. 2009, 5, 407-413]. The

concentration of each peptide ligand was reduced from 0.5 pM to 0.1 pM, expecting to
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 -



30 series of Fnoc-protected PEG COOH and Biotin-NHS were purchased from
Mer ck. acyano- 4- hydroxyci nnam ¢ acid (CHCA) was purchased from Bruker.

MALDI - MS w30 Moz wer e obt ai ned with Bruker ultrafl eXt pedEN10/000266

MALDI - TOF/ TOF. The m crowave- WO 2011/008173PCT/ S&010/ 000266 -31 -
assisted CNBr cl eavage reacti on was pgg@}gr med by a househol d m crowave oven
(Model : R-248J, 800 W 2450 MHz) from Sharp Inc. Synt hesi s of peptide
l'i braries (both full. and rtial nmethjonine as a cl.eavable |li.nker). The
Synt hes; sebrpippiide RGeS Ehinatietadhs Brioe 3By "1 SiER Snbretiaty tepiste

synt hesi zge s&ls%ﬁan&%tﬂ AR B&ible IRREAEBLD B RIPPOR tth@ﬁfﬁotﬁésisf? g, 90 pm
capacity = 0. mmol /g; 2.86 x 106 beads/g) were swelled in NW (27 m) for
2 hr in the CoEloagatiops atkach ¢¢rmimmg)and Eoy branchedyminttdan be perfommidd met hi oni ne as

a linker, FEnpc-nethjonine (2.5 uiv,..0.2 Msolution in N added to
The O, A MEPPORL NG shEasfibtehy ey BT Bo Mt Y seefion) Son fRes e (5
equi v,5 0. ombised tdtdldordtea MR-ligadd-Bipe damurel 4aent tha 58} beptent bd §p&ifiesul ting
m xture was vortexed for 30 mm_ The solution was drained and the resulting
beads wer@oughtoigglacy aparthody FIGINA)-(27 M x 3). For incorporation of

partial (20 p anrgpl t:hi.Qni 1 [ net hi oni ne
(0.4 equiv) vvae{sla%?%h% u%g%ié?g \?ﬁ%‘@é%a%‘gg‘eggﬁ%b‘#‘h?&nF"Nﬁ)f;‘(r%a‘ﬁg) for 10
mm  pri oraffigitacovard OBC AT using SPReid evhlidatsistopl. . Bhethrgefiatier Yastmmbbilized
vortexing, DILEA (2.0 equiv, 0.5 Msolution in NVP) was_added to 15 the
suspensi oft0 F pensen FBImEP daespanse Ui RY ek K004 p fiacese THY0 systedy Eaehyashi ng
Wit h . - : LReLidine | ( added
and tlwgpé/e%\g\l/gggc\)}gtrl ?oﬁegfed tg? Ogéd?nlgnéﬂt%ﬁlgﬁf' f”g%?i e%@ﬁ%fhﬁgsgr%%edyiitﬁéec 3%3 wer e
treat ed bgbservesihe pspansens wEll ps therdidociatiompdierh h2diatetl by2feathens bf glytine- 15

mn). The resulti beads r h hly. washed b 7 and DCM
150 i T idRodhin b A8 BpRus G Sh ity FRorste BYa b (Bt pebtidks oa s
(RV). Oneghds h@rqla&dﬁmam@%ﬂﬁ&éifagw@ 51t the BRI IS0 (He @&tdinérs MYGThetoNBe
cyst ei ne and net hi oni ne, 2 Msolution in NWP), as well as TBTU (2 equiv,

0.2 M sol tetradncamer (8vP)40 énEQ))IaEAe(h'fgfmﬂﬂoncermaﬁomls@uM)i dhisinnteMivithy thads

dd h RV. .Th / t.h d for 3 - Af L ining th
2ol uton, B fambues P LRt oty Sy Bandtsponsichy dsgmporrgni iyt ke Rv
wer e was higthsfuéi ik ahd dﬁscmiaﬁbn?)r-he;ﬁ}@s@é_cn@ﬂz\éa%%&g thE®G efWndio@sproRhf or med

using two fresh portions of piperidine in m each, 20 % v/v) for
5 mm and isbighlnetficienptocenhorgeythe affingty tewiards aBiven drgetararkerai ned t he beads in
each RV were t I 4 . A1l mo x
3), which wer e]blt%heg%ﬁggx %%ﬁ%%?f‘g%.e H e ol\llsqerggaﬁ)lupétylal?rl ?q}épugg%pmg) The

depr ot ect fisttweapgtidesthpr @hess 66 ane PEG4e pspétidelyninstead bethe@adti saqurateled t he

i nt ended Iﬁngsg of @iﬁtides. If 30 necessary, acetgfl: group _was_introduced
at N-4%r nfiyyEDRYERIPN Qe tened o1 apzesnansiye 35 the Brq decapsidpifde. 14%81thiRUg 3 M

sol uti on 4mgNYRD, ik abiotixpeamEsts e f&iEﬁm@éwrgh%@c%%t Mﬁﬁmmﬁs boANVP) for

15 m n. The conbi ned beads were contained In a reac , equi pped with
a filter.Thitetramem-skethed oo preakkydiindieg tr giup enliydowiresponses; althesgintheg stiknoved
by shaki neq(hib\{\gd%l%%%é-ﬁegggh%egé.862010/ 000266 - 32 -
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-



in TFA-water-TIS (27 m, 95:2.5:2.5, v/v/v) for 2 h. The solvent was

drai ned and the resulting beads were thoroughly washed by DCM (27 m x 3),
met hanol wa4%oiioo¥173), water (27 m x 3), nmethanol (27 mpox/séhe10fdeddeé 27 M X
3), and diethylether (27 m), successively, and then dried under reduced
pressure for 24 h. 5Synthesis of peptige |igands. The wells in RV of the
automatic synthesizer Titan 357 (AAPPTEC) were used as the reactors. Rink

am de resi ns t he | gadi ng of .am 0.31 mmol / swel I ed
T (s N e rracki Vet ogruby S hash e vareodin PGS

Froc gr oup.ohyg tgowabNﬂ{gﬁﬁ&h%Mee in NMP (1.5 m x 2, 20 %v/v) for 5
mn and 15 mn, respectively, the required Fnoc-am no aci ds (2.5 equiv, 10
0.2 M sol ut i orSynthesis)f pepridelibpariesshoth /fulargl parsial piethinnine asiRjcavahlé DI EA
(5 equiv sol u adde su esswe %nd%tt he resulting

beads werlglqﬁ?&’t %?esgn#}‘SFlsggp?ﬁh%P)l‘Pﬁaé{ea&ﬁP 8% %’i“i‘e yc‘gﬁﬁﬁ % was

repeatsed slyﬁﬂlegzérhﬁtamqw(mwm FehtaGePS htit beads .S58 it édpaéltya— beads
appended the aimed sequence. In'the case of synt hesi s of biotin-label ed

pept i des,0.Fimmendligs 28609 LOKesdsée) voup beeladrin NMP I(8/7 mf)ofot dheith thy Godlegtival of 15

M ive t . t h.sol ut DCM m h,
U 5%2“5/\?%@%‘@365 b PpbimBritR of 54 Aol asaikse Epeermatidalia @iy beads
were thorgushby M%%hﬁl@n% NMIE)%s(ahdédfsth& c&b a8 REINMYRBIU &.5kquidrol2 Mhen DI EA

solution in NI\/P% m . Biotin- NHS(lSewv) and DI EA (5 equi V)
wer e tredobfiopan &DM (é qusv,rﬂ 3 MxmlhtlmbmtI‘éMP fiep drairgngthe sotvegat.

Fesul'®] nopaad BBl e RE 2 i) T W‘é&% Sy gl e rfie
pi peri di rlfeadmwéilb%c(xﬁugﬂly washed U}GNI\/H’d(dednlam thelIRVrpmwnwftpeNﬁﬁ(ZOQierS m n.

The liquid s drained and. a fresh sqlution of 20 % piperidine in NVP (3
m, vi/v) Sgasfo aamlameﬁwlwwwb riacagethipning{ Qi feuiv)3vasipre-inpHated

resul ti ngml%}?@ﬁ%u\/@fzee RHQIP Y20 %91@}&1 \'@oﬁi’o ditfor 9 (HE ﬁvéﬁﬂb%édsm X

4) . The necessary acids or P gr oup sequentially 1 ntroduced
as descr |(lb§og)awdi‘ﬁe 5u731|nmg~ vibBexing,- Mﬂ/’u(’m e d- i)M:mﬂuﬂcadna‘iMﬂa)was adied to

excl udin st ei ne |on| and Fnoc- | f necgessat acetyl
o oup Swadn? HRPEUITe o i s e VB YorEREeRc0 R Trer s HGDI08 PHbacot |
anhydri denjdp (m71m19(§ Me%@'ﬂﬂﬁdrﬁﬂlehﬂm 27 RLI2086PV /R 4as gddel amﬁﬁwwﬁs, 0.5

M solution in NW) for 15 m n. The beads were transferred to an

react or ewgicperbior wimin. he liquié was dradngdrandiibg leepds wesoireated b)ofr@ﬁéaa@mrm efci d
(TFA) / wat g %% Td[r?é e (2%{135 %% (z)é/m& s Al ”fﬁ eg&wg&e&&m& ‘ﬁ{or&{%ﬁ\ eyaThe

cl eavage i on "was ‘co conce tra niIrtrogen s m The

final purwishedby DIMMET @bk 3) adi DGM (D7 mibx BY féllgwediar @‘sm%emhlPéLﬁianp ifpp oduce
t he deS| red pegtl de WO 2011/ 008173PCT/ SG2010/ 000266 - 33 - wt
car bd¥an FeRepetion Vassels- (RdpnPrgief the  fiaguno and drversity elasents (2 5q01% 9@9@% in

a white Sé[%ﬂefﬁe and meth1§ﬁﬂh‘é%82 Ms&ﬂ@oéﬁrﬂlw, Aa‘%fwéll'égrﬁ'tl?&eflﬁﬁ @£hpeni ng, the

bCAIl protein was first el ed using t exa Fl uor 7" protein |abeling
kit (A20IspBitiohny NMB)gemj DHEA €5 dquig, Q.5 M salhgorsimgMiPerwas guided tceach RM.rst, a 2

ng/ nL saolutign of bCAI] i,ss.ol yed odlu bi car.bonat e (pHThen
R e = c G O E R R
dye. The répakedarheGasub@th 5¥ads {48k R&dwarefﬁﬂyhéd pENMP (f.8kd1% Hi ghel ve the
dye. The reaction m xture was stirred for 1 h at roomtenperature under

dar k 28ondempudf Fripe mwuannfsmsdvsmabw &gsthintipnseipiperding iadN¥PdinSt he
m xture uy gyt 1 XC|UI an urificatio t he | abel Kit.
Purified @n %)eo( eg@kéil MRS arpglcfegpl g‘é'afybo\%\/%e Ssolhgs}foec ?So(gclg‘f%/ﬂ%nd

SDS- PAGE. beldy mtdaeh RV were thdreﬁ)gmg wabhddi éﬁﬁa;IyWMBS(u 13 s 3} ARIMDECM (163imi Rt 0 an 8
m. Alltech vessel and preincubated in a bl ocking solution, 0.05 % NaN3, 0.1
% Tween 20, Whigh were then B@Abl"ﬁd RS Vi (Flrecqverablisphit, gpupling; deprefeefions anbmix haker

at 25 C p-m@es%utﬁé re%%t@ttl Lf tﬂ@ﬁeﬁrs %bfk%ie@ theiftfeHddd leﬁé}ﬂ otf Bgﬁhdlésnif of 10 nM
30  necessary, acetyl group was introduced at N-terminus by treatment of the beads with acetic
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 m! reactor, equipped

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



15 dye-1| abel ed bCAIl diluted in blocking solution was added to the swol | en
resin. The resulting m xture was incubated for 15-18 h on a 360 shaker at

25 C. Theybiraii@sivas drai ned by vacuum and nonspeci fi callnsceundoRE ot ei ns
were elimnated by washing three tines with bl ocking solution and three

times with 0.1 % Tween 20 in PBS buffeg,sequentially. Last, the resin was
washed six times with PBS buffer. After stringent 20 vvashi ng, 200 ng of the

d | t t I . AS Pl
Con o 5 el R AP 9 53, VR B 2p THE R G upRl i 1 s,
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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
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are nmeanti;h& Wigh SRERRE 351%tieNshd e & w8t 8319 Tween 20 in PBS buffer
sequentially. Last, the resin was washed six times with PBS buffer. After stringent

20  washing, 200 mg of the assayed library resin was transferred into a sample vessel of
COPAS Plus (Union Biometrica) [Fields, G. B.; Noble, R. L. Int. J. Pept. Protein Res.
1990, 35, 161-214] and diluted with 200 mL of PBS buffer (pH 7.4). Two-step sorting
was applied. In the second sorting, positive beads were directly sorted into a 96 titer well
plate with cone-shaped wells. CNBr cleavage and MALDI-MS and MS/MS follow.

25 Cleavage of peptides from the sorted single beads by CNBr. A single bead was
transferred to a micro-sized vial containing 10 pL deionized water. The reaction vessel .
was purged by argon for 15 min and then CNBr (10 L, 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 centrifugal

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
acetonitrile/water (70:30)) and then acetonitrile/water (7 uL, 70:30 containing 0.1 % TFA
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which were serially diluted by a factor of 2 to produce a concentration series down to 2

nM. For a given affinity measurement, these series of peptide solutions successively were

injected into flow cell 2 (or 4) for 3 min of contact time, 5 min of dissociation time, and 3.5

min of stabilization time using a flow rate of 100 uL/min at 25 °C. Flow cell 2 (or 4) was
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 ug 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
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thereto the invention may be practiced otherwise than as spec1ﬁca11y described and
clalmed The present invention is dlrected to each individual 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

”

ong.



15What is claimed is: WD 2011/008173PCT/ S&010/ 000266 - 38 - CLAIMS 1. A
conposi tion, conprising: a mxture of a first biopolyner and a
second biwpabymesi73wher ei n t he second bi opol yner is i dercrsalotomoddee first
bi opol yner except at one or nore | ocations where the 5second bi opol yner
contains a cleavable linker. 2. The cgosition of claim1, wherein the
first biopolynmer and the second biopol yner each conprise am no acid
sequences @ B b r
and the seconcfhbl opo y%gfr?éljéaécsﬁﬁggBer%lnaihqfﬁé%ew}i%ﬁﬁérp%xdnﬁ tl;é élgﬁns él’%ﬁ&lw
conposi t ivmdesfood t@inear ;‘eitleeoeboth’t bftht elegientsi sopohjvired, ﬁﬂoblén’ﬁalts rond

bi opol yner each orrprl se saccharides. 5. The conposition of claim1,
wher ei n tRAIUEFREhyPregent Flhgoé?g/?@e andiliggangiively present in othgseasesnp@dfipieon of

claim1l, yheLR 1%téd1@1tﬁ *‘&ﬁi/orb'sﬁ&ﬁhxe%ns@md H@egﬁg gf%hmﬁe'r‘yd?iﬁ ofe”

attached to a surface. . The conposition o ein the surface
is thé emfeluemiemsus ﬁcacmumhech Q@thet elements ny Mndwmmlesanmttmf thah ghem 1,

wherein t r t e} fl. bi opol yngr to the secgond 25b|opolymer i's
greater (SEELs spec Rallsriigh %fflﬁﬁf)*zsfs "endler ol r}fther FRFRG P KRB ng a
plural it ¥h&e efechtspstiGcasy ldmeﬂieeil ”FH%@QJ@ arﬂdﬁtlﬁﬁﬁmg%xﬁhbl%cﬁ'?é#er%@ce% s@par at e

particle.
and/or B”, when used in conjunction with open-ended language such as “comprising” can

refer, in one embodiment, to A only (optionally including elements other than B); in
10 another embodiment, to B only (optionally including elements other than A); in yet another
embodiment, to both A and B (optionally including other elements); etc.
As used herein in the specification and in the claims, “or” should be understood to
have the sanie meaning as “and/or” as defined above. For example, when separating items

“ ”

in a list, or “and/or” shall be interpreted as being inclpsive, i.e., the inclusion of at

15  least one, but also including more than one, of a 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 identified. 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



3010. The conposition of claim2, wherein the first biopolyner conprises an
anchor am no acid sequence and an N-term nus am no aci d sequence extension.
WO 2011/ O98LéBR0G3175G2010/ 000266 - 39 - 11. The conposi Prescabiombeicm 2,
wherein the first biopolynmer cenprises an anchor am no aci d sequence and a
C-term nus am no acid sequence extensipn. 12. The conposition of claiml1,
wherein the second biopolyner is at | east one subunit 5Ionger t han the

first bi 03|t|on

bi opol y mretashiESner iy B, 15 a6 ARG AgBR, tofs Ralh e, Pl imefUigoR

bi opol ynehan drfé, B4with @0 pResit Kzlrﬂrbpbfbnﬂl)alhmualngVBI@ﬁ@its”\oth&ethéﬁAWﬁ y@t opol ymer
has the same nunber of amno acids as the first blqgolyner

met hod, @aﬁt&ﬂ@nb@ilmsmow Hdeast opoPtianally sieludingimpse anmwmandenhemg the
|
Qont ai i pEfyriofBAERhe o SineP G Offforkily AfEg Aok BB  cier ¢ o

only & porti orit sifoutd%ﬂsd:)be)mmlepsmdsthg; mssmhearrllyendimté(aaﬁtheoﬂﬁmrﬁ iA afiy eavabl e

| i nker derived fromthe, c eav bIe | i nker precursor. 16. The met hod of
claim 15 m‘%xh‘égéalaﬁmﬁﬂ erEiny %%B flude more.than, pae.sieR Bt actJhe Prdeeaf the stepngi a%%® one
am no acigghe rﬁZthoJ REndTREQRGHDY liflited 1 the ordMe & @hﬁhltﬁéﬁeésr@rﬁc@rb? dgAui val ent

of the cleavable |1 nker precursor wth respect to reactive centers on the
sequencegnétBodatd ectited. t he nedlun1 25 18. The nethod of claim 15, wherein the

medi um furt her oqgrlses a QR aci recyr sor |st|n%%| hable fromthe
cl eavabl e |i mlg € claims, as we as in the specification above, all transitional phrases such as

10 “comprising,

9 &« % 4 ? Y 6L

including, containing,” “involving,” “holding,”

carrying,” “having,
“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:



19. The nethod of claim 18, wherein the ratio of the am no acid precursor to
the cleavable |inker precursor is greater than 1:1. .30 WO

2011/ 0081w8RGI/ 8§20 10/ 000266 - 40 - 21. The nethod of cl acmst8o10wbesei n t he
am no acid precursor conprises a first protecting group and the cl eavabl e

| i nker precursor conprises a second pregecting group different fromthe
first. 5 22. The nethod of claim15, further conprising grow ng

bi opol yners on a plurality of indivigi%gpﬁgrticles, wherein each particle
conprises a uni que biopolyner. 23. od, conprising: 10m xing a
pluralityl.of bAepmbysiges coiphisiag: | east one surface; and attaching the
plurality of biopolyners to the at |east one surface such that only a
portion of the 19})6%{53&&@ bignoduperand@ seprndiipnel paet thetsimths segandy abl e

| i nker. - kit J.sling: ' L. Qi bi ndi n
r :agi on an%é%o@r’gtgggﬁﬁg%l?ﬁ ng@gw{gédel?%ert %%ggl rtlgﬁggy%g{:ﬁ lggﬂg)?i% Wth%% tg?eavabl g
| i nkers arscasiidopilgdebgongains stlamabledlitfkier.ci ent to reduce t he bi ndi ng

affinity of the binding region for a target species by |less than 20% 25.
The conposition of clainms 24, 32, or 33, wherein the binding region is an

epitope. 20  The composition of claim 1, wherein the first biopolymer and the second

biopolymer each comprise amino acid sequences.

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

biopolymer each comprise nucleic acid sequences.

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

biopolymer each comprise polysaccharides.

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

25  biopolymer is greater than 1:1.

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

wherein each mixture is attached to a separate particle.

30 10.  The composition of claim 2, wherein the first biopolymer comprises an anchor

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



26. The conposition of claim?24 or 33, wherein the binding region and
cleavable linker are separated by at | east two biopolynmer subunits. 27.
The conpagbhhfmesiszcl ai m 24, 32, or 33, wherein the biopelrke®iiosesmeEi ses an
25am no acid sequence, and wherein the cleavable linker is |ocated within
five am no acids of the Cternminus of_ {yie am no acid sequence. 28. The
conposition of claim?24, 32, or 33, wherein a first plurality of the

bi opol y s ar attach?d t .syrface. BO ) 2011/ 008173PCT/ SG2010/ 000266
2t ah - g ® pAisrcqmippsitig of flaing dowReinghe fiest PispOIYICT SREPHSS 1B AECHBcat i ons
wher e t heinlih® REY ¥6Richcddnd NE-t&RGANCaninY hgid seyuddbe BX ORI/ MEr S contain a

cl eavable linker. 30. The conposition of claim28, wherein the surface is
the external surface of a bparticle. 31. The conposition of claim 24, 32,

or 33, furntheryconmprisi.n | i brary of unigue.bi oppl yner erei n each of
Che b oparymer e Srigo i ofictete? 1 ks St PiopBBmET S 1508 FicuBfif o
conpr 5si rigager than th&fildt bBipgblyiRE. contai ning a binding region and a cl eavabl e
| i nker, wherein the binding region and the cl eavable |inker are separated
by at |east two biopolynmer subunits. 33. A conposition, conprising: 15a

bi opol ynmgry, co i ni a DiAdi reql i , rei.n the
cleavabrgsfinE@%(QgQQg@g?ggg%ﬁgﬁiﬁﬂI?@éﬁggggg§b§@¥6§% 8%# sﬁ%fnggﬁégﬁinus
of the bimqelayi®s acid than the first biopolymer.

10 14. The composition of claim 2, wherein the second biopolymer has the same number

of amino acids as the first biopolymer.

15. 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.

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

20  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
cleavable linker precursor is greater than 1:1.

.30 .
20.  The method of claim 18, wherein the ratio of the amino acid precursor to the

- cleavable linker precursor is greater than 5:1.



34. A nethod of screening a library of biopolyners, conprising: 20providing
a plurality of particles, wherein each particle conprises a unique first

bi opol ymagoaoth/msigi que second bi opol ynmer, the second bipgpglcei®icoeREPr i Si ng
a cleavable linker; contacting the plurality of particles with a target;

i solating menbers of the plurality of_ particles that bind above a threshold
| evel with 25the target; cl eaving cleavable linkers on the isolated
menbers of the plurality of particles to release a fragnent of the second
bi opol yner; and determ ning the sequence of the fragnment of the second

bi opol ynmez;. 30BR methb®bAElMim ¢9,WPHeréih Mk amino acid®riduréorlcbinyrifds ast i cl es,
wherein each of the particles has attached thereto a first biopolynmer and a
second biprpiscymegrouppaed Biervleariable Hokerdresiuoyes cymprisasa sechmdipiretattingerone
VIEOll/OO1%73ngh%§%9ﬁ%£000266 - 42 - first biopolymer except at one or

cren . . .
nore | ocations ere € second bi opol yner contains a cl eavable |inker.

36. Thse library of claim35, wherein the first biopolyner and the second
bi opol yner 5 each coqfrise am no acid sequences. 37. The library of claim
P

35, wher el t hEhermet§ed pf episn | efprthergompasingesnving bigpolymes opadkirelimeti se
b1 opal ymep Ui EERERGES st fack IR0 b e S LA I o' des. 30, The
|l i brary of claim 35, wherein the cleavable |inker is nethionine.
23. A method, comprising: |
10 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.

24. A composition, comprising;
15 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%.

25. The composition of claims 24, 32, or 33, wherein the binding region is an epitope.
20
26.  The composition of claim 24 or 33, wherein the binding region and cleavable linker

are separated by at least two biopolymer subunits.

27. The composition of claim 24, 32, or 33, wherein the biopolymer comprises an
25 amino acid sequence, and wherein the cleavable linker is located within five amino acids of

the C-terminus of the amino acid sequence.

28.  The composition of claim 24, 32, or 33, wherein a first plurality of the biopolymers
are attached to a surface. '
29.  The composition of claim 28, wherein a second plurality of the biopolymers are

attached to the surface, wherein the second plurality of the biopolymers are identical to the



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

wher ei n t\e 2bi1@Ek1781 opol ymer conprises an anchor anmino aeirfcee@uesnes and an
N-term nus am no acid sequence extension. 20 42. The library of claim 35,

wherein the first biopolyner conprisesg@n anchor am no acid sequence and a
C-term nus am no aci d sequence extensi on. 43 The library of claim 35,

wh K th 5 d

b1 opol ymuBuaRie e beB Sinerr o0 8 g B i oeateh: wheig i bRRSTRET o ai m
36, wher ah@sdcBfd PREANY oPbiOPOIVIIERY confiiPh tRBFabH liki@ast one nore am no acid
than the first biopol yner.

30.  The composition of claim 28, wherein the surface is the external surface of a

5 particle.

31.  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.

10 32. A composition, comprising:
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.

33. A composition, comprising:
15 a biopolymer containing a binding region and a cleavable linker, wherein the

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

biopolymer.
34. A method of screening a library of biopolymers, comprising:
20 providing a plurality of particles, wherein each particle comprises a unique first

biopolymer and a unique second biopolymer, the second biopolymer comprising a
cleavable linker;

contacting the plurality of particles with a target;

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

25  the target;

cleaving cleavable linkers on the isolated members of the plurality of particles to-
release a fragment of the second biopolymer; and

determining the sequence of the fragment of the second biopolymer.

30 35.  Alibrary, comprising: .
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.

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

each comprise amino acid sequences.

37.  The library of claim 35, 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.



